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A  mineral  firom  Branswiek  in  the  St&te  of  Maine,  eonBisting  of  white 
peazij  scales,  haying  the  feel  of  a  soft  earthy  talc,  and  oontaining,  according  to 
Thomson  (Outlines  of  Mineralogy^  i.  244^  64*44  per  cent  silica,  28'84  alumina,  4*43 
ferric  oxide,  and  1*0  water  (  «  98*71).  Tdeite^  from  Wicklow  in  Ireland,  is  similar  in 
physical  character,  but  of  difi^nt  chemical  composition,  oontaining  only  about  46  per 
cenL  of  silica.  A  mineral  also  called  n€ierxie  from  the  mica-elate  of  the  Alps,  in  which 
Vanqnelin  Ibond  60  per  cent  silica,  26  alumina,  6  fenic  ozide^  1*6  lime  and  17*6 
potash,  appears  to  have  been  a  mica. 

VAOTACWTB.  Foliated  TeUwrwrn,  Black  TeUurivm,  Telluriim^lanoe,  BUtttet' 
teUur,  Bldttertrg. — ^NatiTe  tellnride  of  lead  and  cold,  occurring  sometimes  in  dimetiio 
crystals,  oF  .  2  Poo  .  P,  in  which  the  lensth  of  uie  prindpid  axis  is  1*296 ;  deavage 
basal;  more  frequently  however  in  lamellar  masses;  sometimes  granular.  Hardness 
»  1 — 1*6.  Specific  gravity,  6*86 — 7*2.  Opaque,  with  metallic  lustre  and  bladdsh 
lead-grey  colour ;  streak  the  same.  Thin  laminie  yer^  flexible.  When  heated  in  a 
tube,  it  giyes  off  sulphurous  anhydride,  and  yields  a  white  sublimate  consisting  chiefly 
of  tdluious  anhydride^  Melts  eanly  before  the  blowpipe,  burning  with  a  blue  flame, 
and  formii^  on  the  charcoal  a  yellow  deposit  which  ^usappears  in  the  inner  flame,  and 
flnaUy  leaving  a  button  of  malleable  gold. 

Kagyagite  contains,  according  to  the  most  recent  analysis  bySchonlein  (Ann.  Oh. 
Phazm.  Ixxxyi.  201),  9*70  per  cent  sulphur,  80*09  tellarium,  60*96  lead,  9*10  gold, 
0*63  silver,  and  0*99  copper,  agreeing  wiUi  the  formula  (Ppb ;  Au').(Te ;  8).  Specimens 
analysed  by  Berthier  and  Folbert  {Bammelsbef^s  Mineralchemie,  p.  67)  were 
found  to  contain  antimony  (3*77 — 4*66  per  cent.). 

Nagyagite  occurs  in  veins  at  Ka^;^ag  and  Offenbanya  in  Transylvania,  associated  at 
the  former  place  with  sylvanite,  silicate  of  manganese,  blende  and  gold,  and  at  the 
latter  with  antimony  ores.  It  is  also  said  to  occur  abundantly  at  Whitehall,  near 
Frederickabuigh  in  Virginia.    (Kenngotfs  Ueberncht,  1860-61,  p.  143.) 

MAJrCBZC  ACXB.  Braconnot's  name  for  the  acid  which  he  found  in  the 
wjush-liquor  of  the  preparation  of  wheat-starch,  &c,  afterwards  shown  to  be  lactic  acid 
(ill.  463). 

MAVBTKAa  A  term  applied  by  the  older  chemical  writers  to  a  variety  of 
volatile,  mobile,  strong  smelling,  inflammable  liquids,  chiefly  belonging  to  the  class  of 
ethen ;  thus  the  sulplute,  nitrate  and  acetate  of  ethyl  were  called  Naphtha  viirioU,  N, 
nttriy  N.  aceti,  &c  Subsequently  it  was  restricted  to  the  liquid  hydrocarbons,  which 
issue  from  the  earth  in  certain  localities,  and  appear  to  be  produced  by  the  action 
of  a  moderate  heat  on  coals  or  bitumens.  More  recently  it  has  been  again  extended 
so  as  to  include  most  of  the  inflammable  liquids  produced  by  the  dry  distillation  of 
organic  substances.    The  liquids  thus  designated  are : — 

1.  Bogliead  or  Btttbgate  Maplitliaf  also  called  Bhotogen  and  Paraffin  oil, — This 
liquid  was  originally  obtained  by  distilling  the  Torbane  hill  mineral  or  Boghead 
oool  at  as  low  a  temperature  as  possible ;  but  it  is  now  known  that  any  cannel  coal 
or  even  bituminous  shale,  if  subjected  to  similar  treatment^  will  yield  the  same 
products.       ^     t"^ 
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2  NAPHTHA. 

The  erode  distillate  is  a  mixture  of  seyeral  Uauid  hydrocarboxiB,  together  with  add 
and  baaic  compoundB.  When  purified  by  redistiUation  and  subsequent  treatment 
with  sulphuric  add  and  caustic  soda,  it  yields  an  oil  consisting  of  a  mixture  of  Yarious 
fluid  hydrocarbons  holding  paraffin  in  solution.  By  distillation  with  water,  it  is 
separated  into  a  volatile  liquid  (a)  lighter  than  water  and  containing  little  or  no  par- 
affin, and  a  less  ToLitile  liquid  which  contains  paraffin,  and  after  further  purification  by 
successive  treatment  with  oil  of  vitriol  and  chalk,  is  well  adapted  for  lubricating 
machinery.  When  heated  to  between  -1°  and  -i-  4'6^  C.  (30^  and  40°  R),  it  deposits 
a  portion  of  the  paraffin,  the  remaining  liquid  being  a  saturated  solution  of  paraffin 
in  the  fluid  hydrocarbons. 

The  volatile  oil  (a)  is  a  mixture  of  a^peat  number  of  hydrocarbons,  belonging  to 
three  different  series,  viz^  the  olefines,  O^* ;  the  benzene  series,  OH*"^"* ;  and  the  marsh- 
gas  series  or  alcoholic  hydrides,  C"IP>'*'*.  To  separate  these  bodies  it  is  necessary  first 
to  subject  the  liquid  to  a  long  series  of  fractional  distillations,  whereby  it  is  resolved 
into  portions  bouing  at  intervals  of  10°,  and  then  to  treat  each  fraction,  first  with  bro- 
mine to  remove  the  olefines,  and  then  with  strong  nitric  add  which  removes  benzene 
and  itshomologues.  The  hydrocarbons  remaining  i^ter  these  successive  treatments  con- 
sist of  the  alcoholic  hydrides,  OH'^'*'*.  The  following  have  been  separated : — ^h  y  d  r  i  d  e 
of  hexyl,  OH**,  boiling  at  68°;  hydrideofocty^  OH",  boiling  at  119°;  hydride 
of  decatyl,  C'H*',  boiling  at  159°;  and  hydride  of  dodecatyl,  boiling  at  202°. 

Bone  Vaplttliaf  Bane  ot/,  DippeTs  animal  oil,  already  described  (i.  626),  consists 
diiefiy  of  a  mixture  of  hydrocarbons  which  have  not  yet  been  investigated  with  certain 
volatile  bases,  viz.  ammonia,  pvirhol  (OH*N),  and  bases  of  the  series  C*H'"''''N  and 
OH^-*N,  homologous  with  ethylamine  and  pyridine  respectively,  together  with  smaller 
quantities  of  acids. 

3.  <MM»ateiimM  Vaplittui  or  Caautchoucin  (i.  736^  is  for  the  most  part  a 
mixture  of  polymeric  hydrocarbons,  chiefly  caoutchin  and  isoprene. 

4.  Coal  irapliVlia  is  obtained  by  the  distillation  of  coal-tar  (see  i.  1038).  The 
'*  light  oil"  after  separation  from  the  heavier  ''creosote  oil,"  or  "dead  dl,"  is  rectified, 
whereby  a  ftirther  portion  of  heavy  oil  is  separated  and  crude  o  o  a  1-n  a  p  h  t  h  a  is  obt  sined. 
This  is  agitated  with  sulphuric  add  to  free  it  from  organic  bases,  and  the  supernatant 
■liquid,  aft;er  ftirther  rectification,  yields  the  *'  highly  rectified  naphtha  "  or  "benzole  "  of 
commerce,  which  is  diiefly  a  mixture  of  five  oily  hydrocarbons  of  the  benzene  series, 
viz.  benzene,  C«H«,  boiling  at  80-4°;  toluene  C'H«,  at  114°;  xylene,  C'H",  at 
126°;  cumene,  C^",  at  144°;  and  cymene,  C"H",  at  177-6.°  The  liquid  hydro- 
carbons of  coal-naphtha  boiling  at  higher  temperatures  have  not  been  much  studied. 
OrdiuaiT  coal-naphtha  likewise  contains  traces  of  olefines. 

The  bogie  constituents  of  crude  ooal-naphtha,  which  are  removed  by  agitating  the 
liquid  with  sulphuric  acid,  may  be  obtained  in  the  free  state  by  distilling  the  acid 
liquid  with  excess  of  alkali,  and  separated  from  one  another,  partly  by  fractional  dis- 
tiUation,  partly  by  fraetionsl  ci^rstauisation  of  their  platinum-saltB.  These  bases  belong 
to  two  series,  the  one  series  consisting  of  pyridine  ana  its  homologues,  represented  by  the 
general  formida  OH>— "N,  viz.  pyridine,  OH^N;  picoline  and  its  isomer,  ani- 
line, C«H'N;  lutidine,  C»H»N;  and  collidine,  (?H"N;  whUe  the  other  series  of 
base8,C*H^^"N,  is  isomeric  with  chinoline,  CH'N,  and  its  homologues,  viz.  le u co- 
line,  C»H»N;  iridoline,  C»«H^;  andcryptidine,  C"H"N  (see  IiiucoLiHB,iii.  683). 

The  alcohol-bas€8,  OH^^'K  (methylamine  and  its  homiologues),  which  occur  in 
bone-oil,  appear  to  be  altogether  absent  from  coal-naphtha. 

Goal-tar  also  contains  huge  quantities  of  naphthalene,  C**H*  (p.  4). 

The  "  dead  oil"  or  less  vola^e  portion  of  coal-tar  contains  a  condderable  quantity 
of  phenol,  phenylic  alcohol,  phenic  acid,  carbolic  add,  or  coal-tar  creosote,  C*H'0, 
together  witn  several  hydrocarbons  of  high  boiling  point,  and  existing  at  ordinary  tem- 
peratures as  crystalline  solids ;  these  have  been  but  imperfectly  examined.  The  last 
portions  of  liquid  which  pass  over  in  the  distillation  of  coal-tar  contain  two  of  these 
solid  hydrocarbons,  viz.  chr^sene,  C*H\  andpyrene,  G'*H'*,  the  former  being 
insoluble,  the  latter  soluble  m  ether  (see  Chbtsbmb,  i.  968).  The  last  semifiuid 
portions  of  the  tar  ako  contain  anthracene  or  paranaphthalene,  C**H**,  which 
separates  out  in  the  solid  state,  when  the  semifluid  oil  is  exposed  to  a  low  temperature 

(see  PARAMAPHTHAUDni). 

6.  mineral  or  Matlwe  Wtoptatlia.  Petroleum,  Sock-oil,  8teinol.—ThiB  is  an 
inflammable  liquid  of  a  more  or  less  tarry  consistence,  which  issues  from  the  earth  in 
various  localities,  occurring  in  large  quantitiea  in  Perda,  at  Kangoon  in  the  kingdom 
of  Burmah,  in  Canada,  and  other  parts  of  North  America,  and  is  generally  associated 
with  solid  bitumen  or  asphalt,  as  in  the  great  pitch-lake  of  Trinidad  (i.  426).  These 
naphthas  consist  almost  wholly  of  mixtures  of  hydrocarbons ;  the  older  ansJyses  made  of 
them  are  of  little  value,  because  the  proximate  constituents  were  not  separated  with 
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saffident  care ;  recently,  however,  the  American  petroleum  haa  been  made  the  subject 
of  an  elaborate  investigation  bj  Pelouae  and  0ahoar8(Ann.  Ch.  Pharin.  cxxiv. 
289 ;  dxviL  196;  cxxiz.  87),  who  have  shown  that  it  is  made  np  almost  entii«ljr  of 
the  series  of  alcoholic  hydrides,  C»H^+«  from  hydride  of  tetryl,  C*H*»  upwards,  the 
greater  portion  however  consisting  of  hydride  of  hexyl,  C*H'*  (see  Htdridb8»  iil  181). 
Hence^  and  from  the  composition  of  Boghead  and  cannel  coal-naphtha,  it  would  appear 
that  these  hydrides,  homologous  with  marsh-gas,  constitute  the  chief  products  of  the  de- 
compoflition  of  coal  and  bituminous  substances  at  comparatiyely  low  temperatures  (see 
Pstbolbum). 

Burmese  naphtha  or  Sanaoon  tar  is  obtained  b^  sinking  wells  about  60  feet  deep  in 
the  soil,  the  liquid  g^duaUy  oozing  out  and  being  removed  as  soon  as  a  sufficient 
quantity  haa  accumulated.  There  are  about  five  hundz«d  of  these  naphtha  wells,  yielding 
annually  about  412,000  hogsheads.  This  naphtha  contains  about  11  per  cent  of  solid 
paraffin.  De  la  Bue  and  Muller  (Proc.  Hoy.  Soe.  viiL  221X  by  distilling  the  crude 
naphtha  in  an  atmosphere  of  steam,  superheated  fiyr  the  higher  temperatures,  have 
resolved  it  into  the  following  portions : 

Below  100°  C Free  from  paraffin        ...    11 

110Otol45O A  little  paraffin  ....     10 

1460  to  melting  point  of  lead.        .  jCk>n  tuning  paraffin  but  still  fluid  |     ^^ 

At  about  the  melting  point  of  lead .  | ®"^to*^^,^  ^  ^  "^^^  j     81 

Beyond  melting  point  of  lead  .  Quantity  of  paraffin  diminial^^    ,    21 

Lajst  distilled Pitchy  matters     ....      3 

Beaidue  in  stiU      .        .        .        .  jC^^^^^g;^  a  H^^  ^ 

100 

The  proportion  of  hydrocarbons  removable  from  the  various  distillates  by  strong  sul- 
phuric acid,  nitric  acid,  or  a  mixture  of  both  adds,  is  in  most  cases  smaU,  incresaing 
generally  however  with  the  boiling  point  of  the  liquid,  and  vaiyixiff  trom  one-tenth  to 
nearly  a  third  of  the  compound  hydrocarbon ;  hence  it  is  proba^b  that  this  naphtha 
likewise  consists,  for  the  most  part,  of  homologues  of  marui-gas.  The  hydrocarbons 
removed  by  nitric  acid  consist  of  benzene,  toluene,  xylene,  and  cumene. 

6.  Bbale  Vapbtluu  Shale  oU. — ^The  naphthas  obtained  by  the  dry  distillation  of  the 
various  bituminous  shales  or  schists  jpresent  great  diversity  of  composition,  and  but 
few  of  them  have  hitherto  been  submitted  to  careful  examination.  The  bituminous 
shale  of  Borsetshire,  the  naphtha  from  which  has  been  examined  by  C.  Gr.  Williams 
(Chem.  Soc  Qu.  J.  vii.  97),  contains  much  nitrogen  and  sulphur,  arising  to  a  great  ex- 
tent from  the  presence  of  a  large  quantity  of  semi-fossilised  animal  remains.  Hence 
the  crude  naphtha  is  intolerably  fetid.  It  may  be  sweetened  and  freed  from  its  bsaio 
and  acid  constituents  by  repeated  treatment  with  sulphuric  acid  and  caustic  soda,  and 
then  contains  nearly  the  same  constituents  as  Boghead  naphtha,  viz.  benzene  and  its 
homologues,  various  olefines,  and  small  quantities  of  the  homologues  of  marsh-gaa. 
The  basic  constituents  removed  by  sulphuric  acid  consist  of  pyridine^  and  its  homo- 
logues ;  the  acid  portion  is  chiefly  phenic  or  carbolic  acia 

The  French  shale  oils  have  been  examined  by  Laurent  and  St.  Evre,  but  without  any 
very  satis&cUMry  results.  liiurent's  analyses  have  been  quoted  by  Gerhardt  ( Traiti, 
iv.  423),  to  show  that  the  hydrocarbons  approach  in  composition  to  the  formula  nCH' 
(calc.  85*7  per  cent  carbon ;  anaL  85*6 — 86*2  per  cent). 

Laurent,  by  subjecting  the  portion  of  shale  oil  boiling  between  80°  and  150°  to  the 
action  of  boiling  concentrated  nitric  acid,  obtained  an  acid  which  he  called  aropelic 
acid  (i.  201),  having  the  composition  of  salicylic  add,  C*H*0',  and  probably  formed  by 
the  oxidation  of  one  of  the  homoloffues  of  benzene. 

The  various  bitumens  and  asphiQts,  of  which  immense  deposits  exist  in  many  coun- 
tries, yield  by  distillation  oils  or  naphthas  of  similar  nature  to  shale  oil. 

The  shale  oil  prepared  at  Beutling  from  "  Posidonienschiefer/*  yields  by  distillation 
a  small  quantity  of  tar  not  exceeding  3*5  per  cent  The  hydroearlx>ns  obtained  from  it 
are  said  to  have  a  composition  represented  by  the  formula  C''B'<'*~~^,  the  greater  portion, 
which  boila  between  160°  and  175°,  being  CW,  (Harbordt,  Ann.  Ch.  Fharm. 
cxxiv.  14.) 

For  fmther  details  respecting  the  preparation,  properties,  and  composition  of  the 
several  naphthaa  above  mentione(^  see  the  series  of  excellent  articles  on  Naphthas  by 
C.  Gr.  Williams  in  the  new  edition  of  Un^e  Dictionary  of  Arte,  Mant^acturea  ana 
Mines,  iii.  220-233. 

B  2 


N  APHTHADII>— NAPHTHALENE. 


A  Bubstanoe  derived  from  minenl  naphtha;  it  is  black,  with  a 
weak  greasy  lustre ;  oopper-brown  in  fractore ;  does  not  ehanoe  in  the  lights  melts  at 
the  same  temperature  as  wax,  and  bums  with  a  clear  flame.    (Dana,  ii  470.) 

■■    Sjn.  with  Phthalaktob. 

O^WOJ.  (Laurent,  Ann.  Ch.  Fhys.  [2]  lix.  826.)— To 
prepare  this  compound,  nitro-naphthalene  is  heated  with  great  caie  with  8  or  10 
times  its  weight  of  hydrate  of  barium,  the  retort  b«ng  filled  up  to  the  nedc.  Ammonia, 
naphthalene,  and  an  oil  then  pass  over,  while  a  thicker  oil  condenses  in  the  neck  of  the 
retort,  and  solidifies  on  coobne.  In  order  to  obtain  the  naphthalase,  the  neck  of  the 
retort  is  to  be  cut  off  near  the  Dulb^  and  washed  with  ether,  by  wludi  means  the  oily 
impurities  and  any  naphthalene  present  are  removed. 

Naphthalase  is  a  yellow  substance  which  sublimes  without  ftising  at  250^.  At  a 
still  hiffher  temperature  it  melts  and  boils,  givins  off  a  yellow  vapour  which  condenses 
in  small  spangles,  which  are  deposited  in  long  yellow  needles.  It  is  insoluble  in  alcohol, 
almost  insoluble  in  ether,  soluble  in  water.  Its  most  characteristic  property  is  its 
power  of  colouring  sulphuric  acid  a  beautiful  violet  tint  The  smallest  quantity  gives 
the  reaction,  and  the  colour  is  not  destroyed  in  hermetieally  closed  tubes,  even  after 
the  l^se  of  two  years. 

Naphthalase  does  not  appear  to  be  destroved  b^  nitric  add,  inasmuch  as  after  being 
heated  with  that  acid,  it  stOl  dissolves  in  sulphuric  add  with  a  blue  colour.  Chlorine 
does  not  remove  from  it  its  power  of  colouring  oil  of  vitriol. 

No  success  has  attended  the  various  efforts  which  have  been  made  to  isolate  the 
coloured  substance  which  naphthalase  forms  with  sulphuric  add,  with  a  view  to  in- 
dustrial purposes.  0.  G.  W. 

VAVnXA&awa.  Bjtl  Naphikalime,  NapfUkaUn,  C**H".  (Garden,  Thom- 
son's Annals  of  Philosophy,  xv.  74 ;  Faraday,  PhiL  Trans.  1826;  Beichenbach, 
Schw.  J.  bd.  175 ;  IxviiL  288 ;  Dumas,  Ann.  Ch.  Phys.  L  182;  Dumas  and  Stas, 
ibid,  boxvi  40.  Laurent^  ibid,  hdz.  214;  Bivue  Scienti£  vi.  76.  Products  of  its 
oxidatian :  B^vue  Sdentif  ziv.  660.  Chlorinated  and  hrondnaied  derivatives:  Ann. 
Ch.  Phvs.  xliz.  218 ;  lii.  276;  B^vue  Sdentil  zi.  861 ;  xii  103 ;  xiii.  66, 679 ;  ziv.  74, 
818.  Nitrio  derivoHvee:  Ann.  Ch.  Phys.  lix.  876;  lUvue  Sdentifl  xiii.  67.  Sulphu- 
ric acid  derivatives :  lUvue  Sdentil  xiii  687.)  For  an  extended  list  of  memoirs  on 
nanhthalene^  see  Omdin*s  Handbook,  xiv.  1. 

Mistory. — ^Naphthalene  appears  to  have  been  first  noticed  publicly  by  Garden,  who 
extracted  it  from  the  crude  distillate  firom  coaL  It  was  also  observed  by  Beichenbach 
during  his  researches  on  destructive  distillation.  It  was  first  analvsed  by  Faraday, 
who  not  only  determined  its  composition  accurately,  but  also  arrived  at  its  true  atomic 
weigbtb  The  most  laborious  researches  upon  naphthalene  were  made  by  Laurent, 
who  was  more  or  less  engaged  in  studying  it  for  nearly  twenty  years.  Some  of  the 
earliest  and  most  dedded  instances  of  sulMtitution  of  chlorine,  &c.,  for  hydrogen  were 
discovered  in  the  course  of  his  studies  of  this  hydrocarbon. 

Formation. — Generally  produced  when  organic  bodies  are  distilled  per  se  at  very 
high  temperatures.  1.  By  dirtilling  ooaL  When  coal-tar  is  distilled,  the  naphthalene 
wfich  it  contains  is  found  to  accompany  the  liquids  which  come  over  at  almost  all  the 
temperatures  observed.  It  is,  however,  more  abundant  in  the  portions  distilling  about 
216^.  Even  the  cymene  distilling  st  about  178^  is  often  so  contaminate  with 
naphthalene  as  to  be  isolated  omy  with  the  greatest  difficulty  and  great  loss. 
Naphthalene  is  often  retained  in  a  fluid  condition  in  a  remarkable  manner  by  the 
substances  which  accompany  it  in  the  crude  coal  oil.  It  not  unfrequently  happens 
that  a  liquid  which  has  remained  fluid  for  months,  even  in  cold  weather,  may  by 
repeated  treatment  with  sulphuric  add,  followed  by  refrigeration,  be  almost  entirely 
converted  into  solid  naphth^ene.  It  is  also  found  in  the  tar  of  shales  and  analogous 
substances  accompanying  paraffin. — 2.  Alcohol  and  ether  vapour,  and  even  defiant 
gas  and  acetic  add  vapour,  yield  more  or  less  naphthalene  when  passed  through  red- 
hot  tubes. 

3.  Petroleum  and  most  essential  oils  passed  through  red-hot  tubes  also  affixrd  it 
(Saussure,  Berthelo t).— 4.  Camphor  vapour  passed  over  red-hot  quicklime,  yields 
naphthalene  (Frimy).  From  the  above  oondderatioDS  it  is  not  remarkable  that 
naphthalene  snould  be  fbund  in  soot  and  lamp-black.  Dumas  at  one  time  asserted 
that  naphthalene  exists  ready  formed  in  cofd;  this,  however,  has  been  denied  by 
Beichenbach.  Since,  however,  it  is  certain  that  paraffin  exists  ready  formed  in 
Boghead  coal  and  certain  cannelit,  it  is  to  be  desired  that  this  question  idiould  be 
determined  more  carefblly. — 4.  Sulphide  of  carbon  vapour  mixed  with  sulphuretted 
hydrogen,  or  a  mixture  of  these  two  with  carbonic  anhydride,  when  passed  over 
spongy  copper  or  iron  at  a  dull  red-heat,  yields  naphthalene  and  other  products 
(Bert helot).    Some  chemical  substances  containing  no  hydrogen,  such  as  the  proto- 
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diloride  of  carbon,  OCL*,  when  paased  together  with  hydrogen  thromgli  a  led-hot  tube 
yield  naphthalene.    (Berth elot) 

Pr^taraHon, — The  qnantitieB  of  naphthalene  which  are  obtained  as  bye-producta  in 
the  prepamtion  of  ooal-naphtha  are  so  laige,  that  eren  if  a  nee  for  it  were  diflooyered, 
it  would  scarcely  be  necessaiy  to  take  special  measorea  for  its  extraction.  It  is  often 
found  in  quantities  (amounting  in  some  cases  to  tons}  in  the  tanks  in  which  pitch-oil 
(heaTy  cool-oil)  ia  stored.  Coal-tar  fiK>m  which  the  lighter  oila  haye  been  remoyed  by 
a  preliminary  distillation  is  distilled  in  large  iron  stim  The  distillate  is  receiyed  in 
puncheons,  and  the  process  ia  carried  on  until  the  liquid  is  heayier  than  water.  The 
first  200  g^ons  ^m  a  chaige  of  7000,  contain  bat  httle  naphthalene ;  all  the  rest  of 
the  distillate  abounds  in  it.  To  extract  the  naphthalene,  snuill  quantities  of  sulphuric 
acid  may  be  shaken  with  the  oil,  and  then  alter  settling  for  a  short  time^  may  be  run 
o£  The  supernatant  oil  on  coUng  to  0^  depoeits  large  quantities  of  the  naphthalene. 
On  repeating  the  process  more  and  more  will  be  obtained,  until,  in  many  instancesi 
almost  the  whole  will  become  solid.  Freyioua  to  cooling  it  is  sometimes  adyisable  to 
distil  the  oil  after  the  treatment  with  add  and  remoyal  of  the  tarry  deposit.  Duriujg 
the  distillation  large  quantities  of  sulphurous  acid  are  giyen  o£  Where  a  difficulty  ia 
found  in  getting  the  naphthalene  to  deposit,  a  treatment  with  a  little  bleacmng 
powder,  after  the  acid,  and  then  distilling,  will  generally  efiSpct  the  separation. 

Purificaiion, — ^The  crude  greasy  naphthalene  obtained  as  aboye  may  be  drained  on 
cloth  straiuerB  until  most  of  the  oil  is  remoyed.  The  remainder  may  then  be  got  rid 
of  by  pressure  in  strong  bags.  Exposure  to  the  air  for  a  long  time  greatly  improyes 
the  product.  The  roughly  porifiea  substance  may  then  be  redistilled,  the  receiyer 
being  changed  when  the  proouct  comes  oyer  colourless.  To  obtain  it  in  large  crystals 
it  may  be  melted  in  basins  on  the  sand-bath.  Goyers  of  paper  should  be  pasted  oyer, 
and  care  should  be  taken  that  the  basins  are  not  more  than  half  fiiU.  When  the 
contents  are  melted  and  beginning  to  sublime^  the  whole  may  be  allowed  to  cooL 
When  quite  cold  a  large  quantity  of  colourless  erystalB  will  be  found  between  the  cake 
of  naphthalene  and  Sie  paper  coyer.  They  may  be  remoyed  with  a  feather.  The 
residue  may  be  pressed  to  extract  oily  impurities,  and  the  process  can  be  repeated  until 
almoHt  the  whole  has  been  oonyerted  into  erystals  (Otto).  The  methods  of  purifi- 
cation giyen  can  be  employed  on  any  scale,  from  the  largest  to  the  smallest^  without 
fear  of  fiulure ;  it  will  be  unneoessaiy  therefore  to  describe  other  methods. 

Properties. — ^Naphthalene  when  pure  consists  of  brilliant  white  scaly  crystals,  yery 
friable,  strongly  and  unpleasantly  odorous,  and  haying  a  density  of  1-168  at  18^,  and 
of  0-9778  in  a  melted  state  of  79*2°.  As  obtained  by  sublimation,  the  crystals  are 
generally  rhombic  tables  of  122^  and  78^,  the  hexagonal  fbrm  arising  fh>m  truncation 
of  the  acute  angles.  Aooording  to  Laurent,  naphthalene  may  be  oUained  in  mono- 
dinic  prisms,  by  spontaneous  eyi^Kxration  from  a  solution  in  ether.  According  to 
Chamberlain,  it  crystallises  from  turpentine  in  prisms  haying  pyramidal  terminatsons. 
It  melts  at  79*2^  (H.  Kopp),  and  boils,  according  to  the  last  obseiyer,  at  218**,  the  baro- 
meter fftrnndiiTg  at  760  mm.  It  sublunes  eyen  at  low  temperatures ;  distils  readilpr 
along  with  fluid  hydrocarbons,  and  eyen  dong  with  the  yapour  of  water.  On  water  it 
rotates  somewhat  like  camphor.  Its  yapour-density  is  4*628  according  to  D  u  m  a  s,  but 
as  determined  by  Nat  an  son  (in  an  apparatus  enabling  the  yolume  of  yapour  to  be 
measured  in  a  manner  analogous  to  Gay-Lussac's  method),  the  yalue  4*46  waa 
obtained.  Theory  for  two  yolumes,  requires  4*48.  It  is  insoluble  in  cold,  and  almost 
insoluble  in  boiling  water  ;  dissolyes  readily  in  alcohol^  ether,  fatty  and  essential  oila 
and  most  oils  obtained  by  destmctiye  distillation,  whether  hydrooarbons  or  oxidised 
bodies.  It  also  dissolyes  in  aoetie  and  oxalie  aeids.  Its  solution  in  turpentine  ia  ac- 
companied by  a  fall  in  temperature. 

DeafmpoeiHons. — 1.  Naphthalene  bums  with  a  dense  smoky  flame.  (The  condensed 
soot  of  napht^lene  forms  one  of  the  yarietiee  of  commercial  lamp-blade.)  When  it  ia 
passed  oyer  red-hot  Ume  or  baryta,  carbonate  of  calcium  or  barium  isformed  and  hydro- 
gen is  giyen  o££ — 2,  By  chlorine.  Chlorine  acts  with  energy  on  naphthalene,  heat 
being  eyoWed  and  hydrodiloric  acid  formed.  The  mass  at  first  melts,  but  on  continuing 
the  stream  of  gas  it  gradually  solidifies  again.  At  this  stage,  the  principal  products  of 
the  reaction  are  hydrochlorate  of  chloronaphthalene,  C>*H'CLHC1  (Gerhardt'  s  chlo- 
ride of  naphthalene),  and  dihydrochlorate  of  dichloronaphthalene,  Ci*H*Cl*.2H€l. 
The  continued  action  of  chlorine  causes  the  subetitntion  to  go  still  fhrther.^  The  substi* 
tution  of  chlorine  for  the  hydrosen  of  naphthalene  may  be  continued  until  the  whole 
is  replaced,  and  the  compound  0**01*  is  reached.  The  hydrochloric  acid  produced  by 
union  of  the  hydzoeen  of  the  naphthalene  with  the  chlorine  is  not  giyen  of(  out  remains 
in  combination  wi£  the  chlorinated  deriyed  ndide ;  it  may,  howeyer,  be  remoyed  by 
treatment  with  alkalis  or  by  the  action  of  heat ;  the  chlorine  which  replacea  the  hydzop 
gen,  on  the  other  hand,  is  unaffected  by  heat  or  alkalis. 
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Laurent' 8 results  assume  a  complicated  appearance,  owing  tothe  circumstance  that 
substitution-products  of  the  same  formula  may  be  obtained  in  several  different  ways, 
and  any  difference  in  the  mode  of  preparation  causes  the  resulting  bodies,  in  the 
majority  of  instances,  to  Tarv  in  melting  point,  crystalline  form,  hardness  or  other 
characters ;  they  have  been  described  by  him  as  isomeric  modifications,  and  indiyi- 
dualised  by  duuracteristic  letters.  In  some  of  the  cases  cited  by  Laurent^  there  is 
little  doubt  that  the  yariations  in  properties  were  due  to  the  different  specimens  not 
being  in  an  equally  high  state  of  punty,  but  this  will  certainly  not  account  for  all  the 
observed  differences. 

3.  By  bromins.  Bromine  acts  upon  naphthalene,  forming  numerous  compounds  ac- 
cording to  the  manner  in  which  the  ingrodients  are  allowed  to  react  on  each  other. 
The  reaction  between  the  two  substances  is  energetic,  hydrobromic  add  being  liberated 
and  substitution  compounds  formed.  By  acting  with  bromine  upon  chlorinated  naphtha- 
lene, substances  may  be  obtained  having  the  same  composition  as  those  procurable  by 
treating brominated  naphthalene  with  chlorine.  According  to  Laurent,  some  of  these, 
although  having  the  same  crystalline  form,  differ  according  to  the  order  of  the  formation. 

4.  lodins,  phospkoruSf  atUphur,  ehioride  of  carbon,  eyanogeny  and  hydrochloric  acid, 
are  without  action  on  naphthalene.  An  attempt  to  form  the  iodide  of  a  more  hydro- 
genated  hydrocarbon,  by  acting  with  fuming  hydriodic  add  on  naphthalene,  gave  no 
result,  although  the  add  had  a  density  of  1*9  and  was  heated  with  the  naphthalene  in 
a  sealed  tube  to  100^  G.  (Possibly  at  a  higher  temperature  the  experiment  might  be 
more  successful.) 

6.  JSitric  acid  scti  upon  naphthalene.  If  moderately  strong  nitric  add  be  added  to 
naphthalene  and  allowed  to  act  at  ordinary  temperatures,  nitro-naphthalene  is 
slowly  formed.  The  nitro-naphthalene  so  produced  may  be  converted  uto  dl-nitro- 
naphthaleneby  boiling  for  a  long  time  with  strong  nitric  add.  The  reaction  does 
not  take  place  very  readily,  but  a  mixture  of  nitric  add,  Nordhausen  sulphuric  add  and 
nitro-napnthalene  yields  (U-nitro-naphthalene  readily,  if  heated  toboihngm  an  apparatus 
allowing  the  vajpours  to  become  condensed  and  flow  back. 

6.  An  oxidising  mixture  consisting  of  acid  chromate  of  potassium  with  stdphurie  or 
hydrochloric  acids  appears  to  form  two  compounds  according  to  the  state  of  concentra- 
tion, the  temperature,  or  other  drcumstanoes.  One  of  these  substances  is  said  to 
bare  the  formula  CH^O^,  and  to  be  of  a  beautiful  rose  colour.  It  appears  to  have 
feeble  add  properties.  The  other  is  said  to  contain  C^*H'0\  and  to  have  more  dedded 
add  characters.     The  subject  requires  re-examination. 

7.  Nitrous  acid  and  o^Ko-rc^ia  both  ap^ar  to  yield  nitro-naphthalene  and  an  oily  body. 

8.  Sulphuric  acid  fbrms  several  ooi\]ugatea  adds  with  naphthalene ;  they  will  be 
found  described  under  their  respective  headings. 

According  toFritzsche,  naphthalene  may  be  made  to  unite  "wUhpicrio  add  atom 
to  atom,  by  dissolving  the  two  substances  in  hot  alcohol  or  benzene,  and  cooling. 

The  limits  of  this  work  will  not  admit  of  an  extended  account  of  the  vast  number 
of  substances  obtained  by  Laurent  and  others  by  acting  upon  naphthalene  with  chlorine, 
bromine^  nitric  add  and  sulphuric  add.  We  shall,  however,  endeavour  to  give,  as  con- 
cisely as  posfflble,  a  brief  statement  of  the  nature  and  methods  of  production  of  the 
more  important  derivatives.  For  a  full  account^  the  reader  is  referred  to  Gerhardt's 
IVaitif  iii.  p.  413,  et  seq.,  and  the  Cavendish  Sodely's  translation  of  Gmelin's  Handbook, 
xiv.  1,  et  seg.  In  the  first-named  work  the  artide  on  naphthalene  occupies  61,  and 
in  the  second  92  pages. 

Chlorine'  derivatives. 

The  table  on  p.  7  contains  a  list  of  the  prindpal  chlorides  and  bromides  of  naphtha- 
lene. They  are  decomposed  by  heat  and  also  by  alcoholic  potash,  hydrochloric  or  hy- 
drobromic add  being  removed,  and  chlorinated  or  brominated  naphthalene  produced. 
The  names  as  given  by  Gmelin  generally  accord  with  Laurent's  earlier  views. 

The  following  table  contains  a  list  of  the  prindpal  substitution-products  derived 
from  naphthalene  W  the  substitution  of  chlorine  or  bromine  or  both  for  the  hydr<^en 
of  naphthalene.  Thejr  are  for  the  most  part  produced  by  treating  the  substances 
given  in  the  table  of  chlorides  and  bromides  with  alcoholic  potash. 


Chhro-  and  Bromo-naphthalenes, 


Chlorcmaphthalene 

Bromonaphthalene 

Dichloronaphthalene 

Dibromonaphthalene 

Trichloronaphthalene 

Tribromonaphthalene 

Bromodichloronaphthalene 


C"H'a 

C"H'Br 

C'«H«C1* 

C"H*Br« 

C"H*C1» 

C"H»Br» 

C"H*BrCl* 


Tetrachloronaphthalene        .  C**H^G1« 
Bromotrichloronaphthalene  .  C^*H*BrGl* 
Dibromodichloronaphthalene  C'«H*Br*Cl» 
Tetrabromonaphthalene        .  C"H«Br* 
Dibromotrichloronaphthalene  C^^'H'BrOl* 
Hexchloronaphthalene  .  G^^H^Ci* 

Perchloronaphthalene  .  G'^Cl* 
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We  than  conmder  briefly  the  mode  of  preparation  of  each  of  the  subetanoes  eniuneEated 
in  the  above  lists. 

Diehloride  of  Naphthalene.  QeTh^rdt'uChlonds  of  Naphthalene,  C^rnHJl*.-- 
Ibis,  the  first  jnodnct  of  the  action  of  chlorine  on  naphthalene,  may  be  prepand 
by  passing  chlorine  over  naphthalene  nntil  the  product  has  passed  through  an  oily 
stage  and  begins  to  become  grannlar.  The  operation  most  not  be  carried  so  fiur  as  to 
chlorinate  all  the  naphthalene.  The  mixture  is  to  be  heated  in  a  dish  for  a  long  time 
to  a  temperature  between  60^  and  60^,  then  dissolved  in  ether  and  oooled  to  — 10^,  and 
the  ethereal  solution  mixed  with  alcohol  and  oil  exposed  to  the  air  until  two-fifths  of 
the  oil  have  been  deposited :  this  oil  contains  the  oily  chloride  of  naphthalene.  The 
third  fifth  may  also  be  collected;  it  is  the  solid  chloride,  C>*H*C1\  in  a  state  of  purity. 

Diehloride  of  naphthalene  is  oily,  soluble  in  all  preportions  in  ether,  but  less  solu- 
ble in  alcohoL  On  distillation  it  decomposes  slowly,  ^ving  off  hydroehlorie  acid, 
and  yielding  chloronaphthalene,  O'^H'CL  With  alcohouc  potash  it  yields  the  last- 
named  substance  and  chloride  of  potassium. 

Diehloride  of  BromonaphthaUne.  C**H^r.Cl'.  Laurenfe  SubehloHde  of 
Bronaphtase.  When  chlorine  is  passed  into  crude  bromonaphthalene,  it  thidcens  and 
deposits  a  crystalline  matter.  Etner  is  poured  on  the  product,  and  the  mixture  is  allowed 
to  remain  for  24  hours.  The  oily  portion  is  to  be  decanted,  and  the  crystalline  powder 
washed  with  ether  and  then  dissolved  in  a  laige  quantity  of  boiling  ether.  By  sponta- 
neous evaporation  the  chloride  of  bromonapthalene  is  deposited  in  small  rhiomboidal 
tables  resemblinff  those  of  diehloride  of  naphthalene.  The  cirstals  are  derived  firom  an 
oblique  prism  with  a  rhombic  base  (Qerhardt,  loo,  eit.y    Melts  at  166^. 

Dibromide  of  Tribromonaphthalene,  C**H'Br'.Bi'.  Subbromide  ofBronavh- 
Use,  Produced,  together  with  dibromide  of  dibromonapthalene  when  dibromonaphtna^ 
lene  is  treated  with  bromine.  On  boiling  the  mixture  with  ether,  the  dibromide 
of  tribromonaphthalene  dissolves,  and  on  spontaneous  evaporation  is  deposited  as  a  floo- 
culent  powder  cons&ting  of  white  microscopic  needles.  It  decomposes  on  distillation, 
giving  off  hydrobromic  add,  a  little  bromine,  and  a  crystalline  matter  yezy  slightly 
soluble  in  ether. 

Tetrachloride  of  Naphthalene.  Gerhardfs  Bichloride  of  naphthalene. 
C'*H*.C1*.  Hydroohloraie  of  ehloronaphtaieee, — This  substance  exists  in  two  isomeric 
modifications. 

Modification  a. — ^When  a  rapid  enirent  of  ehlozine  is  passed  over  naphthalene 
in  rather  large  quantity  (say  one  or  two  pounds)  the  naphthalene  fuses,  hyorochloric 
add  is  disengaged,  and,  if  the  current  be  suiBtained,  the  whole,  after  some  time^ 
begins  to  thicken  again.  The  mixture  at  this  point  contains  oily  diehloride  of  naph- 
thuene,  tetrachloride  of  naphthalene  a,  the  modification  jS,  and  tetrachloride  of  chloro- 
naphthalene,  the  last  two  in  small  quantity.  Ether  is  to  be  poured  on  the  mixture  to 
render  it  more  fluid.  After  repose  for  some  hours  the  oily  portion  is  to  be  decanted  and 
the  residue  thrown  on  a  filter.  After  being  well  drained  the  residue  is  dissolved 
in  benzene  and  allowed  to  cool  very  slowly.  The  tetrachloride  soon  begins  to  cmtallise 
out,  and  if  the  solution  be  tolerablylarge  in  quantity  (half  a  gallon  or  a  gallon)  fine 
rhombohedrons  will  be  deposited.  The  writer  has  sometimes  obtained  them  nearly  a 
quarter  of  an  inch  on  the  side.  They  are  colourless,  transparent  and  exactly  resemble 
ode-spar.    They  also  possess  powerfully  the  property  of  double  refraction. 

This  modification  of  tetrachloride  of  naphthalene  is  inodorous,  insoluble  in  water, 
slightly  soluble  in  alcohol,  moderately  so  in  ether,  but  very  soluble  in  benzene, 
rock-oU  and  analogous  liquids.  It  melts  at  160^  and  solidifies  to  a  crystalline  mass  on 
cooling.  If  a  crystal  be  added  to  the  partially  fused  chloride,  the  whole  will  solidify  at 
about  150^  in  rhombic  tablets.  On  the  other  hand,  if  the  chloride  be  perfedlv  fused 
and  allowed  to  cool  without  addition,  the  mass  sometimes  solidifies  at  160^  in  rhombic 
tables,  and  sometimes  between  100°  and  110°  in  concentric  needles. 

It  is  decomposed  by  distillation,  giving  off  hydrochloric  add  and  an  oily  matter. 
Only  a  trace  of  carbon  (1  or  2  per  cent.),  remains  in  the  retort  The  distillate 
consists  of  a  mixture  of  four  isomeric  forms  of  dichloronaphthalene.  These  products 
are  always  accompanied  by  a  small  quantity  of  undeoomposed  tetrachloride  of  naphtha- 
lene. Alcoholic  potash  converts  it  into  the  two  modifications  e  and  ad  of  diddoio- 
naphthalene. 

Modification  $. — This  variety  of  tetrachloride  of  naphthalene  is  distingnished  from 
a  by  its  solubility  in  ether.  It  is  formed,  as  already  observed,  at  the  same  time 
as  uie  modification  a  when  chlorine  is  passed  over  naphthalene.  It  is  contained 
in  the  oily  portion  rendered  more  fiuid  by  ether  which  has  been  directed  to  be  poured 
off  ttom  the  solid  portion  which  consists  chiefly  of  a.    The  liquid  containing  ether  is 
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to  be  cooled  to  (P  and  kept  at  that  temperatue  for  48  hawm ;  it  will  then  eolidify  to  a 
mass  reeembling  frozen  olive  oiL  The  solid  portion  may  be  collected  on  linen  and 
freed  from  the  mother-liquid  by  preeeure.  The  eoUd  ia  to  be  disaolved  in  ether  con- 
taining about  one-tenth  of  aloohoL  The  solution  left  to  apontaneona  erapontion 
yields  a  cryatalline  mass  containing  both  the  modiilcationa.  The  mass  must  be  well 
pressed,  dissolyed  in  boiling  alcohd,  and  Tery  slowly  cooled.  The  flnt  ciystala  which 
form  will  be  almost  pure  a,  the  rest  of  the  crops  will  be  snocessirely  richer  in  fi.  By 
repeated  aystallistttiona  from  ether  the  latter  may  be  obtained  pore.  Its  purity  may 
be  known  by  its  dissolvins  rapidlv  and  without  residue  in  etoer. — ^It  is  oolonrless, 
inodorous,  veiy  soluble  in  ether,  alcohol,  bensene,  and  similar  hydrocarbons.  It  etystal- 
lises  in  small  lameUa  of  indeterminable  form  which  unite  into  globes  often  of  consi- 
derable diameter.  Submitted  to  distillation  it  givea  off  hydrochloric  acid,  an  oil,  and 
the  modification  o  of  dichloronaphthalene.  Boued  with  alcoholic  potaah  it  yields  an 
oil  and  the  modification /of  di<mloronaphthalene. 

Bromoiriekloride  of  Naphthalene,  C^^.CI'Bt. — ^To  prepare  this  substance^ 
tetrachloride  of  naphthalene  (modification  fi)  is  treated  with  bromine  in  a  doeed  flask  for 
48  hours;  the  mixture  washed  with  warm  alcohol  to  remove  the  excess  of  bromine  and 
undecompoeed  tetrachloride ;  and  the  emde  dichlorobromide  of  naphthalene  purified  by 
cry staUisation  from  boiling  ether.  It  is  colourlees,  more  soluble  in  ether  than  the  modifi- 
cation a  of  tetrachloride  ^  naphthalene^  but  less  soluble  than  the  Tarietj  ^.  It  is  de* 
compoeed  both  by  distillation  and  by  alcoholic  potash. 

Tetrachloride  of  Chloronaphthalene,  Gerhardt's  Biohlortde  of  chloro- 
naphthaUiu,  Laurent's  Chloride  of  chloronavhthaee,  C^'H'CLCl*. — ^This  substance 
may  be  prepared  from  the  tetrachloride  of  naphthalene,  and  like  that  compound  existB 
in  two  dififerent  modifications,  one  being  solid  and  the  other  an  oiL 

8oUd  mod^icatum, — According  to  Gerhardt,  this  is  the  most  remarkable  of  all  the 
naphthalic  chlorides  for  the  siae  and  beauty  of  its  crystals.  It  may  be  prepared  by 
acting  with  chlorine  upon  tetrachloride  of  naphthalene,  but  the  process  is  very  difiBcoll 
A  more  advantageous  plan  is  to  heat  the  crude  dichloride  with  clilorine  gas.  This  is 
the  fluid  portion  which  has  been  directed  to  be  rendered  more  liquid  by  ether  in  order 
to  separate  it  more  readily  from  the  solid  tetrachloride  of  naphthalene  in  Uie  process 
for  the  preparation  of  the  modification  a  of  that  substitpce  (p.  8).  The  ether  is  ex- 
pelled by  heat,  and  chlorine  passed  through  the  oil  for  two  or  three  days.  If  the  fluid 
becomes  too  thick  to  allow  of  the  passage  of  the  gas,  it  must  be  gently  warmed.  A  little 
ether  is  then  added  to  render  the  whole  more  fluid,  and  it  is  left  at  rest  in  a  cool  place. 
A  crystalline  deposit  is  then  formed  perfectly  resembling  the  modification  a  of  tetrachlo- 
ride of  naphthalene  (Gerhardt '  s  bichloriae  of  naphthalene,  C^H'.Cl*).  The  oily  por- 
tion ia  removed  by  decantation,  and  the  deposit  thrown  on  a  filter  and  washed  with  a 
little  ether  to  remove  the  oily  portion  which  adheres  to  it.  The  solid  is  then  dissolved 
in  boiling  ether  and  put  aside  for  several  days  in  a  fiaak  with  a  wide  mouth  merely 
closed  with  a  piece  of  paper.  The  crystals  which  form  are  sometimes  a  mixture  of 
modification  a  of  tetrachloride  of  naphthalene  and  the  tetrachloride  of  chloronaphtha- 
lene. The  aystals  of  the  latter  are  easy  to  recognise  by  their  siae ;  they  must  be  picked 
out  with  forceps  and  redissolved  in  the  ethereal  mother-liquid.  They  may  be  rendered 
perfectly  pure  bv  one  or  two  recrystallisations  from  ether. 

iVoser&s. — Colourless^  transparent,  inodorous,  insoluble  in  water,  little  soluble  in 
alcohol,  yvetby  soluble  in  ether,  more  so  than  the  modification  a  of  tetrachloride  of 
naphthalene.  Melts  at  105^,  and  the  liquid  may  be  cooled  to  64^  without  solidifying ; 
it  then  slowly  assumes  the  form  of  nodules  formed  of  concentric  sones;  the  last  portions 
remain  viscia  until  they  fidl  to  the  ordinary  temperatore.  But  if  after  heating  to  106^ 
OT  110°  a  small  fragment  of  a  crystal  be  added,  the  liquid  czystaUises  rapidly  at  106% 
forming  fine  oblioue  tables  with  a  rhombic  base. 

It  is  entirely  aecomposed  by  distillation,  hydrochloric  add  being  disengaged,  and 
the  two  modifications  a  and  a  of  terchloronaphthalene  formed. — ^&iling  nitric  add 
converts  it  into  chloroxynaphthalic,  phthalic,  and  oxalic  acids,  with  other  products. 

Liquid  modification, — This  compound  ia  the  oilj  substance  which  haa  been  directed 
to  be  removed  by  decantation  from  the  solid  modification  above  described.  Distillation 
converts  it  almost  entirely  into  the  a  modification  of  trichlororonaphthalene  mixed 
with  a  small  quantity  of  an  oily  matter. — Alcoholic  potash  produces  the  same  results. 

Tetrachloride  of  Dichloronaphthalene,  C>*H*C1*.CI^  Laurent's  Perchhro- 
naphihalese. — This  substance  exists  in  three  modifications,  e,  a,  and  x  ;  they  are  pro- 
du"*  d  firom  the  corresponding  modifications  of  dichloronaphthalene. 

Mod^ficatian  c*  To  prepare  this  substance,  the  modification  c  of  dichloronaphthalene 
ia  kq>t  in  f^on  and  treated  with  chlorine ;  no  hydrochloric  add  ia  evolved.  The  pro- 
duct is  to  be  washed  with  ether,  dissolved  in  boiling  ether,  and  crystallised.  It  ia 
colourleas,  inodorous,  not  very  soluble  in  ether,  and  less  so  in  alcohol ;  meltss  at  141°. 
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The  eiystalfl  obtained  by  epontaneoufl  en^ration  of  an  ethereal  eolation  fbrm  brillianC 
oblique  rhombic  priflma.  It  ia  decomposed  by  distillation,  yielding  hydioohloric  add 
and  the  b  modification  of  tetraehloronaphthalene  mixed  with  a  small  portion  of  the  a 
modification  of  the  same  sabstance.    .Aiooholic  potash  giyes  rise  to  the  k  modification. 

Modification  a.  An  oily  Uqnid  obtained  hj  treating  diehloronaphthalene  a  with 
chlorine.  Distillation  and  the  action  of  a  boiimg  solotion  of  alcohohc  potash  equally 
giye  rise  to  tetraehloronaphthalene  a. 

Modification  x.  An  oily  liquid  produced  by  treating  diehloronaphthalene  x  with 
chlorine.  Distillation  oonverts  it  ioto  tetraehloronaphthalene  «.  Aloonolic  potash  gives 
a  similar  product 

Tetrachloride  of  Dibromonaphikalene,  C**H«Br».Cl*.  Laurent's  Chloride  of 
Bronaphihese.  When  chlorine  is  passed  into  ftised  dibromonaphthalene,  a  very  thic^  oil 
is  formed,  which  on  dilution  with  ether  deposits  the  substance  sought  in  the  form  of  a 
crystalline  powder.  It  is  colourless,  only  slightly  soluble  in  alcohol  or  ether.  Melts 
at  about  156^,  and  on  solidifyins  crystallises  in  prisms.  On  distillation  it  gives  off 
bromine,  a  hydiacid,  bromotrichloronaphthalene  jS,  and  tetraehloronaphthalene  a. — 
Alcoholic  potash  tnosforms  it  into  a  subatanoe  crystallising  in  needles  and  soluble  in 
ether. 

Tetrabromide  of  Diehloronaphthalene,  C>*H«Cl*.Br*.  Laurent's  Bromideof 
Chlorotiaphthase. — ^F^pared  by  the  action  of  bromine  on  an  excess  of  diehloronaphtha- 
lene e.  Colourless,  very  slightly  soluble  in  ether.  Melts  a  little  above  100°,  turning 
red  and  evolving  bromine.  When  it  is  heated  until  no  moro  bromine  be  evolved,  the 
modification  c  of  diehloronaphthalene  is  regenerated. 

Tetrabromide  of  Bromoohloronaphthalene,  C'*H*BrCLBr*.  Lauront's 
Bromide  of  Chlorobronaphthase.  Fropared  by  treating  chloronaphthalene  with  bromine. 
An  active  efiforvesoence  ensues,  due  to  the  disenga^ment  of  hydrofaromic  acid.  If 
the  bromine  is  in  excess,  crystals  of  the  tetrabromide  aro  formed  on  repose.  It  is 
purified  by  solution  in  a  large  excess  of  boiling  ether.  On  cooling  it  is  deposited 
in  vexy  small  lustrous  prisma.  Beforo  melting  it  becomes  red  and  gives  off  bromine 
and  hydrobromic  add.  An  oil  romains  behind  which,  like  trichloronaphthalene,  solidi- 
fies on  cooling  in  rectangular  figures  crossed  by  two  diagonals  bristling  with  needles 
parallel  to  each  other. 

Tetrabromide  of  Dibromonaphthalene,  G**H*Br'.Br*.— Gerhardt's  Bibromide 
of  BibromonaphtheUenc—FrepaxeA  bv  pouring  bromine  over  naphthalene  or  dibromo- 
naphthalene. It  is  usually  deposited  after  a  few  hours  aa  a  white  crystalline  powder 
which  may  be  purified  by  washing  with  ether.  It  is  but  slightly  soluble  in  boiling 
ether,  from  which  however  it  is  deposited  on  cooling  in  microscopic  rhombic  tables. 
By  distillation  it  yields  hydrobromic  add,  bromine,  and  tetrabromonaphthalene, 
which  condenses  in  the  neck  of  the  retort — It  is  decomposed  with  difficulty  by  boiling 
alcoholic  potash. 

Tetrachloride  of  Dibromoehloronaphthalene,  C"H»BrK5LCl*. — ^Produced 
by  the  action  of  chlorine  on  tetrachloride  of  dibromonaphthalene.  Melts  at  150^,  and 
on  cooling  crystallises  in  rhombo'idal  tables.  If  heated  a  little  above  its  melting 
pointy  it  remains  soft  and  transparent  on  cooling,  and  only  partially  solidifies,  forming 
an  opaque  mass  without  any  crystalline  appearance ;  if  then  gently  heated,  it  crystal- 
lises in  rhombic  tablets.    It  is  only  sparingly  soluble  in  ether. 

It  decomposes  on  distillation,  yielding  bromine,  a  hydradd,  and  three  other  sub- 
stances, namely  Laurent's  bromochloronaphthalene  B,  a  chloride  or  chlorobromide 
fudble  at  100°,  and  a  small  quantity  of  a  substance  which  orystallises  in  small  opaque 
needles. — A  boiling  solution  of  alcoholic  potash  oonverts  it  into  the  a  modification 
of  dibromotrichloronaphthalene,  C'^H'Br'Cl'. 

Tetrabromide  of  Tribromonaphthalene,  C**H*Br".Br*. — ^To  preparo  it, 
dibromonaphthalene  is  to  be  heated  with  bromine,  and  the  action  finished  in  sunshine. 
It  may  be  purified  by  crystallisation  from  ether.  It  is  but  slightly  soluble  in  ether. 
Its  other  properties  do  not  appear  to  have  been  studied.  By  distillation  it  yields 
bromine  and  a  substance  not  yet  examined. 

Chloro'  and  Bromonaphthalenes, 

Chloronaphthalene,  C*®H'CL  Laurenfs  Chloronaphthalase, — ^Prepared  by  boiling 
diohloride  of  naphthalene  with  alcoholic  potash.  On  adding  water  to  the  product  of 
the  reaction,  an  oil  separates  which  ma^  be  purified  by  distillation.  It  may  also  be 
prepared,  but  not  advantageously,  by  distilling  dichloride  of  naphthalene. 

It  is  oily,  colourless,  soluble  in  fdl  proportions  in  ether ;  distils  without  change ;  is 
not  attacked  by  potash. 

Decomposed  by  bromine  with  effervescence,  yielding  hydrobromic  add  and  tetiabro- 
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mida  of  bromochloronaphthaleiie,  CP'H'BrOl^z^.  Chlorine  oonverts  it  into  a  peculiar 
oil  which  jields  the  a  modification  of  trichloronaphthalene  when  treated  with  potash. 
Chlorine  with  aid  of  heat  converts  chloronaphthalene  into  tri-  or  tetrachloronaphtoalene. 
JSromonapkthalen0f  C**WBr. — Prepared  bj  the  action  of  bromine  on  naphtha- 
lene, aroiding  excess,  which  wonld  cause  the  formation  of  dibromonaphthalene.  It  is  a 
colonrless  oil  which  distils  without  alteration.  Unaltered  bj  an  alcoholic  solution  of 
potash.  Chlorine  combines  with  it^  yielding  dichloride  of  bromonaphthalene,  C**H^Br.Cl'. 
Bromine  converts  it  into  dibromonaphthalene  and  other  brominated  products. 

J)iehloronaphthalene,  C^'H^Cl*. — ^This  substance  ezistSi  according  to  Laurent,  in 
seven  different  modifications,  namely  a^e^ad^e,  /,  «,  and  y.  [The  letters  adopted  as 
distinctive  marks  by  Laurent  have  reference  to  certain  properties  which  the  substances 
bearing  them  have  in  common ;  thus  the  bodies  marked  a  are  always  soft ;  the  only  one 
marked  b  happens  to  be  brittle  {ctusant) ;  those  marked  c  are  always  in  needles  of 
113^  or  thereabouts ;  those  marked  e  are  in  needles  of  94°,  and  so  on.  The  reason 
for  the  adoption  of  these  special  letters  does  not  seem  to  have  been  made  public] 
The  modifications  a,  c,^  and  x,  are  obtained  by  distilling  the  alpha  modification  ox 
tetrachloride  of  naphth^ene;  ad  and  e  by  treating  the  tetrachloride  with  potash ;  and 
another  y  by  submitting  dinitronaphthalene  to  the  action  of  chlorine. 

The  fwlowing  table  exhibits  the  principal  properties  of  these  substances. 

JHsUnetive  Ckaraoters  of  the  DicMoronaphthaierua, 
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A  liquid. 

Dibromonaphthalene,  C>*H*Br*.— Prepared  by  the  action  of  bromine  on  naphtha-^ 
lene  or  bromonaphthalene ;  it  may  be  purified  by  crystallisation  from  alcohol.  Long 
needles,  inodorous,  very  soluble  in  alcohol  and  in  ether.  Melts  at  69°,  and  crystallises 
on  cooling  into  a  fibrous  mass.  It  is  volatile  without  decomposition,  and  is  not  attacked 
by  potash.  Bromine  acts  on  it,  giving  rise  to  several  compounds. — ^Fuming  sulphuric 
add  forms  dibromosulphonaphthalic  acid. 

Trichloronaphthalene,  C>fHK?l'. — ^According  to  Laurent,  there  are  no  fewer 
than  seven  isomeric  modifications  of  this  substance.  It  will  be  quite  unnecessary  to 
do  more  than  quote  the  table  on  page  12,  giving  their  principal  properties. 

Tribromonaphthalene,  CH^Br*. — Obtained  by  heating  an  excess  of  bromine 
with  dibromonaphthalene.    Fine  yellow  needles.    Melts  at  60^,  and  sometimes  does . 
'not  solidify  untu  cooled  to  the  temperature  of  the  air. 

Bromodiehloronaphthalene,  C^H^BrCl^ — Several  grammes  of  the  modifi- 
cation ad  of  dichloronaphthalene  are  to  be  mixed  in  a  fiask  imperfectly  dosed, 
with  a  slight  excess  of  bromine.  Hydrobromic  add  is  evolved,  which,  with  the 
excess  of  limine,  may  be  removed  by  washing  with  a  few  drops  of  alcohol  and  a 
litde  ammonia.  The  residue  is  to  be  dissolved  in  boiling  alcohol.  On  cooling,  the 
bromodiehloronaphthalene  deposits  in  fine  needles.  The  unattacked  dichloronaphtha* 
lene  remains  in  tiie  alcoholic  solution. 

This  substance  is  colourless,  tolerably  soluble  in  alcohol,  very  soluble  in  ether ;  and  of 
the  consistence  of  vrax.  Crystallises  by  spontaneous  evaporation  of  its  ethereal  solution 
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DisHncHve  characters  of  the  seven  varieHee  of  TVichtorotu^hihalene, 
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in  idz-sided  needles  with  angles  between  120°  and  121^.    Melts  abont  80°.    Distils 
without  decomposition. 

TetraohloronapkthaUne,  G**H*C1\  exists  in  four  different  modifications. 
Dieimeiive  eharacUre  of  the  TBtraekloronaphthalenes, 
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BromotrichloronaphtkaUne,  C**B*BtOl\  exists  in  three  different  modifica- 
tions, a,  3,  7- 
Modification  a  ia  prepared  by  the  action  of  bromine  on  the  modification  a  of  trichlo- 
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lonapbthalfina.  It  fimns  eolonrleoB  six-^ided  pziamB  iritli  ao^ei  ■■  117^  SO*,  and  two 
n  125®.  Soft  like  wax.  After  ftudon  it  cEystaUises  in  microeoopic  roeefcte«  between 
105**  and  10d°.    Volatile  withont  deoompoeition. 

Modificaiion  fi  ia  prepared  by  the  action  of  bromine  on  diehloronaphtbalene.  It  is 
like  the  a  modification  of  tetrachloronaphthalene^  except  that  the  cirstala  are  better 
defined.  CiystaUises  in  six-sided  prisms,  with  fbnr  an^es  «- 120®  30  and  two  »  119®. 
It  ia  of  the  oonaistenoe  of  wax,  and  after  fhsion  solidifies  at  about  100®  in  microeeopio 
rosettes. 

ModifieaHon  y  is  prepared  by  distiUation  of  tetrachloiide  of  dibromonapbthalene, 
C**HfBr'.CI^  Dazing  the  operation  bromine  and  the  Tapoors  of  hydrobromie  and 
hydrodiloric  adds  are  disengaged.  The  reeeiver  oontains  a  nuxtnre  of  trichlnro- 
naphthalene  (modification  a)  and  the  y  modification  of  bromotrichloronaphthalene. 
The  first  may  be  removed  by  solution  in  ether,  a  white  powdn  then  remaining  which 
on  treatment  with  a  large  quantity  of  boiling  ether,  dissofyes,  and  separates  on  sponta- 
neous evaporation,  in  small  brilliant  prisma. 

Oblige  prisms  with  obliqne  basM,  the  angles  of  the  sides  beine  102®  30*,  and  the 
inclination  of  the  base  to  the  sides  being  101®  and  103®.  Yezy  slightly  soluble  in  ether 
and  in  boiling  aloohoL    YolatOe  without  decomposition. 

I)ibromodiekloronaphthalen€,C^*WB!^(AK'~ThneKn,moooacd^ 
two  isomeric  modifications,  a  and  fi. 

Modification  a. — ^Rrepared  b^r  treatinff  the  yariety  /  of  dicUoronaphthalene  with 
bromine;  Hydrobronuo  add  is  then  disengaged,  and  in  a  few  minutes  the  fiuid 
solidifies  in  needles,  which  are  to  be  washed  with  cold  ether  and  dissolred  in  a 
Teiy  small  quantity  of  hot  ether.  "By  slow  eraporation  the  substance  is  deposited  in 
■mall  but  brilliant  doubly  oblique  pnsms,  haying  the  angles  of  the  fiuses  *-  101®  80' 
to  102®  60*  and  101®  16'.  It  melts  at  170®,  and  erystallisea  on  cooling  in  fiat 
needles. 

ModipeoUfm  fi, — ^Prepared  by  treatinff  dLbramonaphthalene  with  chlorine.  Doubly 
oblique  prisms,  melting  at  166®  and  distfiling  without  alteration.  Solidifies  on  cooling 
into  a  fibrous  mass.    Yeiy  shgfatiy  soluble  in  ether  or  boiling  aloohoL 

Tetrabromonaphthalenef  C**H*Br\  appears  to  exist  in  two  isomeric  modifica- 
tions. When  tetrabromide  of  dibromonaphthalene  is  distilled,  hydrobromie  add  and 
bromine  are  disengaeed,  and  a  white  matter  distils,  which  contains  two  substances. 
To  separate  them,  Uiey  are  first  washed  with  ether  and  then  introduced  with 
more  ether  into  a  strong  glass  tube,  which,  after  being  dosed  at  the  lamp,  is  to  be 
heated  to  100®  in  a  water-bath.  On  ooolinff,  the  tube  is  to  be  opened  and  the 
substances  remoyed.  One  crystedlises  in  short  brilliant  prisms,  and  the  other  in  yezy 
fine  needles.    They  may  easily  be  separated  mechanically. 

Tetzabromonaphthale&e  orstallises  in  obliqne  prisms  with  oblique  base,  in  all 
respects  resembling  those  of  the  b  modification  of  tetrachloronaphthalene.  Soluble  in 
alcohol  and  ether.  They  distil  without  alteration  and  resist  the  action  of  potash. 
The  needles  are  probably  tetrabromonaphthalene  a;  they  are  elastic,  brittle,  and  yeiy 
slightly  soluble  in  ether. 

JDibromotriehloronaphthalene,  CP'H^i'Cl'. — ^This  substance  also  exists  in 
two  isomeric  modifications. 

Modificaiion  a  may  be  prepared  by  boiling  tetrachloride  of  dibromodoronaphthalene 
(CH'Bz'CLCl'')  with  alcohoUc  potash.  A  white  powder  is  obtained  which  may  be 
dissolyed  in  a  yeiy  large  quantity  of  boiling  ether  or  benzene.  The  crystals  can  be 
obtained  by  spontaneous  eyaporation.  BriSiant  prisms  belongins  to  the  triclinio 
system.  After  farion  it  crystallisee  at  166®  in  long  prisms.  Volatile  without  decom- 
position.   Unacted  on  by  potash. 

Modyicaiion  /3,  prepared  by  the  action  of  bromine  on  tetrachloride  of  naphthalene 
in  sunshine^  is  a  white  powder  almost  insoluble  in  ether,  fadble,  and  crystallising  on 
cooling  in  rectangular  parallelograms  crossed  by  two  diagonals. 

Sexekloronaphthalene,  CH'Cl',  is  prepared  by  the  prolonged  action  of 
dilorine^  aided  by  heat,  on  the  alpha  modification  of  trichloronaphthalene.  If  the 
product  contains  perchloronaphthalene,  it  may  be  purified  by  means  of  ether,  in  which 
the  latter  substance  is  oomparatiyely  insoluble. 

Six-sided  prisms  with  angles  of  120®.  Of  the  consistence  of  wax,  and  may  be  bent 
withont  difficulty.  Dissolyes  in  about  20  times  its  weight  of  ether.  Scarcely  soluble 
in  alcohol,  but  very  soluble  in  benzene.  After  fnsion  it  solidifies  at  143®  in  microscopic 
rosettes.  Volatile  without  decomposition,  and,  like  its  congeners,  unattacked  by 
potadi.  Even  sulphuric  acid  dissolves  only  a  yezy  small  quantity.  It  is  with 
difficulty  attacked  by  boiling  nitric  add,  which  however  finally  transfoims  it  into  per- 
ehbroxinaphthyl,  C'«a«0*. 

Perchloronaphthalene,  OHJi*. — Prepared,  like  the  last  substance,  by  the  pro- 
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longed  action  of  chlorine  on  alpha-trichloronaphthaleno  kept  in  ftision.  The  hez- 
chloronaphthalene  may  be  removed  by  ether  and  the  perchloronaphthalene  may  be 
obtained  from  the  residue  by  boiling  it  in  benzene  or  petroleum. 

Pale  yellow  needles,  or  veiy  brittle,  four-sided  prisms,  of  which  the  angles  are  1 1 2^  30', 
and  67*^  3(y.  Very  slightly  soluble  in  ether,  eyen  on  boiling.  Volatile  without 
decomposition  and  unattacked  by  potash. 

In  addition  to  the  above  chlorine  and  bromine  compounds^  Laurent  has  described  a 
number  of  substances  containing  fractional  parts  of  atoms  pf  chlorine,  bromine,  and 
hydrogen.  Many  of  these  substances  appear  to  be  mixtures,  but  others  have  remsted 
ail  em)rt8  to  separate  them  into  bodies  having  more  satisfiictory  formuls.  It  ia 
however  observable  that  the  substances  may  be  traced  to  the  parent  hydrocarbon  by 
adding  the  fractional  atoms  together ;  thus  Laurent's  hrofnide  of  bronaphthine  is  repre- 
sented by  the  formula  C'*H*'*Br'**Br\  Now  since  5*5  +  2*5  «  8,  the  hydrogen  is 
all  accounted  for,  and  the  substance  would  appear  to  be  tetrabromide  of  naphthalene, 
in  which  2*5  atoms  of  hydrogen  are  replaced  by  2*5  atoms  of  bromine.  It  will  not  be 
necessary  to  do  more  than  nve  Uie  following  list  of  substances  described  by  Laurent 
containing  fractional  formu^    The  names  are  those  of  Laurent. 


Bronaphthine 

Bromide  of  bronaphthine 

Chloride  of  chloronaphtane 

Chlorophtone  F    . 

Chlonaphthalane  ▲ 

Ghlorebronaphtine 

Bromide  of  ehlorebronaphtine 

Chlorenbronaphtone  B 

Bromenchlonaphtose  A 

Bromanchlonaphtone  A 

Bromoohlonaphtune  B 


C'^H'-'Br*-* 

C"H»*»Br»**.Br* 

CioHT^H.Cl* 

C"H**H:J!" 

C'«H"H*** 

C"H**»Br*K:i" 

C'"H»**Br«-H}l» 

C»H**BrKn'** 

C"H*Br»**Cl" 

C"H***Br*»Cl« 

C'BrCl'-'H'-* 


Laurent^s  vowel  system  of  nomenclature  can  only  be  applied  with  difficulty  to  such 
combinations  as  the  above. 

Chloronaphthalio  aeidf  C^*H'C10'.  When  tetrachloride  of  chloronaphthalene 
is  boiled  with  nitric  add,  and  ether  poured  on  the  oil^  product^  chloride  of  chlorozy- 
naphthalene  is  precipitated,  and  may  then  be  boiled  with  alcoholic  pota^  in  which  it 
is  completely  soluble.  On  diluting  with  a  small  quantity  of  water  and  neutralising 
with  an  acid,  chloronaphthalic  add  crystallises  out  on  cooling  (Laurent^.  Accord- 
ing to  Wolff  and  Stredcer,  this  process,  instead  of  yielding  the  ordinary  yellow  barium- 
salt,  sometimes  gives  a  purple-rod  sal^  possibly  of  a  more  highly  chlorinated  chloro- 
naphthalic add. 

The  add  forms  long,  yellow,  transparent  needles,  unaffected  by  exposure  to  the  air. 
Melts  about  200^,  and  on  cooling  crystallises  in  laminm.  Distils  without  decomposition. 
Has  the  same  formula  as  chloroalizarin. — ^Nitric  add  converts  it  into  phtbalic  and 
okaIIc  adds. — ^It  is  not  reduced  to  alizarin  by  potassium-amalgam  or  by  the  voltaic  battery. 

CkloronaphthaUtie  of  ammonium  forms  radiated  crimson  needles.  The  potasmum-salt 
forms  carmine  coloured  needles,  containing  when  dried  at  100°,  18*07  per  cent.  K*0.  The 
bariwn'Salt,  C^'HKHBaO',  prepared  by  predpitating  a  solution  of  the  ammonium-salt 
with  chloride  of  barium,  crystallises  in  orange-colov^ed  silJ^  needles.  The  atrontiun^ 
saU  forms  orange-yellow  needles;  the  caleium-Mlt,  orange-coloured  needles.  The 
tUumimum-Mlt  is  an  orange-coloured  predpitate ;  the  cadmium-salt  is  a  vermiUion- 
coloured  precipitate  which  under  the  microscope  appears  in  cruciform  crystals;  the 
cobalt-'Mlt,  a  crimson  precipitate  becoming  brown  on  drying,  vermillion-ooloured 
under  the  burnisher.  The  copper'Salt  is  a  crystalline  crimson-coloured  predpi- 
tate ;  the  ferric  and  ferrous  salts  are  brown  precipitates ;  the  Uad-sait  a  gelatinouB 
orange-red  predpitate;  the  silver-salt  a  gelatinous  blood-red  predpitate.  When  pre- 
pared with  heat,  it  forms  a  carmine-coloured  crystaUine  precipitate.  Mercury-salts.  With 
solution  of  corrosive  sublimate,  a  solution  of  chloronaphthfdate  of  ammonium  gives  a 
reddish-brown  predpitate. 

Chloronaphthalic  add  almost  rivals  turmeric  and  litmus  in  its  sensibility  to  the 
presence  of  alkalis.  Paper  stained  with  an  alcoholic  solution  (very  dilute),  if  exposed  to 
ammoniacal  vapours,  instantly  assumes  a  more  or  less  deep  red  colour. 

Jfitro-oompounds  of  Naphthalene, 

Nitronaphthalene,  C^'H'NO*.  Preparation. — ^By  far  the  most  convenient  method 
of  preparing  nitronaphthalene  is  to  expose  naphthalene  to  the  prolonged  action  of  cold 
nitric  add  of  moderate  strength.    For  this  purpose  the  hydrocarbon  in  small  pieces  or 
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djstalfl  IB  to  be  jklaeed  on  the  mxrCbceof  nitrieaeid,  of  spedflognTity  1*88.  Large shal* 
low  eTaporatmg  baone  are  the  meet  aoitable  Tessek  for  the  purpose.  Six  pts.  nitrio 
add  will  suffice  to  conrert  1  pt  of  naphthalene.  After  exposure  for  some  time,  it  will 
be  found  that  the  naphthalene  has  fuised  into  a  cake.  It  may  then  be  cut  with  a  piece 
of  sheet  glass  or  a  platinum  knife  into  small  pieces  which,  aner  draining  on  a  funnel, 
may  be  broken  up  in  a  mortar  and  returned  to  the  acid.  This  is  to  be  repeated  as  often 
as  the  mass  becomes  caked,  about  a  week  being  rfquired  to  complete  the  process.  No.  red 
Tapours  of  any  consequenee  are  eyolved,  and  there  are  no  secondary  products  formed. 
When  the  action  is  completed,  the  product  is  to  be  broken  small  and  orained  on  a  fun- 
nel until  no  more  acid  liquor  falls.  It  may  then  be  washed  with  oold  water.  The  final 
purification  may  be  effected  by  one  or  two  crystallisations  from  boiling  methylated  spirit. 
By  this  process  eyen  hundredweights  may  be  prepazed  with  the  greatest  ease. 

iVoperties.— Pale  yellow  prismatic  needles  aenyed  f^!Om  prisms  of  100^  and  80^,  the 
acute  angles  being  truncated.  Melts  at  43°,  the  temperatiu^  rising  to  549  at  the  mo- 
ment of  solidification.  Volatilises  almost  without  decomposition,  if  carefoUy  heated. 
If  the  heat  be  applied  rapidly,  it  decomposes  with  ignition  and  deposition  of  carbon. 

Deeomvotitioiu. — 1.  Femms  acetaU  reduces  it  to  nwhthylamine,  as  slso  does  sui' 
fJdde  of  amnumium  (see  Napbthtlaioiib). — 2.  Sulphite  of  ammonium  oonyerts  it 
into  naphthionic  and  thionaphthamic  acids. — 8.  Heated  with  7  or  8  times  its  weight  of 
hydraU  of  calcium  or  barium^  it  yields  Laurent's  naphtase. — 4.  (Ohlorine  aided  by  heat 
conyerts  it  into  an  oil  which,  when  treated  with  potash,  yields  the  a  modification  of  tri- 
chloronaphthalene,  or  sometimes  tetrachloronaphthalene. — 5.  Bromine  aided  by  heat 
^elds  hydrobromic  acid  and  dibromonaphthalene. — 6.  Fumina  eulnhurio  acid  conyerts 
it  into  nitrosulphonaphthalic  add. — 7.  Heated  in  a  water-batn  with  a  part  of  2  pts. 
hydrate  potassium  and  1  pt  fi^sh  hydrate  of  cdciMm^  as  little  water  sjb  possible  being 
used,  it  decomposes  completely,  yielding  the  potassium-salt  of  nitrophthaHc  add.—* 
8.  When  it  is  heated  in  a  retort  with  hydrate  of  potassium  and  slaked  Hme  to  a  tempe- 
rature of  140°,  and  oxygen  passed  oyer  it,  the  gas  is  slowly  absorbed  and  the  mixture 
becomes  yellow.  The  operation  takes  ten  or  twelye  hours,  at  the  end  of  which  time 
the  oxidation  of  the  mtronaphthalene  is  almost  complete.  The  alkalis  haye  then 
entered  into  union  with  a  substance  which  Dusart  calls  nitroxynaphthalic  add.    (See 

NrrBOXTNAPBTHAIilC  ACXD.) 

Linitronaphthalene,  G**H'NK)^ — ^Naphthalene  or  nitronaphthalene  may  be 
conyerted  into  this  compound  by  lonff  boiling  with  nitric  acid.  The  operation  is  to 
be  continued  until  the  oily  layer  solidifies  entirely  on  cooling,  the  product  being 
washed  on  a  ^ass  funnel  with  water,  and  crystallised  from  alcohol.  It  forms  yeiy 
small  needles  which  crystallise  f^m  a  solution  in  nitric  add  in  rhombic  prisms  of  67° 
and  113°.  Melts  at  185^,  and  maybe  sublimed  in  small  needles.  Wnen  suddenly 
heated,  it  decomposes  yiolently,  with  ignition  and  depodtion  of  carbon.  By  prolonged 
boiling  it  is  conyerted  into  tnnitronaphthalene.  Chlorine  produces  di-  and  trichloro- 
naphthalene.  Sulphide  of  ammonium  conyerts  it  into  seminaphthylamine.  A  feebly 
ammohiacal  boiHng  solution  is  reduced  by  sulphide  of  hydn^^  to  ninaphthylamine 
(Wood).  Its  alcoholic  solution  is  conyorted  into  nitrosonapnthylin  in  contact  with 
ginc  BxA  ^drochlorie  acid.    (Perkin  and  Church.) 

Trinitronaphthalene,  CH'N'O*. — This  compound  exists  in  three  forms,  a,  $ 
and  y. 

Mod^fieaiian  a. — ^When  naphthalene  is  boiled  for  a  day  or  two  with  strong  nitric  add, 
ookmrleos  crystals  are  formed  which  are  a  mixture  of  dinitronaphthalene  and  trinitro- 
naphthalene,  a  and  fi.  The  dinitronaphthalene  and  a  substance  called  by  Laurent  nitro- 
naphihcdase  may  be  remoyed  W  ether.  The  residue  is  to  be  boiled  with  only  enough 
alcohol  to  dissolye  half  of  it.  By  spontaneous  eyaporation  the  trinitronaphthalene  a 
win  be  obtained  mixed  with  needles  which  may  be  remoyed  by  agitating  the  liquid  and 
pouring  off  the  suspended  crystals. 

Bhombic  tablets,  pale  yellow,  inodorous  and  only  yery  slightly  soluble  in  boiling 
alcohoL  Volatile  without  decomposition  when  carefVdly  heatec^  but  decomposing  with 
yiolence  when  heated  rapidly.  Melts  at  210°,  and  solidifies  into  a  fibrous  mass  on 
cooling. 

Chlorine  first  turns  it  red  and  then  decomposes  it.  Alcoholic  potash  in  solution  eyolyes 
ammonia,  yielding  a  red  solution  from  which  adds  predpitated  brown  or  black  fiocks. 

Modification  fi. — The  residues  of  the  preparation  of  modification  a  are  to  be  mixed, 
and  boiled  with  nitric  add  for  5  or  6  days.  On  cooline  needles  are  obtained  which  are 
to  be  washed  first  with  nitric  acid,  then  with  water,  and  finally  with  alcohoL  They  are 
colourless  at  first,  but  become  yellow  by  exposure;  melt- at  215°;  decompose  with 
ignition  when  heated  in  dose  yessels ;  Very  slightly  soluble  in  boUing  alcohol  or  ether, 
lees  so  in  &ct  than  any  other  of  the  nitronaphthalenes. 

Boiling  alcoholic  potash  turns  the  compound  orange-red  at  first,  then  brown.    Adds 


16  NAPHTHALENE. 

precipitato  from  the  alkaline  eolation  a  brown  enbetance.  Bofling  nitrie  add  decom- 
poeee  it  aooording  to  Laurent,  which  ie  etrange,  considering  its  noie  of  fonnation. 

Modification  y,  called  also  Martffnatfa  TrinitronaplUhaleM.  This  snbstanceeonstitntes 
the  chief  part  of  the  insoluble  residue  remaining  when  dinitronaphthalene  is  pie- 
pared  by  boiling  naphthalene  with  nitrie  add  without  the  aid  of  Aiming  sulphuric  add. 
^  This  reddue  is  to  be  washed  with  water  and  eartraeted  by  cold  ether  which  diBsolves 
the  trinitronaphthalene  7,  and  yields  it  on  CTaporation  as  an  adhedye  resinous  mass. 

It  is  pale  yelloWp  OTStaUises  in  a  pulverulent  form  firam  a  solution  in  boiling  alcohol. 
Mdts  Mow  100^.  Almost  insoluble  in  boiling  ether,  and  only  spsringly  soluble  in 
boiling  aloohoL  When  carefhlly  heated  it  subluies,  but  if  the  heat  be  applied  rapidly 
it  decomposes  with  explosion.  Solutions  of  the  caustic  and  carbonated  alkalis  dissolye 
it  with  a  fine  red  colour,  the  solution  gradually  becoming  black.  From  the  alkaline 
solution  adds  predpitate  brown  flocks,  hadnft  according  to  Marignac,  the  fbimida 

Laurent  has  described  seyeial  other  compounds  derived  from  the  nitronaphthalenes 
by  substitution  of  one  or  more  atoms  of  hydrogen  by  bromine  and  chlorine ;  they  are 
not  howerer  of  any  yeiy  special  interests 

Bulfhmo  derivoHwi  0/ Naphthalene, 
For  the  numerous  products  of  the  action  of  sulphuric  add  upon  naphttialene,  see 

SULPHONAFSTBAUO  ACID. 

Prodticte  of  oxidation  of  Naphthalene, 

The  following  products  of  oxidation  of  naphthalene  will  be  found  under  their  pro- 
per headings^  IupbtkalasBi  Naphtsbsic  Acid,  NAFHTHUumr. 

Ueee  of  Naphthalene. 

The  enormous  quantities  of  naphthalene  which  are  produced  during  the  distillation 
of  coal-tar  are  seldom  or  never  extracted  from  the  'pitch  oil.'  Ghreat  efibrts  have 
been  made  to  find  a  use  for  it,  but  none  have  been  entirely  suocessAil.  Lamp  black 
is  sometimes  prepared  by  condensing  the  dense  smoke  wnich  burning  naphthalene 
evolves. 

A  French  surgeon,  M.  Emery,  has  employed  naphthalene  in  the  treatment  of  certain 
skin  diseases,  tie  tried  it  on  fourteen  patients  in  the  hospital  of  St.  Louis,  and 
twdve  were  cured.  In  the  two  cases  which  failed  one  was  a  woman  80  yean  of  age, 
who  had  been  afflicted  for  eiffht  years  with  psoriaeis  gyrata  ;  the  other  was  a  young 
man  who  had  suiTered  for  eight  years  with  Ifpra  wdgaria.  The  latter  case  was  cured 
by  a  two  months'  course  of  pitch  ointment  The  mode  in  which  M.  Emeiy  applied  the 
naphthalene  was  in  the  form  of  ointment  in  the  st-rength  of  38s  to  5i  of  lard.  The  in- 
flammation which  sometimes  supervenes  must  be  combated  bv  poultices. 

Great  efibrts  have  also  been  made  to  produce  fiast  colours  nom  naphthalene,  but  up 
to  the  present  time  the  results  have  not  been  successful.  There  is  no  doubt  whatever 
that  in  a  few  years,  perhaps  in  a  few  months,  the  difficulties  in  the  way  of  utilising 
naphthalene  will  be  overcome. 

The  action  of  reducmg  agents,  such  as  zinc  and  hydrochloric  add,  upon  dinitronaph- 
thalene  gives  rise  to  nitrosonaphthylin,  a  beautiful  colouring  matter.  The  same  com- 
pound also  afibrds  colours  when  heaAed  with  stannous  chloride  and  cyanide  of  potaasium. 
The  dose  relations  which  appear  to  exist  between  the  formulsB  of  aliaarin  and  some  of 
the  derivatives  of  naphthalene  have  long  led  to  a  hope  of  the  artificial  fonnation  of 
the  former  substance.  Indeed  M.  Boussm,  by  redudng  dinitronaphthalene  with  sul- 
phuric add  and  sine,  produced  a  colouring  matter  which  was  for  some  time  considered 
to  be  alizarin ;  subsequent  researches  however  showed  that  the  oondndons  which  had 
been  formed  regarding  M.  JEU>ussin's  substance  were  too  hasty.  In  fiu!t  naphthazarin 
yidds  only  sombre  shades,  which  have  not  been  found  of  industrial  importance. 

The  beautiful  substance  obtained  by  Messrs.  Perkin  and  Church  by  acting  upon  a 
salt  of  naphthylamine  with  nitrite  of  potassium,  and  to  which  they  have  given  we  name 
of  asodinaphthyldiamine  (see  Nafkthxlaxznb),  vidds  superb-coloured  derivatives,  some 
of  which  can  easily  be  applied  to  tissues ;  they  have  not  yet  however  been  successfully 
fixed.  0.  G.  W. 


f  Syn.  wi 


with  NAFHTHAUOra. 


and] 
Syn.  with  Ctanatb  and  Sxtlphoctanatb  of  Naphthtl  (p.  19). 

Syn.  with  Oxtnaphthtlakikb. 
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ACXDm  C^S^C^,  Preparation, — ^Aoooiding  to  Lauirtnt,  when 
naphthalene  is  treated  with  acid  cfaromate  <n  potaannm,  water,  and  sulphuric  acid, 
a  violent  reaction  takes  place  and  naphthesio  add  (and  sometimes  a  rose-coloured 
Bubetanoe,  earminapktkone  O*H*0^  ?)  is  formed.  The  mass,  after  the  reaction  is  over, 
is  to  be  treated  wiui  water  and  thrown  on  a  filter.  The  solution,  after  the  lapse  of  a 
considerable  time  (two  months),  deposits  crystals  of  chrome-alum,  which  in  time  become 
covered  with  white  waity  grannies.  The  latter  are  to  be  dissoWed  in  alcohol,  and  the 
solution  after  filtration  is  to  be  oTaporated,  when  the  naphthesic  add  will  remain  as  a 
crystalline  mass. 

Properties. — ^Rhombic  needles  of  58°  and  122°.  Melts  below  100°  and  may  be 
sublimed  at  a  higher  temperature.    Soluble  in  alcohol,  almost  insoluble  in  water. 

C.  G.  W. 

WAVBTBIOSXC  ACm,  G>«H*N.SO'.  Sulpkanapktkalidamie  acid.  (Piria, 
Ann.  Chim.  Phys.  [3]  zxzi.  217;  Gm.  xiy.  110 ;  Gerh.  iil  469.) 

Pre^raiiofL — One  part  of  nitronaphthalene,  after  being  washed  with  water  until 
the  nitric  add  used  in  its  preparation  is  removed,  is  warmed  with  6  parts  of  alcohol 
until  dissolved ;  and  6  parts  of  solution  of  sulphite  of  ammonium,  specific  oravity 
1*24,  are  added.  The  mixture,  if  ke^t  gently  boiling,  deposits  aad  sulphite  of 
ammonium,  and  acquires  an  add  reaction.  Carbonate  of  ammonium  in  powder  in 
then  to  be  added  until  the  add  reaction  disappears.  After  boiling  a  short  time 
the  add  reaction  again  becomes  apparent,  and  must  be  destroyed  as  before.  The 
boiling  is  continued  until  no  turbidity  is  observed  on  edding  a  drop  of  the  liquid 
to  water.  The  liquid  forms  two  strata,  the  upper  oontaininff  thionaphthamate  and 
naphthionate  of  ammonium,  and  the  lower  sulphite  and  sulphate.  The  upper  layer 
is  to  be  separated  and  evaporated  over  a  lamp  to  an  oily  consistence  and  then  put 
aside.  After  some  time  it  becomes  converted  into  a  mass  of  oranpe-yeUow  crystals  of 
Uiionaphthamato  of  ammonium.  The  mother-liquid,  whidi  contains  the  naphthionate 
of  ammonium,  is  heated  to  100°  and  mixed  with  hydrochloric  add,  which  precipitates 
the  naphthionic  add.  It  is  now  to  be  washed  with  water  and  witib  alcohol,  until  the  liquids 
come  away  colourless.  The  naphthionate  of  ammonium  is  then  to  be  converted  into 
a  caldum  or  sodium-salt,  which  may  be  purified  by  repeated  crystallisations ;  and,  when 
it  has  become  colourless,  it  is  once  more  dissolved  in  water  and  predpitated  by  a 
slight  excess  of  hydrochloric  add.  The  acid  thus  precipiteted  is  washed  with  water 
^d  then  with  alcohoL  As  moist  naphthionic  add  is  easily  altered  by  oontect  with 
air,  it  is  necessary  that  the  water  used  for  washing  it  be  freed  from  air  by  prolonged 
ebullition. 

Properties. — ^As  predpitated  ftom  a  warm  solution,  naphthionic  add  forms  small 
light  colourless  crystals  resembling  asbestos.  It  is  tasteless  and  inodorous ;  reddens 
litmus  paper.  It  is  only  slighUy  soluble  in  water,  2000  parts  of  the  latter  dissolving 
only  1  part  at  ordinary  temperatures.  It  is  only  slightlv  soluble  in  alcohol.  It 
completely  saturates  alkalis,  but  ite  salts  with  heavy  metals  have  an  acid  reaction.  It 
evolves  acetic  add  from  acetates  even  at  ordinazy  temperatures.  The  crystab  are 
rendered  anhydrous  by  a  temperature  of  100°. 

Decompositions. — 1.  Heaiea  on  platinum,  it  bums  and  evolves  sulphurous  acid,  giving 
off*  an  inflammable  vapour  having  an  odour  recalling  that  of  bitter  almonds;  it  leaves  a 
large  carbonaceous  residue. — 2.  moist  naphthionic  acid  is  decomposed  by  exposure  to 
the  air. — 3.  It  is  not  decomposed  by  boiling  with  concentrated  hydrochloric  acid. 
— 4.  Concentrated  sulphuric  acid  dissolves  it  with  the  aid  of  heat.  The  solution  is 
transparent  and  colourless;  it  may  be  heated  to  nearly  200°  without  decomposition,  but 
about  220°  it  begins  to  blacken  and  give  ofif  vapours  of  sulphuric  acid. — 6.  Con- 
centrated solution  of  hydrate  of  sodium  does  not  attack  it — 6.  Dilute  nitric  acid  is 
without  action  on  it^  but  when  concentrated,  espedally  if  it  contains  nitrous  acid,  it 
converts  it  into  a  brown  resin. — 7*  Chlorine  passed  into  a  solution  of  a  naphthionate 
turns  it  brown  and  predpitetes  a  resinous  substenoe. — &  Jcid  ehromate  of  potassium 
aided  by  heat  acte  like  chlorine.  The  presence  of  sulphnrio  add  accelerates  the  decom- 
position. 

Salts  op  Kaphthionio  Acm. — The  naphthionates  are  all  soluble,  and  crystallise  easily 
from  a  solution  in  weak  alcohoL  Solutions  of  naphthionates  are  opalescent,  and  when 
viewed  at  different  angles  transmit  beautiful  red,  blue  and  violet  colours.  Excessively 
weak  solutions  produce  these  effects,  a  solution  of  naphthionate  of  sodium  containing  only 
^^Tfl^  of  salt  being  capable  of  showing  the  phenomenon. 

^The  aqueous  solutions  of  the  naphthionates  of  the  aUcali-metals  are  not  predpitated 
by  ac^ic  acid  even  when  heated ;  but  the  alcoholic  solutions  treated  with  acetic  acid 
yield  a  small  predpitete  of  naphthionic  add. — Ferric  chloride  added  to  a  solution  of 
naphthionate  of  sodium,  sives  an  abundant  brick-red  predpitate  which  turns  brown 
when  heated.— P/aftmc  chloride  gives  a  yellow  precipitete.— iW<ra<«  of  silver  gives  a 
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white  ciTstallme  precipitate.  THeilaride  ofgM  toniB  the  solataon  of  naphthionate  of 
sodiain  purple,  and  gives  a  predpitate  of  metallic  gold. — Mtrcwric  ehlonde  affords  a 
white  precipitate.— /Su^Aate  of  copper  turns  the  solution  yellow,  but  gires  no  pre- 
cipitate. 

Naphthionate  of  Ammomum.^—Yery  soluble  in  water  and  alcohol ;  onystaUiseB  with 
difficulty. 

NapJUkUmaU  of  Barium, — ^This  compound  is  best  prepared  by  double  decomposition 
of  a  solution  of  naphthionate  of  sodium  with  chloride  of  banum ;  for  this  purpose 
2  parts  of  naphthionate  of  sodium  and  1  part  of  chloride  of  barium  are  to  be  dissolyed 
in  10  parts  of  boiling  water.  The  naphthionate  of  barium  crystallises  out  on  cool- 
ing, and  may  be  rendered  perfectly  pure  by  two  zeoystauisations  from  boiling 
water. 

Two  different  kinds  of  crystals  of  this  salt  mi^  be  prepared  by  regulating  the 
temperature  at  which  the  solution  crystallises.  If  a  small  quantity  of  liquid  be 
employed,  micaceous  laminse  fbrm  in  the  fluid  while  still  warm.  The  cr^stala  so  formed 
hare  a  dightly  violet  tint.  If  the  solution,  on  the  other  hand,  is  more  dilute, 
it  does  not  begin  to  czystallise  until  after  complete  cooling;  the  salt  then  assumes 
the  form  of  huge  transparent  rhombohedral  laminift.  It  is  moderately  soluble  in 
water. 

Naphthionate  of  Calcium,  Ci«H!H:iaN.S0'.4H'0.~When  crude  naphthionic  acid  is 
boiled  with  milk  of  lime,  the  filtered  solution  evaporated  over  the  water-bath,  and 
then  left  at  rest,  bulky  reddish  crystals  are  deposited  which  may  be  purifidd  by  washing 
on  a  funnel  witli  cold  alcohol,  which  dissolves  resinous  impurities.  The  salt  thus 
partially  purified  is  to  be  dissolved  in  boiling  water,  decolorised  by  animal  charcoal 
and  set  aside  to  crystallise.  It  crystaUises  in  white  semi-transparent  laminse  having 
a  fiitty  appearance.  Individual  crystals  appear  colourless,  but  when  seen  in  masses 
they  possess  a  Tery  beautiful  rosy  tint  Veiy  soluble  in  water,  almost  insoluble  in 
aloohoL    It  has  no  action  on  veg^able  colouring  matters. 

Naphthionate  of  Lead,  C**H'PbNSO'.H*0,  prepared  by  double  decomposition  of  a 
solution  of  naphthionate  of  sodium  with  nitrate  of  lead. — ^Forms  short  reddish  needles, 
slightly  soluble  in  water,  but  insoluble  in  alcohoL  Beddens  litmus.  It  is  altered 
by  boiling  with  water,  the  solution  becoming  red  and  gradually  losing  its  power  of 
crystallising. 

Naphthionate  of  Magnesium,  C^^H'MgNSO*. — ^Easily  obtained  by  boiling  for  about 
two  hours  a  mixture  of  2  pts.  of  crude  naphthionic  acid  and  I  pt.  of  carbonate  of 
magnesium  with  water.  The  solution  is  to  be  filtered  and  set  aside  to  crystallise. 
It  is  to  be  purified  by  recrystallisation  from  weak  alcohoL  If  the  solution  be  concen- 
trated, the  resultinff  salt  will  contain  4  atoms  of  water  of  crystallisation ;  but  if  the 
mother-liquor  be  allowed  to  evaporate  spontaneously  in  vacuo,  the  crystala  will  contain 
6  atoms  of  water.  

Naphthionate  of  Potassium,  C^^H'ENSO*. — This  salt  is  anhydrous,  very  soluble  in 
water  and  alcohol,  but  sparingly  soluble  in  the  same  liquids  when  hydnite  of  potassium 
is  present.  It  is  easily  obtained  by  dissolving  crude  naphthionic  acid  in  a  boiling  con- 
centrated solution  of  hydrate  of  potassium.  It  czystallises  out  on  cooling  in  small 
micaceous  laminse. 

Naphthionate  of  Silver,  C^*K*AgSSO*.WO,  obtained  by  decomposing  a  perfectly 
neutzal  solution  of  nitrate  of  silver  with  a  solution  of  naphthionate  of  sodium,  is  a  white 
curdy  powder,  sometimes  becoming  converted  into  dense  crystalline  grains  with  an 
adamantine  lustre.  little  soluble  in  cold  water,  more  so  in  hot.  Becomes  grey  on 
exposure  to  light. 

Jmmoniaeal  naphthionate  of  Silver,  C'«H'AgSO'.2KH".2H*0,  is  deporated  in  white 
crystalline  grains,  on  treatiuff  a  hot  solutioil  of  the  last-described  salt  with  ammonia 
and  leaving  the  liquid  to  cool.     It  is  but  slightly  acted  upon  by  light. 

Naphthionate  of  &>dnm,  C^»H"NaNS0».4HK).— This  salt  may  be  prepared  by  dis- 
solving erode  naphthionic  acid  in  hot  alcohol,  with  addition  of  powdered  carbonate  of 
sodium.  The  boiling  solution,  after  filtration  and  repose,  yielcb  fine  nearly  colourless 
prisms  of  the  salt.  It  may  be  purified  by  being  reduced  to  powder  and  wsshed  on  a 
pinnel  with  a  concentrated  alcoholic  solution  of  hydrate  of  sodium;  after  this  it  must 
be  dissolyed  in  alcohol,  and  decolorised  by  animal  charcoal.  After  the  latter  treatment 
it  will  be  necessary  to  recrystallise  it  several  times. — The  salt  forms  fine  prisms  be- 
,  longing  to  the  monodinic  system,  very  slightly  soluble  in  alkaline  liquids,  and  readily 
soluble  in  water  and  alcohol,  insoluble  in  ether.  When  in  masses  the  ciystals  always 
appear  yellow.  The  crystals  are  at  first  insipid,  but  afterwards  yield  a  sweet  persistent 
taste.  The  salt  serves  for  the  preparation  of  several  of  the  naphthionates  by  double 
decomposition. — When  heated,  it  yields  a  residue  of  sulphate  and  much  carbon. — It  is 
not  chauffed  by  exposure  to  drv  air. 

Naphthionate  of  Zinc,  C*wZnNSO*. — Obtained  by  double  decomposition  of  naph- 
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thionate  of  sodiom  with  solpliate  of  sine.  It  forms  large  red  laminae,  transparent  but 
becoming  opaqne  at  90<>,  with  loss  of  some  of  its  water  of  crystallisation.  Very  soluble 
in  water,  soluble  in  anhydrooa  alcohol  with  the  aid  of  heat.  Becomes  anhydrous 
between  160<>  and  160<>.  C  G  W 


C"HK)*.  (Schutzenberger  and  Willm,  Compt.  rend, 
zlvi.  894.) — A  substance  produced  together  with  azodinaphthyldiamine  (p.  23)  by  the 
action  of  aqueous  nitrite  of  potassium  on  hydrochlorate  of  naphthylamine.  The 
azodinaphthyl-diamine  may  be  dissolved  out  by  alcohol  or  ether,  and  naphthulmin 
then  remains  as  a  black,  rather  bulky,  humus-like  substance,  insoluble  in  nearly 
aU  solTents,  eepeciaUy  in  acids  and  alkalis.  It  dissolves  however  in  strong  sulphuric 
acid,  forming  an  indigo-coloured  solution  whence  ic  is  precipitated  by  water. 

WJUPUTHIJUi    C**H'. — ^The  monatomie  radicle  of  naphthylamine.  See. 
Cytmateo/IfaphiAyl,  C'H'NO  -  q,,^*  (0,  is  produced  in.small  quantity  by  heating 

dinaphthvl-carbamide  with  phosphoric  anhydride  (V.  Hall,  PhiL  Hag.  [4]  xvii. 
304),  probably  also  when  menaphthoximide  is  heated  to  260°  (Perkin,  Ohem.  Soc 
J.  ix.  8).  It  forms  magnificent  easily  fusible  cxystalB,  insoluble  in  water,  easily  soluble 
in  alcohol  and  ether.  Its  reactions  are  exactly  analogous  to  those  of  cyanate  of  phenyl 
(ii.  196).    (Hofmann,  C(ftnpt  rend,  xlvii.  426.) 

SulpkoeyanaU  of  Naphthyl,  C"H^S  -  c^»}^'  Obtained,  together  with  naph- 
thylamine^ by  distilling  dinaphthylsulpho-earbamide  with  phosphoric  anhydride : 

It  forms  splendid,  easOy  ftisible  crvstsls,  having  a  peculiar  odour,  insoluble  in  water, 
very  soluble  in  alcohol  and  ether.  When  boiled  m  alcoholic  solution  with  naphthyl- 
amine, it  is  reconverted  into  dinaphthyl-sulphocarbamide.     With  aniline  it  forms  sul- 

phocyanateofphenyl-naphthylsmine:    ^Sgija    +    ^h«  |^    "   C»H«XC^)Nh- 
(Hall,  Hofmann;  loc.  cit) 

»AJ»HTH1  liAMTWB,  C**H*N.  Napkthalidam,  Naphthalaminel  Naphtha/idine, 
(Z  in  in,  J.  pr.  Chem.xxvii.  143  ;  abstr.  Aim.  Ch.  Pharm.  xliv.  283.  Piria,  Ann.  Ch. 
Phys.  [3}xxxL217.  B^champ,  »&trf.  xlii  186.  Delbos,  tWrf.xxi.68.  W.H.  Perkin, 
Chem.  Soc.  Qu.  J.  ix.  8 ;  Chem.  Oaz.  1856,  p.  119.  Hugo  Schiff,  Ann.  Ch.  Phys. 
la.  112.  A.  W.  Hofmann,  Compt.  rend,  xlvii  425;  Ann.  Ch.  Phys.  [8]  liv.  204. 
Schutzenberger  and  Willm,  Compt.  rend,  xlvii.  82.  Perkin  and  Church, 
Chem.  Soc  J.  xvi.  207. — ^Discovered  by  Zinin  in  1842  during  his  important  researches 
on  the  reduction  of  nitro-compounds. 

Preparation. — Zinin's  process  consists  in  mixing  1  pt  nitronaphthalene  with  10 
pts.  of  strong  alcohol,  and  saturating  the  mixture  first  with  ammonia  and  then 
with  sulphide  of  hydrogen.  The  essential  features  of  the  reaction  are  expressed  by 
the  annexed  equation : 

C»«H'NO«    +    3H«S   -   C'«H"N    +    2H«0    +    S«. 

Nitronaphthalene.  Naphthylamine. 

Piria' s  process  consists  in  takinsr  advantage  of  the  ease  with  which  the  thionaph- 
thamates  are  converted  into  naphth^amine.  When  the  thionaphthamate  of  an  alkali 
is  treated  with  dilute  sulphuric  acid  and  the  solution  is  heated,  sulphate  of  naphthyl- 
amine is  produced  in  accordance  with  the  equation — 

2C"H»NS0«     +     HH)     -     2(C»»H»N)H*S0«. 

Thionaphthamlc  add. 

3.  According  to  P  i  r  i  a,  naphthylamine  is  also  produced  by  distilling  a  thionaphthamate 
with  excess  of  hydrate  of  calcium. 

4.  The  process  almoet  invariably  used  at  the  present  day  is,  however,  that  of  B^amp, 
which  consists  in  reducing  nitronaphthalene  with  iron  filings  and  acetic  acid.  Acoora- 
ing  to  Schutzenberger  and  Willm,  phthalamine,  C*H*NO',  is  also  formed  in  this  re- 
action. The  production  of  naphthylamine  by  B^champ's  process  is  precisely  analogous  to 
that  of  a^line  from  nitrobenzene  with  the  same  reagentSi  and  may  be  written  thus : 

CfHrNO*     +     6Fe«0     +     H«0     «     8Fe*0»     +     C»»H»N. 

It  is  quite  unnecessaiy  to  give  at  length  all  the  modifications  of  B^hamp's  process, 
which  have  been  described  by  various  operators.  The  following  method  of  prepara- 
tion will  be  found  to  answer  either  on  the  large  or  on  the  small  scale :  1  pt  <^  nitro- 
naphthalene which  has  been  well  washed  with  water  to  remove  adhering  nitric  acid,  is 
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mixed  with  1)  pt  of  iron  filings,  and  oommeidal  acetic  acid  is  added  in  anfficient 
quantity  to  cover  the  whole.  The  retort  mnst  be  yezy  capacious^  and  should  be  able  to 
hold  at  least  ten  times  the  quantity  of  the  ingredients  taken.  A  gentle  heat  is  applied 
until  the  nitronaphthalene  melts.  The  reaction  soon  sets  in,  and  is  ffenerally  very 
active,  the  contents  of  the  retort  frothing  violently,  and  boiling  over  umess  the  fire  is 
removed.  As  soon  as  the  frothins  has  subsided,  the  retort  is  to  be  cautiously  heated 
until  the  acetic  acid  has  distilled  over,  after  which  it  is  to  be  removed  from  the 
fire  and  allowed  to  oooL  A  strong  solution  of  hydrate  of  potassium  may  then  be 
added,  until  the  mixture,  after  being  well  stirred,  is  powerfully  alkaline.  The  retort 
may  now  be  transferred  to  a  deep  sand-bath  and  covered  with  sand  up  to  the  neck. 
The  fire  is  to  be  uiged  until  the  naphthylamine  comes  over,  which  however  will  not 
be  the  case  until  the  temperature  has  risen  to  300^.  The  oily  naphthylamine  thus 
obtained  is  purified  by  solution  in  hydrochloric  acid ;  the  filtered  liquid  is  evapo- 
rated to  diyness  and  distilled  with  hydrate  of  calcium ;  the  base  then  passes  over 
in  the  form  of  a  colourless  oil  contaminated  onlv  by  the  presence  of  phthalamine. 
The  latter  may  be  removed  by  converting  the  mixture  of  bases  into  sulphates  and 
crystallising.  The  sulphate  of  naphthylamine  being  less  soluble  than  sulphate  of 
phthalamine,  will  OTStallise  out  first. 

BouBsin  prepares  naphthylamine  by  treating  nitronaphthalene  with  tin  and  hydro* 
chloric  acid.  He  introduces  into  a  balloon  (which  should  have  twice  the  capacity 
necessanr  for  holding  the  ingredients)  6  pts.  of  commercial  hydrochloric  acid,  1  pt.  of 
nitronaphthalene,  and  as  mudi  granulated  tin  as  will  reach  to  the  surface  of  the  mixture. 
The  balloon  is  heated  in  a  water-bath  and  shaken  at  intervals.  An  energetic  re- 
action is  soon  set  up,  the  nitronaphthalene  disappears,  and  the  mixture,  which  is  of  a 
brown  colour,  becomes  transparent.  The  prcxluct  in  this  condition  is  poured  into 
an  earthenware  vessd  containing  two  litres  of  commercial  hydrochloric  acid  dilated 
with  half  its  bulk  of  water.  The  hvdrochlorate  of  naphthylamine  soon  begins  to  crys- 
tallise, and  finally  renders  the  whole  solid.  On  cooling,  the  masma  is  drained  on  linen 
filters,  and  subsequently  pressed.  To  puri^  the  crude  hydrochlorat«  prepared  in  this 
manner,  it  is,  after  drymg,  to  be  dissolved  m  boiling  water  and  treated  with  a  suffi- 
cient quantity  of  solution  of  sulphide  of  sodium  to  precipitate  the  tin.  The  liquid  is  then 
passed  through  a  wet  p&pcr  filter  to  remove  a  tarry  impurity.  The  pure  hydrochlorate 
crystallises  on  cooling.    The  base  may  be  separated  by  the  addition  of  an  alkaU. 

Properties. — NaphUiylamine  precipitated  firom  a  s<dution  of  the  sulphate  by  ammonia 
forms  white  silky  needles.  /^  orainarily  obtained  by  distillation,  it  is  a  yellowish- 
white  crystalline  mass.  It  melts  at  60^,  and  distils  at  a1x>ut  300°  without  decomposition. 
In  spite  of  this  &et  its  vapour-densily  does  not  appear  to  have  been  determined.  If 
very  slowly  heated  it  sublimes  in  long  sillnr  neeales.  It  has  a  most  disgusting  and 
persistent  odour,  which  adheres  to  the  hands  and  clothes  for  a  long  time.  Some  per- 
sons appear  to  be  injuriously  affected  by  it  when  working  with  it  for  some  time  (Carey 
Lea).  Solutions  of  naphthylamine  colour  deal-wood  yellow  even  more  intensely  than 
aniline.    (Hofmann.) 

Decompoeitione, — 1.  Naphthylamine  bums  with  a  smoW  fiame,  leaving  a  residue 
of  carbon  (Z  i  n i  n). — 2.  Turns  violet  in  the  air  (Z  i  n  i  n).  This  violet  substance  appears 
to  be  produced  during  the  formation  of  naphthylamine  from  nitronaphthalene  by  B6- 
champ's  process ;  one  or  twograins  are  all  that  can  be  obtained  from  50  or  more  grammes 
of  nitronaphthalene  (Carey  Lea).  Sublimed  naphthylamine  becomes  coloured  only 
after  longesqKwnre  to  the  air  and  sunlight^  and  if  protected  from  these  influences  may  be 
kept  uniuten^  for  years  (Zinin). — 8.  Heated  to  200°  with  dry  mercurous  nitrate  it 
yields,  according  to  the  quantities  of  salt  employed,  various  shades  of  colour  from  that  of 
aniline-violet  to  that  of  ftidisine  (S  ch  eurer  -Kes  tn  er). — i.  Stannic  chloride  converts 
it  into  a  red  colour  (KestnerV — 6.  Not  attacked  by  chlorine  in  the  cold,  but  violently 
when  in  a  melted  state,  hvdrocnlorate  of  naphthylamine  and  a  resinous  substance  being 
formed  ^Zinin). — ^6.  Solution  of  hydrochlorate  of  naphthylamine  treated  with  chlorine 
afibrds  a  violet  colour,  a  brown  resin,  and  a  substance  crystallisins  in  golden-yellow 
needles  (Zinin). — 7.  y^iih.  ferric  chloride,  nitrate  of  silver ,  trichloride  of  gold  and  oxi- 
dising  substances  generally,  it  gives  an  azure-blue  precipitate  of  naphthameine  (P  ir  ia). 
— 8.  When  nitrite  of  potassium  is  added  to  a  sdlution  of  a  salt  of  naphthylamine,  a 
reddish-brown  precipitate  is  immediately  produced  called  by  its  discoverers  azodi- 
naphthyldiamine,  and  havinff  the  formula  CH^^N'  (ferkin  and  Church). 
— 9.  Platinic  chloride,  mercuric  chloride,  and  chloride  of  einc  yield  the  naphthameine 
of  Piria  which  appears  in  fact  to  be  oxynaphthylamine  (Schiff).  This  is  probably 
also  the  substance  obtained  by  heating  nitronaphthalene  with  the  hydrates  of  potas- 
sium and  calcium. — 10.  Nitric  acid,  especially  if  it  contains  nitroiis  acid,  converts 
naphthylamine  into  a  brown  powder,  almost  insoluble  in  water,  but  soluble  in  alcohol 
with  the  production  of  a  vicuet  liquid  (Zinin).  Inasmuch  as  the  last  reaction  is 
favoured  by  the  presence  of  nitrous  acid,  it  is  probable  that  the  resulting  product  is 
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(or  at  least  oontaiiiB)  Perkin  and  Chunch's  aaodinaphthyldiamine.  This  is  rendered 
the  more  probable  beeanse,  according  to  Zinin,  the  product  of  the  action  of  nitrie 
acid  is  obtained,  on  evaporating  its  solution,  in  the  form  of  ciystals  resembling 
mnrexide,  and  aasodinaphtnyldiamine  eiTstallises  in  magnificent  green  crystals  haying 
somewhat  the  appearance  of  murezide,  but  much  larger  and  finer. — 11.  A  mixture  of 
nitric  and  sulphuric  acids  acts  Tiolentlj  on  naphthylamine ;  on  the  addition  of  water  to 
the  mixture  flakee  are  deposited  which  are  probably  nitronaphthylamine,  C'*H'(NO*)N. 
— 12.  Oxyckloride  o/phosphortu  conyerts  naphthylamine  into  tnnaphthylphosphamide 
(Schif^. — 13.  A  solution  of  acid  ehromaU  of  potassium  added  to  a  solution  of  a  salt 
of  naphthylamine  yields  a  precipitate  containing  a  yiolet  colouring  matter. — 14.  A  solu- 
tion of  naphthylamine  in  anhydrous  ether  when  treated  with  gaseous  eyanic  acid^  affords 
naphthyl-urea^  C'H**KK) ;  under  certain  circumstances  the  reaction  proceeds  dififerently, 
and  colouring  matters  are  formed  (Schiff). — 15.  An  alcoholic  solution  of  naphthy- 
lamine oomoines  with  oU  of  mustard,  forming  allyl-naphthyl-sulphocarbamide, 
ei«Hi<K<S«  (Zinin).— 16.  With  sulphoeyanaU  of  phenyl,  phenyl-naphthyl-cn^P^ocar- 
bamide  is  produced  (Hofmann). — 17.  When  an  alcoholic  solution  of  naphthylamine 
is  treated  with  disulphide  of  carbon,  or  when  it  is  heated  in  a  sealed  tube  with  that 
reagenty  dinaphthyl-sulphocarbamide  is  produced  (Laurent,  Del  bos,  Schiff).— 

18.  When  fused  naphthylamine  is  treated  withyaseous  chloride  of  cyanogen^  heat  is  giyeii 
off  and  hydrochlorate  of  menaphthylamine,  C**H"N*.HC1,  is  formed  (Perkin).-^ 

19.  With  the  iodides  &c.  of  the  alcohol-radides,  metbyl-naphthylamine,  ethyl-naph* 
thylamine,  &c.,  are  formed.    (Schiff.) 

Salts  or  NAFBTHn.AMiira. 

Bromhydrate  or  Hydrobromate,  C'*H*N.HBr. — Obtained  by  decomposing,  a 
concentrated  alcoholic  solution  of  sulphate  of  naphthylamine  with  bromide  of  potassium 
or  barium.  The  solution  filtered  from  the  sulphate  of  barium  is  to  be  slowly  evaporated. 
Czystalline  sall^  readily  soluble  in  alcohol,  moderately  soluble  in  water. 

Chlorhydrate  or  Hydrochlorate,  C'H'N.HCL — ^When  a  strong  solution  of  naph- 
thylamine in  alcohol  is  mixed  with  hyd^hloric  add,  the  whole  solidifies  to  a  mass  of 
hydrochlorate  of  naphthylamine,  consisting  of  small  shining  scales,  rather  freely  soluble 
in  water,  and  still  more  so  in  alcohol  and  ether.  It  sublimes  at  about  200^  with  only 
alight  decomposition ;  the  sublimate  consists  of  very  fine  needles.  Like  the  sulphate, 
the  dry  salt  is  not  decomposed  by  exposure  to  the  atmosphere,  but  the  solution,  or  the 
ciystals  if  wet,  become  rapidly  decomposed,  with  production  of  a  red  colour. 

Chloromercurate. — ^When  a  solution  of  mercuric  chloride  is  added  to  an  alcoholio 
solution  of  naphthylamine  or  of  its  salts,  a  curdy  yellow  precipitate  is  obtained;  it  is 
soluble  with  difficulty  in  cold  alcohol,  but  is  deposited  frtun  a  boiling  solution  on 
cooling  in  crystals. 

Chloroplatinate. — ^A  yellow  precipitate  slightly  soluble  in  cold  water,  still  less 
soluble  in  alcohol  and  ether.  It  crystallises  without  alteration  firom  a  boiling  aqueous 
solution  (Gerhardt).  On  pouring  an  alcoholic  solution  of  hydrochlorate  of  naph- 
thylamine into  a  solution  of  platinic  chloride,  a  green  colour  is  developed,  and  th/d 
salt  is  deposited  as  a  brownish  green-yellow  powder.    (Zinin.) 

Nitrate,  C**H*K.HNO*.— Naphthylamine  dissolves  without  decomposition  in  weak 
boiling  nitric  add  if  the  latter  be  free  from  nitrous  acid.  The  solution  becomes  however 
slightly  reddish.    On  cooling  brilliant  scales  are  deposited  of  nitrate  of  naphthylamine. 

Oxalates,  1.  Neutral  salt. — Cnrstallises  in  stellar  groups  consisting  of  small  lamina 
having  the  formula  2C'*H*N.C=H*0*.  It  yields  dinaphthylcarbamide  on  distillation. 
— 2.  Aeidsalt,  C>*H*N.CHH)*.>-This  salt  forms  in  white  warty  masses,  readily  soluble 
in  water  and  alcohoL  When  submitted  to  destructive  distillation,  it  yields  a  browniah- 
yeilow  powder  soluble  in  alcohol  but  insoluble  in  water. 

Phosphates.  1.  Orthophos^hate. — Naphthylamine  troated  with  solution  of  phos- 
phoric add  which  has  not  been  ignited,  forms  this  salt,  which  is  readily  obtained  in 
crystals  even  when  dilute  solutions  of  the  base  are  treated  with  an  aqueous  solution 
of  the  add.  It  rapidly  turns  red  by  exposure  to  the  air. — 2.  Metaphosphatr. — When 
an  alcoholic  solution  of  naphthylamine  is  treated  with  solution  of  metaphosphoiie 
acid  in  alcohol,  a  white  pulverulent  salt  is  obtained.  It  is  only  slightly  soluble  in 
water  and  alcohoL 

Sulphate  of  Naphthylamine,  2(C"H»N).H-'S0*,  may  be  fanned  by  dissolving 
the  base  in  warm  sulphuric  add.  No  crystals  are  obtained  on  cooling  even  to  0^, 
but,  on  dilution,  the  whole  becomes  nearly  solid  with  small  scales  of  the  salt.  The 
same  salt  may  be  obtained  by  adding  sulphuric  atud  to  a  solution  of  thionaphthamate 
of  potassium,  sodium,  or  ammonium,  and  gently  heating.      It  crystallisee  in  white 
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mlyery  scales  hATing  the  disgnstiiig  odour  of  the  base,  and  an  add  reaction.  When  dry 
it  may  be  kept  without  alteration,  but  the  solution  decomposes,  with  production  of  a 
red  colour.  When  distilled  it  melts,  gives  off  sulphurous  acid,  and  leayes  a  residue 
of  carbon.  A  small  portion  of  the  base  distils  over  undecomposed  (Zinin).  It  is 
only  slightly  soluble  m  cold  water  or  alcohol,  but  freely  so  in  hot  aloohoL 

Intimately  connected  with  naphthylamine  are  the  substances  which  Piria  discovered  by 
acting  on  nitronaphthalene  with  sulphite  of  ammonium.     (See  Thiokapbthahig  Acm . 
and  NApaTHioxno  Aozd.) 

Substitution-derivatives  of  Naphthylamins, 

a.  Bromide  of  Ethyl-naphthylammonium,  C»«H>^r»-(C»«H'.C«H«.H')NBr. 
—To  prepare  thu  compound,  naphthylamine  is  treated  with  an  excess  of  bromide  of 
ethyl  in  a  flask  so  connected  with  a  Liebig's  condenser  as  to  allow  the  yolatilised 
bromide  to  return,  the  temperature  being  maintained  between  40^  and  60^  for  some 
hours.  The  contents  will  at  last  be  converted  into  a  reddish-brown  mass  from  which 
the  excess  of  bromide  of  ethyl  may  be  removed  by  distillation.  The  mass  is  then  to 
be  repeatedly  exhausted  with  boiling  water.  The  boiling  solutions  are  to  be  filtered,  and 
on  cooline,  the  bromide  of  ethyl-naphthylammonium  will  crystallise  out  (Schiff).^ 
2.  Naphthylamine  indosed  in  a  sealed  tube  with  excess  of  bromide  of  ethyl  and  kept 
for  fourteen  days  at  otdinazy  temperatures,  becomes  almost  entirely  converted  into 
crystals  of  the  bromide.     (S  c  h  i  f  f. ) 

Properties. — ^Pale  rose-coloured  crystals  which  do  not  become  colourless  on  reerystal- 
lisation.  The  salt  does  not  become  coloured  so  easily  as  naphthylamine.  Very 
slightly  soluble  in  cold  water,  but  readily  soluble  in  hot  water,  alcohol  and  ether. 
(Schiff.) 

Heated  with  hydrate  of  potassium,  the  bromide  gives  naphthylamine  and  alcohol,  in 
accordance  with  the  equation— 

k|c«H*  Isr  +  KHO     -    NJ^^?!  +  ^*|^    +  ^^'-    (Schiff.) 

fi.  Iodide  of  Methyl'naphthyl'ammonium, — An  attempt  to  prepare  a  methyl 
compound  by  treatment  of  naphthylamine  with  iodide  of  methyl  fimed,  the  product 
being  a  greasy  mass  which  would  not  crystallise. 

y.    Sulphocyanate    of    Phenyl-naphthylammonium,      C^W^N'S      ea 

Qi«Q9/Q«Q5\^[S. — Produced  by  the  direct  union  of  naphthylamine  with  sulpho- 

cyanate  of  phenyl,  or  of  phenylamine  with  sulphocyanate  of  naphthyl  (p.  19).  It 
crystallises  from  its  boilins  solution  in  spangles  yeiy  like  diphenyl-sulphocarbamide; 
very  soluble  in  alcohol  and  in  ether.     (Hofmann,  Compt  zend.  xlvii.  425.) 

A  G.  W. 
VAPBT9nrb"CAiSBAMZ9B0. — a.  TtfownwA  uhth  vr-o AimAnnrt-B  or  NaphTHTL- 

TOBA,  C"H"N«0   -  (CO)"  N«.    (See  Cabbamidbs,  i.  764.) 

H»    j 

/9.  DiNAPHTHTL-CABBAMiDB.     Carhonophtholide,  CVW'SK)  ■>  ^(CO)^  [n*.  (Del- 


(CWH*)*) 

-    (CO)H 
H«    J 


bos,  Ann.  CJh.  Phys.  [3]  xxi.  68.— Zinin,  Ann.  Ch.  Phann.  cviii.  228).— Obtained, 
1.  By  heating  the  neutral  or  add  oxalate  of  naphthylamine  (Del bos).  Dinaphthyl- 
oxamide,  C^'H*«N^O^  is  first  formed,  and  afterwards  resolved  by  increased  heat,  into 
carbonic  oxide  and  dinaphthyl-carbamide. — 2.  By  boiling  dinaphthyl-snlphocarbamide 
with  alcoholic  potash  (Delbos) : 

C»>H>«ira  +  H«0  -  0«»H»«N»0  +  H«S. 

3.  By  heating  dinaphthyloxamide  for  a  long  time  above  its  mdting  point,  or  8u1> 
mitting  it  to  dry  distillation  (Zinin) : 


(CWH»)«)  (C>«Hn«> 


(c;o7'In«   -   ''(co^^fi^  +  CO. 


It  is  most  adyantageously  prepared  from  add  oxalate  of  naphthylamine,  which  must 
be  heated  to  complete  fosion ;  the  yellowish  mass  whidi  distils  over  is  then  freed  from 
naphthylamine  by  repeated  boiling  with  alcohol. 
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Dinaphtliyl-carbamide  is  a  pure  whita,  li^t  and  alighUj  silky  mass,  insoluble  in 
water,  very  slightly  soluble  in  boiling  alcohol.  It  quickly  tiuns  red  when  exposed  to 
the  air,  and  distils  with  partial  carbonisation  at  a  temperature  above  300^.  When 
distilled  with  pkoapkarie  anhydride  it  yields  cyanate  of  naphthyl,  together  with  other 
products. 


a.  AgftnTWAPinirrT^TOAimm.   C^H* 


(C'«H')«) 

H      j 


(Per kin  and  Chureh,  Chem.  Soc.  J.  xvi.  207). — ^A  base  jwoduoed  by  treating 
hydrochlorate  of  ni^hthylamine  witli  nitrite  and  hydrate  of  potassium  in  the 
proportions  indicated  by  the  equation : 

2{C»*Bra.Ha)  +  KHO  +  KNO«     «     C»BP*N»  +  2Ka  +   3HK). 

A  dark-coloured  precipitate  is  thereby  formed  which  when  reaystallised  once  or  twice 
from  boiling  alcohol,  yields  aasodinaphthyl-diamine  in  splendid  needles,  having  a 
bright  green  metallic  reSflection.  It  melts  at  130^  to  a  blood-red  liquid  haying  a  green 
metallic  lustre,  and  bears  a  considerable  degree  of  heat  without  decomposition.  It  is 
insoluble  in  cold  footer;  colours  boiling  water  yellow;  dissolves,  but  not  very  freely,  in 
alcohol,  etherf  and  bensene,  even  at  boiling  heat.  Most  acids  colour  the  solutions  deep 
violet;  but  the  original  orange-rod  tint  is  restored  by  alkalis,  and  even  by  water.  Oil 
of  vitriol  colours  the  dry  crystals  dull  green,  changing  to  deep  blue  on  addition  of  a 
trace  of  water.  Strong  nitric  acid  dissolves  the  base,  forming  a  brown  solution 
which  afterwards  changes  to  brownish-red,  and  water  then  throws  down  a  brown 
precipitate. 

Azodinaphthyl-diamine  forms  three  hydrochlorates,  viz.  (C*S['*N')^.HC1,  crystallis- 
ing in  shinuig,  golden-brown  prisms ;  C'H'^N'.HCl,  in  dark  purplish-red  crystals ;  and 
C**H"N'.2HC1,  in  bulky  czystals  yellow-brown  by  transmitted  light,  and  having  a 
green  lustre  when  wet  The  sn^haie,  (G^H*^')H*SO\  forms  greenish-brown  crystals 
having  a  golden  metallic  lustre. 

Azodinaphthyl-diamine  boiled  for  some  time  with  potash  is  partly  reconverted  into 
naphthylamine.  By  prolonged  boiling  with  hydrochloric  acid,  it  is  slowly  decomposed, 
yielding  hydrochlorate  of  naphthylamine,  and  a  substance  soluble  in  potash.  When 
treated  with  hydrochlorio  acid  and  granulated  tin,  it  is  decolorised  and  yields  one  or 
more  new  bases  not  yet  examined.  With  citraconio  acid  it  yields  a  solid  substance 
probably  consisting  of  azodinaphthyl-citraconamic  acid. 

By  using  a  double  proportion  of  nitrite  of  potassium,  Perkin  and  Church  (Chem. 
Soc.  J.  Ix.  1)  originally  obtained  a  dark-coloured  substance  which  they  regaiiled  as 
nitroso-naphthalene,  C^*H'(N'0) ;  but  subsequent  experiments  have  shown  that  it  was 
not  a  definite  product^  but  merely  impure  azodinaphthyl-dianiine. 

Benzoyl-azodinapkthyl-diamine,  C*'H"N"0  «  C»H"(C'H»0)N«,  is  produced  by 
heating  azodinaphthyl-diamine  with  chloride  of  benzoyl.  It  forms  orilliant  red 
crystaU,  veir  stable  and  capable  of  melting  without  decomposition.  It  is  insoluble  in 
water,  dissolves  slightly  in  boiling  alcohol,  with  yellow  colour,  which  is  darkened  but 
not  changed  to  violet  by  a  large  excess  of  hydrodilorio  add.  Dissolves  in  sulphuric 
acid  with  deep  blue  colour;  is  nearly  insoluble  in  ether,  but  may  be  crystallised  from 
benzene  or  from  chloride  of  benzoyL  Dissolves,  with  orange  colour,  in  alcoholic  potash 
or  soda,  and  is  partially  decomposed  by  continued  boiling  with  potash  followed  by  the 
action  of  hydrodilorio  acid. 

The  chlorides  of  acetyl  and  owmyl  appear  to  form  similar  products  with  azodinaph- 
thyl-diamine. 

^.  MEKAPETHTLA]fiNB,C!"H'^*,mayberegardeda8eyano-d]naphthyl-diamind 
{vid.  inf.). 

VAFBTBinb-VOBXAMZBB.    C"H^O  »  N.H(CHOXC>«H').    See  Fobka- 
(ii  681). 

See  OzAiciDB. 


BOBVBABSna.     See  PhosphAMIDB. 
APHTM 1  Ii»giyayHOC  A  BB  Alim>»a»      See  SULFHOCABBAHIDSS. 

•  a.  CARBODINAFHTHTL-TBIAMIMa.     MhNAPHTHTLA- 

N*.  (Perkin,  Chem.  Soc.  Qu.  J.  iz.  8.)— This  compound, 


CN  ) 
which  may  also  be  regarded  as  cyano'dinaphthyl-diamine,  (C>*H')>  j-  N*,  is  formed 


CN 

- »        •    *        "  as  a 
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hydroehlonte,  by  the  action  of  chloride  of  eyanogen  on  naphthylamine  (2G>*H*N  •»■ 
CNCl  -  G*>H>'N*.HCIX  the  mode  of  formation  being  precuely  analogous  to  that  of 
melaniline^  or  earbo-diphenyl-triamine,  from  aniline,  'to  prepare  it,  gaaeooa  chloride 
of  cyanoffen  is  drawn  hj  an  aspirator  through  a  number  of  glass  tnbes  partly  filled 
with  napnthylamine  which  is  kept  in  fdsion  by  the  application  of  a  gentle  heat ;  the 
resulting  black  resinous  mass,  consisting  chiefly  of  hydrochlorate  of  menaphthylamine, 
is  boiled  with  a  large  quanti^  of  water ;  the  base  is  precipitated  from  the  solution  by 
ammonia  or  potash ;  and  the  precipitate  is  purified  by  washing  with  water,  and  one  or 
two'crystallisationa  from  alcohol. 

Menaphthylamine  crystallises  in  small  white  needles,  haying  a  bitter  taste,  but  no 
smell,  nearly  insoluble  in  toaier^  soluble  in  alcohol  and  in  ether.  It  becomes  ooloored 
in  the  air,  and  blues  reddened  litmus.  It  melts  at  about  200^,  and  decomposes  at  260*^, 
giving  off  naphthylamine  and  leaving  a  brown  mass.  It  appears  to  form  neutral  com- 
pounds with  chlorine^  iodine  and  brominB.  With  fvaidng  wlphurie  acid  it  first  forms  a 
sulphate,  but  on  heating  the  mixture,  it  liquefies  and  a  new  acid  is  produced  which 
forms  a  soluble  lead-salt. — Fuming  tiitrio  acid  acts  very  slowly  on  menaphthvlamine, 
forming  a  series  of  substitution-products.  Chromic  aM  acts  but  slowly.  Cyanogen 
gcu  passed  through  ether  in  wluch  menaphthylamine  is  suspended,  converts  it  into 
dicyanomenaphthylamine. 

Menaphthylamine  unites  with  acida,  forming  salts  many  of  which  are  amorphous  or  but 
slightly  crystalline.  They  are  but  sparingly  soluble  in  water,  and  neutnu  to  litmus- 
paper.  They  are  precipitated  by  acids  and  by  saline  solutions ;  potash  and  ammonia 
added  to  their  solutionsprecipitate  the  base  as  a  pure  white  powder. 

The  hydrochlorate,  C^H"N'.HC1,  is  amorohous  and  very  soluble  in  alcohol  and 
ether.  The  ehloroplatinate,  C*'H"N'.HCLPtCl*,  is  deposited  from  alcoholic  solutions 
in  small  yellow  shining  scales.  The  chloro-aurate  is  a  blue  precipitate.  The  hydrio' 
date,  hydrobromate,  pJtosphaie  and  nitrate  are  crystalline,  the  last  forming  small  white 
prisms,  and  dissolve  easily  in  alcohol  and  in  ether.  The  sulphate  is  amorphous^  and 
moderately  soluble  in  alcohol  and  in  ether. 

fi.  DicTANo-xBKAFHTHTLAiiiNB.  C"H*'N»  '  =  C"H'*N*.Cy*. — Pioduced  as  above 
described  by  the  action  of  gaseous  chloride  of  evanogen  on  menaphthylamine  suspended 
in  ether.  It  is  pale  yellow,  crystallises  with  difficultv,  is  insoluble  in  water,  moderately 
soluble  in  alcohol  and  in  ether,  dissolves  easily  in  dilute  adds,  and  is  reprecipitated  by 
ammonia  if  added  immediately  afterwards ;  but  the  solution,  if  left  to  itself  for  only  a  few 
seconds,  becomes  turbid  and  deposits  cyanodinaphthyl-oxamide,  C^H>*N*0'.  (P  e  r k i n, 
he.  cit.) 

VAPHTBTIi-mUiA.    Syn.  with  NAPHTHTi.-OABBAMn>a. 

MAWlbMB  "WWXAOV^m  A  basic  antimonate  of  lead  used  in  oil-painting.  (See 
AvnxoNATBS,  i.  826.) 

WAFO&aowzra.    Syn.  with  orthodase.    (See  Fblspab,  ii  619.) 

WASOanra.  0«H'*NO'.  (Pelletier,  Ann.  CL  Phys.  L  262.— Oonerbe,  ibid, 
lix.  161. — ^Anderson,  Edinb.  PhiL  Trans,  zz.  Pt  8,  p.  847.) — ^An  alkaloid  con- 
tained in  opium.  To  prepare  it,  the  aqueous  extract  of  opium,  from  which  morphine 
has  been  separated  by  Gregory's  process  (iii  106 IX  is  mixed  with  ammonia,  which 
throws  down  narcotine,  thebaine,  and  a  resinous  body.  The  liquid  is  filterod  and 
mixed  with  acetate  of  lead ;  and  the  filtrate,  after  being  freed  fifom  excess  of  lead  by 
sulphuric  acid,  is  neutralised  with  ammonia  and  evaporated  till  it  becomes  covered 
wiiii  a  pellicle.  It  then  on  cooling  deposits  a  crystalline  mass,  the  quantity  of 
which  increases  by  repose.  This  mass  is  washed  on  a  linen  filter  with  cold  water,  and 
then  dissolved  in  boiling  water,  which  on  ooolinff  deposits  crystals  of  narceine. 

NaioeiDe  thus  obtained  sometimes  contains  siuphate  of  calcium ;  it  may  be  purified 
by  dissolving  in  alcohol,  decolorising  with  animsl  charcoal,  and  reciystallising  from 
water. 

Narceine  crystallises  in  elongated  silky  needles.  It  is  inodorous,  has  a  bitter  and 
styptic  taste,  dissolves  sparingly  in  cold,  more  readily  in  boiUng  toa^,is  very  soluble  in 
alcohol,  but  insoluble  in  ether.  The  solutions  of  narceine  slightly  defiect  the  plane  of 
polarisation  of  a  luminous  ray  to  the  left ;  [a]  «■  —  6*67°. 

Narceine  melts  at  92°,  and  solidifies  in  a  crystalline  mass  on  cooling.  It  turns 
yellow  at  110°,  and  decomposes  at  higher  temperatures.  It  is  violently  attacked  by 
chlorine  and  hrofnine,  yielding  very  complex  products.  Iodine  forms  with  narceine  a 
dark  blue  compound  which  is  decomposed  by  boiling  water. 

Potash,  soda  and  ammonia  dissolve  narceine,  which,  on  conoentrating  the  solutions, 
is  deposited  in  the  form  of  an  oily  liquid. 

Strong  mineral  acids  act  powerfully  on  narceine  and  decompose  it ;  the  same  adds 
tihen  dilute  combine  with  it  and  form  salts. 

The  stdpkate  fixrms  tufts  of  needles  much  resembling  the  free  base.     It  is  sparingly 
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ftokble  in  bofling  water.  The  niirat  sepantei  from  a  hot  aoliitioii  in  radiating  groopa 
of  ciystals,  sparinglj  aolttble  in  cold  water. 

The  hydroehlarate,  C"H*^0*.Ha  (at  lOO^*)  oyttalliaea  Bometimea  in  oonoentrically 
gronped  needlee,  aometimea  in  ahort  iireenlar  raiama.  The  eryatala  are  yery  soluble  in 
water  and  alcohol,  and  haye  an  add  reaction.  The  cklorcplaiinate,  C^'fNO'.HCLPtCl' 
(at  100^),  gradually  aeparatee  on  adding  platinie  chloriae  to  hydrochlorate  of  naioeine» 
as  acryatalmie  powder,  or  in  small  prismatic  OTstals  (analyais,  41*0  per  cent.  C,  4*6  H, 
and  14*83<-14-76  Pt;  eale.  41*2  C,  4*6  H  and  147  Pt). 

VAJUnvmnL  An  alkaloid  produced  by  the  action  of  SQl|>hnrie  add  and  peroxide 
of  lead  on  narcotine.  It  is  dissolyed  by  strong  snlphnrie  add  with  a  fine  red  colour,  and 
by  nitric  add  with  a  fine  yellow  colour.  By  the  prolonged  action  of  the  oxidising 
mixture  it  appears  to  be  conyerted  into  opianio  add.  (March and,  Box.  Jahreaber. 
XXV.  607.) 

VASOmn.  A  substance  possessing  emetic  properties,  contained  in  the  whita 
naidseus.    (Jourdain,  R^p.  Pharm.  [2]  xxi  338.) 

MAMCOQMMTMMm  When  a  solution  of  narcotine  in  hydrochloric  add  ia  boiled 
with  platinie  chloride,  the  product  generally  formed  is  chloroplatinate  of  cotamine. 
Sometimes  however  another  platiaum-salt  is  formed,  crystallising  in  long  liffht  yellow 
needles.  This  salt  is  supposed  by  Ely  th  (Ann.  Ch.  !&hann.  1.  29)  to  he  we  chloro- 
platinate of  a  distinct  alkiuoid,  narco^enine.  As  however  this  salt  is  decomposed  by 
ammonia  into  chloroplatinMte  of  narcotine  which  is  predpitated,  and  chloroplatinate 
of  cotamine  which  remains  dissolved,  it  is  probably  merely  a  double  salt  composed  of 
the  chloroplatinatea  of  narcotine  and  ootamina 

VA3UM>TBm.    Syn.  with  Kascktinb. 

VASCOTXO  ACZB.  An  add  aaid  to  be  formed  by  boiling  narcotine  with 
potash.    It  appears  to  differ  A>m  narcotine  only  by  the  elements  of  water  (p.  27). 

VASOOTOTB.  C^HT^O^  (Derosne,  Ann.  Ghim.  xlv.  257 ;  Robiquet,  Ann. 
Ch.  Phys.  y.  275;  Dumaa  and  Pelletier,  ibid.  xxiv.  188;  Pelletier,  iUd,  1.  269; 
Liebig,  Ann.  Ch.  Pharm.  vi.  35;  B.  Brandes,  ibid,  ii  274;  Couerbe,  Ann.  Ch. 
Phys.  lix.  159 ;  Begnault,  ibid.  Ixyiii.  137 ;  Wohler,  Ann.  Ch.  Pharm.  L  1 ;  Blyth, 
t^.  L29;  Wertheim,  ibid.hoL  71;  Ixxiii.  208;  Anderson,  ibid,  Ixxxvi.  179; 
Hattheissen  and  Foster,  Phil.  Trans.  1863,  p.  345 ;  Chem.  Soc.  J.  xvi.  342. — Gm. 
xvL  135 ;  Qerh.  iv.  67.) — This  alkaloid  is  contained  in  opium  to  the  amount  of  6  or  8 
per  cent,  and  was  the  first  base  extracted  from  that  substanee.  It  was  discovered  by 
Derosne  in  1804,  and  went  by  the  name  of  8el  de  Deroane,  till  its  basic  character 
was  demonstrated  by  Bobiquet  in  1807. 

Preparation. — 1.  From  the  coloured  unciystallisable  mother-liquors  obtained  in  the 
preparation  of  morphine  by  Gregory's  process  (iii.  1051).  These  mother-liquors  are 
diluted  with  water,  filtered  if  necessaiy,  and  treated  with  ammonia  as  long  as  a  predpi- 
tate  continues  to  form ;  and  the  predpitate  is  collected  on  a  cloth  filter  and  pressed. 
It  is  granular  at  first,  but  becomes  resinous  if  left  under  the  press  too  long.  It  shoulu 
therefore  be  quickly  removed,  suspended  in  water,  and  pressed  again,  the  treatment  being 
repeated  several  times.  The  precipitate  contains  narootine  together  with  a  considerable 
quantity  of  resin  and  a  little  theoaiDe ;  the  mother-liquor  contains  narceine  and  may 
be  used  fbr  preparing  that  base.  A  portion  of  the  predpitate  is  now  to  be  boiled  with 
rectified  spirit  and  ue  solution  filtered  hot ;  on  cooling  it  deposits  strongly  coloured 
eiystals  of  narcotine,  which  are  collected  on  a  doth,  pressed,  and  washed  with  a  littie 
alcohoL  The  mother-liquor  of  these  crystals  serves  to  dissolve  another  portion  of  the 
predpitate,  and  in  this  manner  the  process  is  continoed  till  the  whole  is  dusolved.  The 
impure  crystals  of  narcotine  are  next  rinsed  with  strong  potash-ley,  washed  with  water, 
and  crystollised  from  boiling  alcohoL  The  alcoholic  hquor  from  which  the  first  highly 
coloured  erystala  of  narcotine  were  deposited,  contains  much  resin,  a  littie  narootine  and 
all  the  thebaine  of  the  opium,  and  may  be  used  for  the  preparation  of  that  alkaloid* 
(Anderson.) 

2.  Narcotine  may  be  extracted  directiy  from  opium  by  treating  that  substance  with 
ether.    The  solution  left  to  evaporate  deposits  narcotine  in  the  crystallised  state. 

Properties. — Narootine  crystaUises  in  right  rhombic  prisms  or  in  needles  grouped  in 
bundles,  flattened,  colourless,  transparent  and  lustrous.  It  melts  at  170^  and  soiidifiea 
again  at  130^,  in  the  crystalline  or  amorphous  state,  according  as  the  cooling  is  slow  or 

rapid.  It  is  insoluble  in  cold  100^ /boiling  water  dissolves  ^^  of  it  Moohol  and 
ether  dissolve  it,  but  not  vezr  freely.  According  to  Duflos^  it  dissolves  in  100  ^ts. 
cold  and  20  pts.  boiling  alcohol  of  85  per  cent,  in  126  pts.  cold  and  48  pts.  boiling 
ether  of  specific  flpravity  0*735.  The  solutions  are  bitter  and  destitute  of  alkaline  reaction. 
Narootine  dissolves  in  26  pts.  chloroform  (Pettenkofer),  in  60  pts.  oceHo  ether 
(Henry),  also  in  oils,  both  fixed  and  volatile. 
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The  alcoholic  or  ethereal  solution  of  nazootine  deflects  the  plane  of  polarisation  of  a 
luminons  »▼  strongly  to  the  left ;  [a[|  a  <—  180^  b'  nearly.  Acids  modify  the  rotatory 
power  considerably,  altering  the  deviation  from  left  to  right.  (Bouchardat^  Ann. 
Ch.  Phys.  [3]  ix.  213.) 

Narcotine  is  not  dissolved  by  cansticpo^o^A  or  ofmmonia.  Its  solutions  do  not  pro- 
duce a  blue  colour  with  ferric  salts,  a  character  which  serves  to  distinguish  it  m>m 
morphine.    (See  also  the  reactions  with  Sulphuric  and  Nitric  Acids,  ii^ra,) 

Narcotine  acts  as  a  narcotic  poison,  thoagh  not  so  powerfully  as  morphine ;  1*5  gnn. 

of  it  is  sufficient  to  kill  a  dog  in  a  reiy  short  time. 

Narcotine  contains : 

Matthl€Mm 
Cakulaled.  Liebig.       Pellciier.     B^nauU.    HoflEoaon.     and  Foster. 

Meam, 

G**  264  63-92  61-09  63'91  64*25  64*53  6379 

H"  28  557  5-50  545  6*96  6-21  5-81 

N  14  8-39  2*51  4*31  3-49  8'30  3*32 

O'  112  27*12  27-90  26*33  26-30  25*96  27*08 


C«H"NO^   418       10000       100*00      100*00      100*00       10000      100*00 

The  composition  of  narcotine  was  first  determined,  to  the  general  satiafietction  of 
chemists,  by  BIyth,  who  in  1844  proposed  the  formula  C"iP»Ab" or  C"H»NO',  sup- 
porting it  by  numerous  analyses  of  the  cbloroplatinate,  and  showing  at  the  same  time 
that  it  accorded  well  with  the  most  trustworthy  results  of  previous  investigations,  and 
accounted  satisfactorily  for  the  most  important  transformations  of  narcotine,  especially 
its  resolution  under  the  influence  of  oxidising  agents,  intoopianic  acid  (C**H'*0*)  and  oo- 
tamine  (then  regarded  as  C'*H**NO*).  Accordingly  Blyth^  formula  was  for  a  long  time 
regarded  as  expressing  correctly  the  composition  of  narootine.  Wertheim,  however, 
in  1851 — ^founding  his  opinion  chiefly  on  the  compositidll  of  the  volatile  bases  obtained 
by  distilling  narcotine  with  potash,  some  specimens,  according  to  his  observations, 
yielding  methylamine,  some  etbylamine,  and  others  tritylamine — ^maintained  the  exis- 
tence of  two  additional  varieties  of  narcotine  homol(^ous  with  that  examined  by 
Bly  th,  and  represented  respectively  by  the  formulsB  C'H*^©^  and  C**H*NO';  while 
Hinterberger  (Ann.  Ch.  Pharm.  Ixxxii.  812)  analysed  a  compound  of  mercuric 
chloride  with  what  he  considered  a  fourth  variety  still  homologous  with  the  preceding, 
and  represented  by  the  formula  C^H^'NO'.  Matthiessen  and  Foster,  on  the  other 
hand,  found  that  six  samples  of  narcotine  prepared  firom  different  kinds  of  opium,  Tur- 
kish, Egyptian,  and  Persian,  yielded  results  agreeing  veiy  nearly  with  the  formula  above 
given,  the  difference  between  the  highest  and  lowest  quantities  of  carbon  in  the  analyses 
amounting  to  only  0*63  per  cent.  Hence  they  conclude  that  there  is  no  sufficient  evi- 
dence for  the  existence  of  more  than  one  kind  of  narcotine,  and  that  it  is  more  probable 
that  one  and  the  same  narcotine  (since  when  distilled  with  hydriodic  add,  it  yields 
8  at  iodide  of  methyl,  p.  27)  xnay  yield,  by  distillation  with  potash,  sometimes  methyl- 
amine, sometimes  dimethylamine,  and  sometimes  trimethylamine,  which  last  appears 
to  have  been  mistaken  by  Wertheim  for  its  isomer,  tritylamine. 

Decompositiona. — 1.  Narcotine  becomes  coloured  when  heated  a  few  degrees  above 
its  melting  point.  At  220^  it  swells  up,  gives  off  ammonia^  and  leayes  humopio  add. 
Heated  to  200^  with  water  in  a  sealed  tube,  it  dissolves,  forming  a  reddish  yeiy  bitter 
liquid. 

2.  Strong  sulphurio  aoid  dissolves  it,  forming  a  yellow  liquid  which  turns  brown 
when  heated.  According  to  A.  Husemann  (Ann.  Ch.  Pharm.  cxxviii  305;  R^p. 
Chim.  pure,  1863,  p.  284),  narootine  added  to  cold  sulphuric  add,  colours  it  bluish- 
violet  or  yellow,  which,  if  the  liquid  be  gently  heated,  changes  to  orange-red,  then  to 
violet-blue  at  the  edge  of  the  basin,  and  lastly  to  Tiolet-re£  This  reaction  is  very 
distinct,  if  the  sulphuric  acid  contains  1  pt.  in  2,000  of  narcotine ;  and  even  if  it  con- 
tains only  1  pt.  in  40,000,  a  slight  carmine  colour  is  still  perceptible,  pasnng  into  vio- 
let-red.— A  solution  of  narcotine  in  cold  sulphuric  ado  becomes  reddish-yellow  on 
addition  of  nitrio  acid.  With  hypochlorite  of  sodium  the  same  colour  is  produced,  but 
preceded  by  a  carmine  tint.  If  the  solution  has  been  heated,  both  reagents  immediately 
produce  a  ught  yellow  colour,  becoming  slightly  reddish  after  a  while. — ^A  solution  of 
narcotine  in  sulphuric  add  previously  heated,  acquires  on  addition  of /«rri0  chloride 
a  dark  red  colour,  changing  to  cherry-red,  which  lasts  for  24  hours  (compare  Reactions 
qf  Morphine^  in.  1052).  Dilute  sulphuric  with  the*  aid  of  heat,  transforms  it  into  a 
green  substance,  sulphonarcotide,  containing  the  elements  of  neutral  sulphate  of 
narcoUne  minus  2  at.  water. 

3.  Chlorine  gas  attacks  narootine,  espedally  at  100^,  conyerting  it  into  an  amorphous 
substance  whidi  has  not  been  analysed. 

4.  In  hromine-vapour,  narcotine  is  coloured  orange-yellow;  in  iodine-valour,  brown- 
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yellow ;  in  Tsponr  of  ektoride  ofiodine^  yennOlion-iod  to  yelloir  (Donni).    The  ttlta 
of  naiootine  are  not  coloured  by  aqaeona  iodic  acid, 

6.  Narootine  duitilled  with  concentrated  kydnodie  acid  mm  off  iodide  of  methyl^ 
in  tiie  proportion  of  3  at  CH"!  to  1  at  narootine.    (Mattniessen  and  Foster.) 

6.  According  to  nnpubliahed  experiments  by  HattlueBsen  and  Foster,  narootine  yields 
lazffe  quantities  of  chloride  of  methyl  when  heated  to  about  110°  with  strong  aqueous 
kjfdroeklaric  acid.  The  lesultinff  solution  contains  an  alkaloid  which  differs  from  nar- 
ootine in  being  perceptibly  soluUe  in  hot  water,  from  which  it  separates  on  cooling  as 
a  crystalline  nracipitate^  and  by  its  ready  solubitity  in  solutions  of  the  alkalis  or  alk^ine 
carbonates,  xhe  composition  of  this  product  is  not  yet  asoertainedwith  certainty,  but 
seyeral  analyses  seem  to  point  to  the  formula  O'^H^'NO*  -  G"H*VO'  +  8HC1  * 
SCH'CL 

7.  Narootine  is  not  dissolyed  or  decomposed  by  dilute  aqueoiu  potOBk,  eyen  at  the 
boiling  heat,  but  when  boiled  for  some  time  with  strong  potash-ley,  it  forms  a  bitter, 
soluble,  oily  substance  which  appears  to  be  the  potassium-salt  of  a  peculiar  add  (nar- 
coHc  acid).  An  alcoholic  solution  of  potash  dissolyes  narootine  in  such  quanti^^  as  to 
form  a  semi-solid  mass.  The  acid  contained  in  this  potassium-salt  cannot,  howerer,  be 
isolated ;  on  passing  carbonic  acid  gas  into  the  aloohoUc  solution,  a  transparent  jelly  is 
^adually  formed,  which,  when  wuhed  with  alcohol  and  suspended  in  water,  leaves 
crystals  of  narootine.  Hence  narcotic  acid  appears  to  differ  from  narootine  only  by  the 
elements  of  water. 

8.  Narcotine  heated  to  200^ — 220^^  with  hydrate  of  fotatiium  or  sodium,  giyes  off  a 
yolatile  base,  which,  according  to  the  circumstances  of  tne  experiment,  is  either  methyl- 
amine,  dimethylamine,4>r  trimethylamine.  According  to  Hof  mann  (Ann.  Ch.  Pharm. 
Ixxy,  367),  the  products  yary  according  to  the  proportion  of  the  narootine  and  hydrate 
of  potassium,  an  oily  alkali  boiling  at  a  much  higher  temperature  usually  floating  on  the 
su^bce  of  the  trimethylamine. 

9.  Dilute  nitric  acid  dissolyes  narootine  at  ordinary  temperatures  without  decompo- 
sition ;  but  on  heating  the  solution  to  60°,  it  deposits  czystalline  flocks  of  teropiammoue, 
the  solution  retaining  meconin,  opianic  acid,  hemipinio  acid,  and  cotamine,  the  pro- 
portions of  these  products  varying  with  the  degree  of  dilution  of  the  nitric  add.  In 
this  reaction,  the  opianic  acid  and  cotamine  must  be  regarded  as  primary,  the  other 
substances  as  secondary  products : 

C"BP^O»     +     O     -     C"H"0«     +     C>«H«NO» 
Nareottne.  OpUaic  acid.  CoUrnlne. 

The  meoonin  might  also  be  supposed  to  be  formed  by  the  breaking  up  of  the  narco- 
tine, thus : 

0»»H»»NO'    -    C"H"0«     +     C»«H»«NO» 
NarcoCibe.  Meoonin.  Cotamine. 

or  at  the  expense  of  the  opianic  add : 

2C>*H'*0»     —     C>*H*«0*    +     C'*H>*0« 
Opianle  add.  Meoonin.  HenUptnlc  add. 

The  hemipinic  add  may  also  be  formed  by  frurther  oxidation  of  the  opianic  add. 

Strang  nitric  acid  acts  riolently  upon  narcotine,  giving  off  copious  red  ftimes,  and 
forming  a  thick  red  resinous  matter.  Gerhardt  found  tmit  when  narootine  is  gently 
heated  with  strong  nitric  add,  no  red  vapours  are  evolved,  but  an  inflammable  gas, 
probably  nitrate  of  methyl 

10.  When  a  solution  of  narcotine  in  hydrodiloric  add  is  boiled  with  platinie  chloride, 
the  narcotine  is  resolved  into  cotamine  and  opianic  add,  the  platinie  chloride  being  at 
the  same  time  reduced  to  platinous  chloride : 

C-HffNO'  +  BPO  +  2PtCl»  -  C>«H>«NO"  +  C>»ff •0»  +  2PtCl  +  2HC1 
NarooUno.  Cotamine.       Opianic  acid. 

11.  The  same  nroducts  are  formed  by  the  action  of  a  mixture  of  peroxide  of  man' 
ganeee  and  eiUpiurio  acid  (Wohler).  On  one  occasion  Wohler  obtained  also 
apophyllic  add  (L  350) ;  and  by  heating  narootine  with  jwroxide  of  lead  alone,  or 
with  peroxide  of  manganese  and  hydrochloric  add,  hemipinic  add  ^iii  141)  was  pro- 
duced. A  solution  of  sulphate  of  narcotine,  boiled  with  peroxide  of  lead  and  eulphurio 
ocic^  added  drop  by  drop,  forms  narcetine  or  narcoteine.  (E.Harchand:  see  p.  25.) 

12.  Narcotine  does  not  redMoe  ferricyanide  of  potamum  in  alkaline  solution,  and  is 
thereby  distinguished  from  morphine,  which  reauoes  the  red  to  the  yellow  prussiate 
(Kief  f  er,  Ann.  Ch.  Fharm.  ciii.  277).  When  heated  with  absolute  alcohol  and  iodide 
of  ethyl,  it  is  partially  converted  into  bydriodate,  but  does  not  yield  any  substitution- 
product   (How,  Ann.  Ch.  Pharm.  xcii  327.) 
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Salts  of  Nabootdh.  Narootine  diBsolres  in  acids,  but  the  solutions  have  littl« 
stability,  depoaiting  the  greater  part  of  the  narootine  on  eTaporation  and  often  on 
addition  of  water.  "Mbjuj  of  them  are  soluble  in  alcohol  and  in  ether.  They  are 
bitter,  and  redden  litmus.  Mixed  with  tartaric  acidt  and  then  snpersatnrated  with  an 
alkaline  bicarbonate,  thej  immediately  yield  a  white  pnlremlent  precipitate.  Sulpho' 
eyanate  of  potassium  produces  in  solutions  of  narootine,  a  deep  red  precipitate,  even  if 
the  quantity  of  narcotine  present  is  extremely  small ;  the  precipitate  is  soluble  in  a 
slight  excess  of  the  sulphocyanate.    (Oppermann,  Compt  rend.  xxi.  811.) 

Narcotine-salts  give  no  precipitate  with  fluosilicic  aloohol  (iii.  1054);  witn  phospho- 
tnolybdic  acid,  they  yield  a  brownish-yeUow  flocculent  precipitate ;  with  phosphanO- 
monic  acid,  a  white  flocculent  precipitate. 

Acetate  of  Narcotine,  Very  unstable,  the  solution  prepared  in  the  cold, 
depositing  narcotine  when  evaporated.  This  property  may  be  made  available  for 
separating  narootine  from  morphine,  the  acetate  of  which  is  not  decomposed  by 
evaporation.  Basic  acetate  of  lead  Likewise  precipitates  narootine  ^m  its  solution  in 
acetic  acid. 

Chlorhydrate  or  Hydroohlorate. — ^Very  soluble  in  water.  Crystallises  in 
needles  from  its  alcoholic  solution  on  coolings  or  from  the  aqueous  solution  evaporated 
to  a  syrup,  and  left  for  some  time  in  a  warm  chamber.  According  to  liebig,  100  pts. 
narootine  absorb  9'62  pts.  of  dry  hydrochloric  add. 

When  a  strong  add  solution  of  hydrochlorate  of  narootine  is  poured  into  water,  a 
semi-fluid  precipitate  is  produced  which  gradually  soUdifies,  and  is  soluble  either  in  a 
a  larger  quantity  of  water  or  in  hydrochloric  add.  A.  similar  precipitate  is  formed  on 
gradually  adding  an  alkali  to  a  solution  of  hydrochlorate  of  narcotine.  This  predpi- 
tate  contains  hydrochloric  add,  and  is  perhaps  a  basic  hydrochlorate  of  narootine. 
(Matthiessen  and  Foster.) 

Chloromereurate,  C«H"NO'.HCLHgCl  (?)  White  predpitate,  whidi  when 
dried  orer  the  water-bath,  and  then  dissolvMl  in  a  mixture  of  alcohol  and  hydrochloric 
acid,  deposits  small  crystals,  containing,  according  to  Hinterberger  (Ann.  Gh. 
Pharm.  Ixxxii.  811),  43-64  p.  c.  C,  3*90  H,  and  1802  Hg.  The  formula  above  given 
requires  45*1  C,  4*7  H,  and  17  Hg,  numbers  which  do  not  agree  very  well  with  the 
analysis ;  Hinterberger  assigns  to  the  salt  the  formula  C**H**N0'.HCLHg01,  supposing 
it  to  contain  a  narcotine  different  from  ordinary  narcotine  (see  p.  26). 

CA/oroj?/a<ina<«,C««H"NO'.HCl.PtCl».— Obtained  by  predpitating  hydrochlorate 
of  narcotine  with  platinic  chloride^  taking  care  not  to  add  an  excess  of  the  latter. 
It  separates  in  yellow  flocks  or  as  a  yellow  crystalline  predpitate  containing  15*80  per 
cent.  phitinum(Blyth),  15*95—15*72  (Wertheim),  15*89  (Regnault),  15*88  (How), 
the  above  formula  requiring  15*99  per  cent. 

lodomereurate, — ^lodomercurate  of  potasmum  throws  down  from  hydrochlorate  of 
narootine,  a  yellowish- white  powder  containing  2  at.  mercury  (Hg  ^  100)  and  3  at 
iodine  to  1  at.  narootine.    (Ghroves,  Chem.  Sois.  Qu.  J.  xi.  97.) 

PAo<^  Aa^tfo/narco  ^f'ntf  is  a  turpentine-like  mass  containing  crystals  (Brandos). 

Sulphate, — ^A  solution  of  narootine  in  dilute  sulphuric  add  yidds  by  evaporation 
a  yisdd  substance  which  gradually  hardens ;  it  dissolres  in  water  without  decompod- 
tion. 

Bulphonarcotide,  C^*H^^N*SO"  (?)  is  a  product  of  the  decomposition  of  sulphate 
of  narcotine  (p.  26).  When  narcotine  moistened  with  water  is  heated  with  dilute 
sulphuric  add,  a  solution  is  obtained  which,  when  more  strongly  heated,  assumes  a 
daric-green  colour  and  ultimately  thickens.  No  gas  is  evolved.  On  diluting  with  water 
and  boiling,  nearly  the  whole  dissolves,  and  the  liquid  on  cooling  deposits  an  amor^ 
phous  powder  of  a  deep  green  colour.  It  appears  to  contain  the  elements  of  neutral 
sulphate  of  narootine  minus  2  at.  water : 

C*«H"N*SO"  -  2C«H"N0\H«S0*  -  2HK) 

It  gave  by  analysis  59*1  per  cent  G,  5*8  H,  and  3*6  S,  the  formula  requiring  69*6  G, 
6*0  H.  and  8*6  8. 

Bulphonarcotide  is  not  attacked  hy  ammonia.  It  dissolves  in  potash,  forming  a  brown 
liquid  from  which  adds  roprecipitate  it  with  green  colour.  Boiled  with  nitrie  acid,  it 
yields  sulphuric  acid  and  a  yellow  substance  soluble  in  ammonia.  (Laurent  and 
Gerhardt,  Ann.  Gh.  Phys.  [3]  xxiv.  112.) 

Syn.  with  Pitchblbitds. 

Syn.  with  SoDiuic. 

L  Impure  carbonate  of  calcium,  oocurrins  at  Sangershauaen 
in  peendomorphs  after  Oay-Lusdte.  M  a r  c  h  a  n  d  ( J.  pr.  Ghem.  xlvi.  95)  found  in  these 
crystals  94*37  calcic  carbonate,  1*15  alumina  and  ferric  oxide,  2*02  caldc  sulphate,  1*10 


NATROLITE— NEOLITE.  29 

eUy,  and  1-34  water  (as  99*98).    A  Tuiety  containing  baiytie  sulphate  has  heen 
called  neotyyie  by  Breithanpt.    Sp.gr.  »  2*82—2*88. 


Soda-mesotype.  Feather  geoUte,  Varietiea :  Berfftnanndte  {Spreu* 
aiein\  Lehuntite,  Brevicite, — This  mineral  forms  trimetric  prisma  with  pyramidal 
anmmita,  exhibiting  the  combination  odP  .  P  .  )  P  ;  also  with  Poo .  Batio  of  axes, 
a:  6 :  c  -  0*7165  :  1  :  1*0176.  Angle  odP  :  ooP  .  91°.  Cleavage  perfect  pamllel 
to  odP.  The  aystalB  are  usaally  slender,  often  acicnlar,  frequently  interlacing,  diver- 
gentk  or  stellate.  It  also  occurs  flbrons,  radiating;  and  massive.  Hardness  «  5  to  5*5. 
Sp.  gr.  as  2*17  to  2*24.  Transparent  to  translnoent  Lnstre  vitreoas.  Colourless,  grey, 
yeLow,  sometimes  red  orpale  green.    Streak  white.    Fracture  oonchoidaL     Brittle. 

Analyses:  a.  From  Hohentwiel  in  the  Hogau  (Klaproth,  Beitrdge^  y.  44).— 
b,  AuTergne:  eiystallised  TFuchs,  Schw.  J.  viiL  363). — c.  Tyrol:  massive,  fibrous^ 
reddish-white  (Fuchs,  ibia.),—d.  Treaza^  near  Ad  Castello  in  Sicily:  white,  spherical 
concentrically  fibrous  masses  ^S.  v.  Waltershaus en,  Vulkanische  Gesteine,  p.  269). — 
e,  Brevig  in  South  Norway:  tae  so-called  Brevieite:  ciystallised,  according  to  G.  Rose, 
in  the  form  of  natrolite  (Scheerer,  Pogg.  Ann.  Izv.  276 ;  Izzxiz.  26 ;  cviiL  4,  6).-^ 
/.  Bergmannitey  from  Brevig:  reddish-white  (Scheerer). — g.  BadioUie,  from  Brevig 
(S c h  e  er  er). — k.  LekutUite  ttom  Antrim  in  Ireland  (Thomson,  Mtnercdogy^  i.  8 38). 


a. 

h. 

c. 

d. 

e. 

/. 

g' 

A. 

Silica    . 

.     48*00 

4817 

48-63 

43-68 

4716 

47*97 

48*38 

47*33 

Alumina 

.     24*26 

26*61 

24*82 

27-77 

2613 

26-66 

26*42 

24  00 

lime    . 

>      •    • 

0*17 

•         ■ 

1-78 

0-53 

0*68 

0*44 

1*62 

Soda     . 

.     16*60 

1612 

15*69 

12*23 

15*60 

1407 

18*87 

13*20 

Potash  . 

1      •    • 

•    • 

•     . 

3-61 

•         • 

•    • 

1-54 

•         • 

Water  . 

.       9*00 

dia 

9-60 

11*27 

9*47 

9*77 

9*42 

1360 

Ferric  oxide  . 

1-76 

•   • 

0*21 

•         • 

0-53 

0*73 

0*24 

.     ■ 

tfaffnefria       • 

0*29 

.     • 

.    . 

•         » 

99*50  10010     98*95  100*58     99*42     99*88  100*31     9965 

The  analyses  a — g  may  be  represened  hj  the  formula  NaH).A1^0'.3SiO'.2H*0,  which 
is  that  of  a  hydrated  soda-labradorite  (iiL  450) ;  if  the  water  be  regarded  aa  basic,  it 

may  be  reduced  to  that  of  an  orthosilicate  (Na>A!Il^H«)Si*Oi*.  Lehuntite  (A),  so  far 
as  the  analysiB  can  be  depended  upon,  appewi  to  be  the  same  with  1  at.  water  addi- 
tionaL 

An  iron-natrotite  having  the  alumina  partly  replaced  by  ferric  oxide,  and  the  soda 
by  ferrous  and  manganous  oxides,  occurs,  together  with  brevieite,  at  Brevig  in 
Norway,  in  dull  green,  opaque,  prismatic  crystals  and  semi-crystalline  plates  containing 
46*54  per  cent,  silica,  18*94  alumina,  7*48  ferric  oxide,  14*04  soda  with  a  little  potash, 
2*40  ferrous  oxide,  0*55  manganous  oxide,  and  9*37  wat«r. 

Natrolite  occurs  in  cavities  in  amygdaloidal  trap,  basalt,  and  other  allied  rocks ;  also 
in  seama  in  granite  or  gneias.    It  is  sometimes  altered  to  prehnite. 


r.  Native  carbonate  of  sodium,  Na*CO'.10HH)  (see  Carbonates,  i.  794). 
Uatron  is  also  the  German  name  for  soda. 


I.    Syn.  with  Guooclasb* 
Native  selenide  of  silver  (see  Silvbb). 

The  sweet  juice  which  collects  in  the  nectaries  or  discs  of  various 
fiowera.    It  appears  to  be  chiefly  a  solution  of  cane-sugar  and  uncrystaUisable  sugar. 

nSD&8«OXB.     Native  sulphide  of  bismuth,  lead,  and  copper  (sec  Acicuurs, 
L37). 

A  variety  of  Arragonite. 

IBS&B-STOVa.    See  Scolbcitb. 

Syn.  with  Nepiislin(p.  30). 
Syn.  with  Brucite  (i.  684). 
I    See  ScoBODiiB. 

A  mineral  occurring  in  mines  at  Arendal  and  Eisenach,  in  Btellate 
groups  of  silky  fibres,  also  massive,  with  green  colour  and  silky  or  earthy  lustre. 
Hardness  »  1  to  2.  Specific  gravity  «  2*77  (perfectly  dried).  The  following 
ftnalyses  are  by  Scheerer  (Pogg.  Ann.  Ixzi  285): 

SiO*.       A1'0>.       Mg<0.     Fe>0.     Hn<0.     Ca<0.       H<0. 

1.  Arendal        52*28        7*33      31*24      8*79      0*89      0*28      404     »    99*85 

2.  „  47-35      10*27      24*73      7*92      2*64       .     .      6*28     »    9919 
8.  Eiaenaeh      51*25        9*32      29*92      0*80       .     .       1*92      6*50     -    99*71 


30  NEOPLASE— NEPHELIN. 

The  mineral  inaj  be  regarded  aa  a  mixture  of  the  isomorphoiifl  compounds 
5R*0.6SiO*.2H?0  and  6BK>.4A11*0*.2H'0,  the  alnmina  and  aihca  replacing  one 
another  in  the  proportion  of  2A11K)*  to  8SiO'  (see  iii  433). 

Neolite  is  a  recent  formation  produced  by  the  agenqr  of  infiltrating  waters  passing 
oyer  rocJLS  containing  magnesia. 

noviaAflB.  Native  ferroso-ferric  sulphate  found  at  Fahlun  in  Sweden :  syn. 
with  BoTBTooBT  (i.  661). 

VBOTOXXTB*  A  black  or  brown-black  amorphous  mineral,  occuring  at  QiU- 
bole  in  Finland,  and  apparently  produced  by  the  weathering  of  other  minerals.  Con- 
tains, according  to  Igebtrom,  36*69  per  cent,  silica,  26*08  ferric  oxide,  24*12  manganic 
oxide,  0*40  alumina,  2*90  ma^esia,  0*66  lime,  and  10*37  water  («-  99*11).  When 
heated  before  the  blowpipe,  it  gires  off  water,  but  does  not  fiise.  {RammeUber^M 
Mineralchemie,  p.  864.) 

A  yariely  of  natrocalcite  containing  baryta  (p.  28). 

Sommite,  Cavolinitet  Beudanit€.-^El^olite,  Fettstein,  Pierre 
orasee,  A  silicate  occurring  in  prisms  be]on^;ing  to  the  hexagonal  system,  and  exhibit- 
ing the  combination  oo  P  .  oP  .  P  (fig.  240,  ii.  139),  mostly  howerer  without  P ;  occa- 
sionally aJso  with  the  faces  aoP2,  ooP^  and  others.  For  P,  the  length  of  the  vertical 
axis  is  0*8376.  AngleP:  Pin  theterminJ^edges  -[139<>  19';  in  theUteral  edges oiSS^'  6'. 
Cleavage  imperfect  parallel  to  oP  and  ooP.    Also  massive,  compact,  and  thin  columnar. 

Hardness  ^  6*6  to  6.  Specific  gravity  2*6  to  2*64.  Lustre  vitreous  to  greasy. 
Colourless,  white,  or  yellowish ;  the  massive  varieties  also  dark  green,  greenish  or 
bluish-grey,  brownish  and  brick-red.  Transparent  to  opaque.  Fracture  subconchoidal. 
Brittle. 

The  name  n^helin  includes  the  colourless  crystallised  varieties ;  eiUBolite,  the  coarse 
massive  varieties,  with  a  greasy  lustre. 

Belbre  the  blow-pipe,  nephelin  melts  with  difficulty  to  a  vesicular  glass ;  elseolite 
easily.  Both  dissolve  slownr  in  borax,  and  give  with  cobalt-tBolution  a  greyish-blue 
colour  on  the  fused  edge,    ^th  gelatinise  easily  in  acids. 

Analyses, — 1.  Of  Nephelin.  cl  From  Vesuvius  (Scheerer,  Pogg.  Ann.  xlvi.  291 ; 
xlix.  369).^-6.  From  thedolerite  of  the  Katzenbuckel  in  the  Odenwald  (Scheerer, 
he.  cit), — 0,  From  Lobau  in  the  Lausitz  (Heidepriem,  J.  pr.  Chem.  1.  600). 

2.  Of  E 1 »  o  1  i  t  e. — 0.  From  Fredriksvam  in  Norway  (S  c h  e  e  r  e  r,  /oc.  cit.). — b.  Brerig 
in  Norway  (Scheerer). — e.  Miask  in  the  Ural  (Scheerer). — d.  Magnet  Cove,  Arkan- 
sas (Smith  and  Brush,  SilL  Am.  J.  [2]  xvi  366): 


NepkeUn, 

A. 

a. 

b. 

1 
c. 

r 

a. 

b. 

c. 

d. 

Green. 

Brown. 

Brown. 

White. 

Fleth- 
red. 

44*46 

Silica 

.    44-04 

43*70 

43-50 

46-23 

46*63 

44-46 

4418 

Alnmina  . 

.    8406 

82*31 

32  38 

32-66 

3206 

31*84 

3318 

30*97 

Ferric  oxide 

.      0*44 

107 

1*42 

0-66 

1*41 

1-11 

0*69 

209 

Soda.      . 

.    16-91 

16*83 

1413 

16-71 

16*97 

16*71 

16-86 

16-61 

Potash     • 

.      4*62 

6-60 

6-03 

6*66 

4-76 

6*17 

6*76 

6*91 

Lime . 

•      2*01 

0*84 

3*66 

0-33 

0-40 

0*28 

0-29 

0*66 

Uagnesis. 

.       •    • 

•     . 

Oil 

•        • 

• 

.    « 

0-07 

.     . 

Water 

.      0*21 

1*39 

0-32 

0*61 

0-78 

2*07 

0-46 

0*96 

101-19     100*74     100-39     100*76     10091     100*64     100*47     10066 

Scheerer  found  also  a  trace  of  sulphuric  acid  in  nephelin ;  Bromeis  found  a  trace  of 
chlorine. 
The   preceding  analyses    lead  to  the  formula  4MH>.dSiO*  +  2(2Al*0«.8SiO«)    - 

Siidl'M'O'*,  or,  as    most  of   the  analyses  give  1  atom  potash  to  3  atoms   soda, 

S'i*All"(iK.tNa)«0»«.    The  ouantity  of  lime  is  variable  and  insipificant 

NepheUn  occurs  in  crystals  in  the  older  lavas  of  Vesuvius,  with  mica,  idocrase,  &c. ; 
also  at  Cape  di  Bove  near  Home,  and  the  other  localities  above  mentioned.  E^lite 
is  found  imbedded  in  the  zircon-syenite  of  Breviff,  Stavem,  and  Fredericksviim  in  Nor- 
way ;  also  with  felspar,  mica,  zircon,  pyrochlore,  S^.,in  the  Bmen  mountains  in  Siberia ; 
also  at  Litchfield,  in  the  State  of  3Iune^  with  cancrinite;  and  in  the  Ozark  mountains^ 
Arkansas,  with  brookite  and  schorlemite. 

Nephelin  and  elsBolite  easilv  undergo  alteration,  producing  zeolites,  such  as 
Bergmannite  or  Thomsonite ;  the  large  amount  of  soda  in  these  minerals  fits  them 
especially  for  this  mode  of  transformation. 


NEPHBITEU-NERVOUS  TISSUE.  81 

CHeseekite,  a  minenl  occnmng  in  grMnisli-giey  six-aided  prisms  Ix-Tiiiff  a  gf^ttsj 
lustre,  has  been  shown  by  Blum  to  be  a  pseudomorph  after  this  species,  di£rin^  from 
it  meielj  in  containing  4*88  per  cent,  water.  Blum  also  considers  liebenerite  (iii.  589) 
as  a  sinular  pseadomorph.    ElsBolite  has  been  observed  altered  to  mica. 

nPHSXTB.  Jade  in  part,  Seilsiein, — A  hard,  compact,  light  green,  bluish,  or 
whitish  stone,  translucent^  tough,  breaking  with  a  splintery  fracture  and  glistening  sur- 
face. Hardness  «■  6 — 7.  Specific  gravity  »  2*9 — 3*1.  It  belongs  to  the  horn- 
blende &mily,  but  varies  in  composition,  and  is  not  a  distinct  mineral  species. 

Analyses:  a,  b,e.  From  the  £ast:  a.  Xastner  (Oehlen's  J.  ii.  459). — b.  Schaf- 
hautl,  Ann.  Ch.  Fharm.  zlvi  338). — c.  Bammelsberg  ^ogg.  Ann.  Izii.  148). — 
d.  D amour,  Ann.  Ch.  Phys.  [3]  zvi.  469). — e.  S ch e ere r  (Fogg.  Ann. Irrriv.  379).— 
/.  From  New  Zealand:  Punayna  stone;  green  (Scheerer,  loc.  cit.) : 

C  V.  Cm  O.  Cm  J* 

.  50*50  58-88  54*68  5824        57*38  57*10 

.  10*00  1*56  0-68  0*72 

.    5*05  2*53  215  114          1*35  3*89 

.    .    .  0*80  1-39 

.  81*00  22*39  2601  2714         25*88  23*29 

.     .    .  12*51  1606  11*94         12*20  13*48 

.    .     .  0*80 

.    2*76  0*27  0*68  .    .           2-55  2*50 


Silica    . 
Alumina 
Ferrous  oxida 
Manganous  oxide 
Magnesia 
lime     . 
Potash 
Water  . 
Chromic  oxide 


0*05 


99*35        99*74      100*97        98*46       100*04       100*48 


If  the  first  analysis  be  left  out  of  consideration,  nephrite  appears  to  have  nearly 
the  composition  of  tremolite  (see  Hobnblxnd^  iii.  169). 

Nephrite  occurs  in  connection  with  t^cose  rock  or  slate  and  granular  limestone.  In 
China,  New  Zealand  and  North-west  America^  it  is  worked  into  images  and  ornaments. 
The  name  is  from  rc^^f  a  kidney,  the  stone  having  been  formerly  supposed  to  be  a 
cure  for  diseases  of  the  kidney. 

wmUMbli  OTSm  or  WMMMMOM  OV.  OU  of  Oranffe-flowers.^'A  volatile  oil 
obtained  by  HigfJIIiiig  orange-flowers  with  water.  It  is  nearly  colourless  when  fresh, 
but  soon  tarns  red  on  exposure  to  light.  According  to  Soubeiran  and  Capitaine 
(J.  Pharm.  xvii.  619),  it  is  composed  of  two  distinct  oils,  one  of  which  has  a  very 
fragrant  odour,  and  cfiiraolves  abundantly  in  the  orange-fiower  water  which  passes  over 
in  the  distillation,  while  the  oUier  is  nearly  insoluble  in  water,  and  occurs  only  in  the 
oily  portion  of  the  distillate.  The  first-mentioned  oil  is  reddened  by  sulphuric  acid, 
and  communicates  this  property  to  the  entire  essence.  According  to  Dobereiner,  oil 
of  neroli  produces  a  peculiar  acid  by  contact  with  platinum-black.  Nitric  acid  colours 
the  oil  brown. 

Neroli-caTnphor.  According  toBoullav(J.  Pharm.  xiv.  496)  and  Plisson  (ibid. 
XV.  152,  XX.  63),  oil  of  neroli  mixed  with  alcohol  of  90  per  cent,  deposits  a  solid  sub- 
stance meltinff  at  50°,  insoluble  in  water,  sparingly  soluble  in  boiling  absolute  alcohol, 
very  soluble  in  ether.  Boullay  and  Plisson  found  in  it  83*76  per  cent,  carbon,  15*09 
hydrogen,  and  1*15  oxygen ;  it  is  probably  a  hydrocarbon. — ^For  further  details  re- 
specting the  oil  and  camphor,  see  GmeUn*s  Handbook,  xiv.  386-388. 

SnntVOirs  TlSSUa.  (Vauquelin,  Ann.  dumus.  d'hist.  nat  1811,  p.  212. — 
Couerbe,  Ann.  Ch.  Phys.  [^  Ivi  164.— FrAmy,  ibid.  [3]  il  463.— Laasaigne, 
J.  Chim-  m6d.  [21  i  344. — Y,  Bibra,  Untersuchungen  uber  das  Grhirn  des  Mensehen 
und  der  WirbeUmere,-^W.  Muller,  jWe  chem,  Bestandth.  des  (?e*«rw*.— Breed,  Ann. 
Ch.  Pharm.  Ixxxiii.  p.  124.) 

The  nervous  system  of  the  higher  ^nimnlii  is  composed,  fbr  the  most  part,  of  aerve- 
fibres  and  nerve-cells  or  nerve-vesides,  the  former  being  found  in  the  nerves,  and  in 
the  "white  matter'*  of  the  brain  and  spinal  cord,  the  latter  in  the  "  grey  matter"  of 
the  same,  in  the  gang^  and  in  some  of  the  peripheral  organs  of  sense.  The  peculiar 
"  electric  organs"  of  certain  fishes  must  be  considered  as  part  of  the  nervous  system  (see 
Elbctbicitt,  ii.  476).  The  nerve-fibre  consists  of— 1.  A  "  sheath,"  probablv  analogous 
in  nature  to  elastic  tissue.— 2.  A  hollow  cylinder  or  "  medullary  substance, '  a  mixture 
of  some  fi>rm  of  albumin  with  various  fatty  bodies,  having  a  homogeneous  appearance 
during  life,  and  undeigoing  a  kind  of  coagulation  after  death. — 3.  A  central  stem  or 
"axis-cylinder,"  composed  of  some  protein-compound  or  compounds  with  little  or  no 
fiit,  thought  by  many  to  be  fluid  during  life  and  to  coagulate  spontaneously  at  death. 
There  are  sJso  other  **  gelatinous  "  fibres  having  a  different  structure.  The  typical 
nerve-vesicle  consists  of : — 1.  An  envelope  probably  continuous  and  identical  in  nature 
with  the   nerve-sheath.— 2.   A  nucleus  (with  nudeolus).— 3.  "  Contents,"  probably 
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composed  of  some  protein-flnbstance  with  &tty  and  other  granules.  The  yesides  or 
ceUs  Taijf  however,  exceedingly  in  form,  size,  &c 

The  reaction  of  living  nerve  is  daring  inaction,  neatral  (amphichromatic) ;  during 
strong  action,  acid ;  the  reaction  of  dead  nerve  is  acid  (Funke,  Arch.  Anat.  Phys. 
1859,  p.  835).  Du  Bois-Reymond  found  the  electric  organs  of  Afalapierurua 
neatral  immediately  after  death,  but  becoming  acid  on  the  tlurd  day  {ibid,  p.  847). 
Nerve-substance,  unlike  muscle-substance,  becomes  acid  when  boiled. 

The  specific  gravity  of  the  "white  matter"  is  1-041,  of  the  "  ^ey  "  1-034. 

Fr^my  represents  100  pts.  of  cerebral  substance  as  consisting  of  80  water,  6  fat^ 
7  albumin,  and  8  extractives  and  salts,  v.  Bibra  gives  75*6  percent,  water,  and  from 
12  to  16  per  cent  &t  The  "  white  matter  "  contains  less  water  than  the  "  grey,"  the 
mean  of  Uie  former  being  78  per  cent,  of  the  latter  85  per  cent  The  "  white  "  is 
richest  in  fat^  possessing  14*8  ^er  cent,  while  the  *'gre^"  has  only  4*7  per  cent 
(Lassaigne).  According  to  v.  Bibra,  the  spinal  cord  contains  less  water  and  more  &t 
than  the  brain,  viz.  66  per  cent,  of  water  and  25  per  cent  of  iat,  while  the  nerves  again 
have  less  water  and  more  fat  than  the  spinal  cord,  though  the  quantities  seem  to  vary 
excessively.  Schlossberger  (MulleriB  Arch.  1 858,  p.  809)  gives  the  brain  of  foetus 
as  containing  from  87'9  to  92*6  per  cent,  of  water  and  from  1*6  to  3'7  per  cent  of  fat, 
results  very  closely  agreeing  wita  those  of  v.  Bibra. 

In  100  pts.  of  fresh  brain,  Breed  found  0-027  ash,  in  100  pts.  of  which  were:— 
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Chloride  of  Sodium  . 
Sulphate  of  Potassium 
Phosphoric  acid  (free) 
Silicic  acid 
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No  department  of  physiological  chemistry  has  been  so  little  studied,  or  studied  with 
BO  UtUe  profit,  as  that  of  the  nervous  tissue.  Exact  knowledge  concerning  the 
protein-compounds  in  it  is  wholly  wanting.  The  substance  forming  the  axis-cylinder 
seems  to  belong  to  the  same  series  as  fibrin  and  syntonin  (myosin) ;  it  differs  from  the 
former  b^  its  insolubilit^r  in  a  solution  of  nitre,  from  the  latter  by  its  insolubility  in 
dilute  acids.  The  protein  constituent  of  the  medullary  substance  and  of  the  cell-con- 
tents seems  to  be  some  form  of  soluble  albumin.  It  has  been  thought  to  be  casein. 
Our  acquaintance  with  the  peculiar  fatty  bodies  is  also  very  unsatisfactory.  Besides 
eholesterin,  which  occurs  to  the  extent  of  20  per  cent  of  total  fat  (v.  Bibra),  olein, 
stearin,  and  palmitin,  there  have  been  obtained  various  bodies  whose  nature  is  much 
disputed.  (See  Cbbsbbotb,  Cbfhaix>tb,  Mteux,  Steabooonotr,  OsBBBRiir,  Cbbbbric 
Acm,  OiiBOPHOSPHOBio  Acn>,  Gltcbbophosfuobio  Acm,  Lbcithin.) 

W.  Miiller  found  in  human  brain  a  small  quantity  of  creatine,  0*05  grm.  in 
4  pounds ;  in  ox-brain  he  found  no  creatine,  but  a  bodv  resembUng  leucine,  together 
with  uric  acid  and  xanthine  or  hypoxanthine.  He  also  found  in  the  same  brain  a 
very  considerable  quantity  of  inosite,  20  grms.  in  50  pounds.  Both  v.  Bibra  and 
W.  Miiller  found  lactic  acid,  the  latter  obtaining  12  grms.  from  50  pounds.  Lorens 
(Henle.-Meissner,  1859,  p.  i290)  found  no  creatine,  leucine,  inosite,  or  lactic  acid; 
he  obtained,  however,  both  xanthine  and  hypoxanthine.  Herz  {iirid,  1860,  p.  311) 
corroborates  Miiller.  M.  Schultze  found  urea  and  creatinine  in  the  electric  organs 
of  the  torpedo.  Formic  and  acetic  acid  are  said  to  be  obtained  by  distillation  of  the 
watery  extract  of  brain.  The  presence  of  the  above  crystalline  bodies  indicates  a 
metamorphosis,  very  similar  to  that  which  probably  takes  place  in  muscles ;  but  we 
know  nothing  of  the  various  steps.  The  large  amount  of  phosphorus  in  nervous 
tissue  (1*388 — 1'79  per  cent  of  ary  brain-substance  according  to  Borsarelli)  has 
prompted  many  to  attribute  much  to  that  particular  element  Mental  effort  is 
said  to  increase  the  phosphates  of  the  urine ;  but  whether  directly  or  indirectly  is 
uncertain. 

Neukomm  (Arch.  Anat  Phys.  1860,  p.  1)  found  in  human  brain  in  various 
diseases,  leucine,  creatine,  and  inosite,  the  latter  at  times  in  very  notable  quantities. 
Tyrosine  was  invariably  absent  Grohe  (Med.  Centr.  1864,  p.  870)  found  glycogen 
(without  sugar)  in  the  brain  of  a  diabetic.  M.  F. 

rauso&ITB.  A  fibrous  mineral  from  Stamstead  in  Lower  Canada,  containing, 
according  to  Thomson,  73'00  per  cent  silica,  17*85  alumina,  3-25  lime^  1-5  magnesia, 
and  4*3  water. 

Syn.  with  Ibidosiokb  (iii.  324). 

Manganic   hydrate  (iii.  810)  from  Neukirchen  in  Alsaco, 
where  it  forms  a  coating  on  red  haematite. 

See  Chlobonicbic  Acm  (i.  921). 
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Symboft  and  Atomic  WefgJkts,  Ni  a  29*37 ;  Nni'  »  68*74. 

This  metal  is  closctlj  allied  to  iron  and  oobalt,  and  is  assoeiated  with  them  in 
meteoritee  as  well  as  in  most  of  its  teirestrial  ores.  The  principal  ore  of  nickel  is 
the  proto-araenide,  Nni''As,  a  copper  coloured  mineral,  to  which  Uie  German  miners, 
having  in  Tain  attempted  to  extract  copper  from  it,  gare  the  name  of  Imp/er-mekei, 
or  iabe  copper.  This  mineral  was  fonna  by  Gronstedt,  in  1761,  to  contain  a  peenliar 
metal  which  he  called  nickel. 

Nickel  also  occurs  as  diarsenide  (white  nickel  pyritfs  or  doanikite) ;  iunenate 
[mckd-Uoom  or  atmahergite);  antimonide  {breithauptite)\  anenio-snlphide  (^er«- 
doffitc  or  mckel-glanee) ;  antimonio-solphide  {uthnamte) ;  as  oxide,  sulphide  (capU- 
lory  pyrites  or  miilerite\  snlphide  of  nickel  and  bismuth  (yrunauite),  sulphide 
of  nidcel  and  iron;  carbonate  (emerald^mckel),  sulphate  {pyromdin)  and  dlHeate 
{pimeUte). 

PmaraHon, — ^Principallj  from  copper-nickel  and  from  ajpeiu.  Speiss  is  a  deposit 
fonned  in  the  pots  in  which  roasted  arsenide  of  cobalt  mixed  with  oopper-niekel  is 
fused  with  carbonate  of  potassium  and  pounded  quartz,  fi>r  the  preparation  of  smalt  in 
the  blue-colour  works;  it  collects  below  the  blue  glass  in  the  form  of  a  metallic 
alloy,  the  nickel  not  oaddising  so  easily  in  roasting  as  the  cobalK  It  oontainB,  besides 
nickel,  principally  iron,  eobidty  manganese,  bismuth,  antimony,  arsenie,  and  sulphur. 
The  followin|;  are  some  analyses  of  speiss:  a,  of  unknown  origin  (Berth ier);  b, 
from  Bohemia  (Anthon,  J.  pr.  ChenL  ix.  12) ;  c.  from  Henninger^s  German'SilTer 
works  I  this  sample  has  been  prerioualy  purified ;  its  stractnre  was  ooarsely  laminar. 
(Francis,  Pogg.  Ann.  1.  519.) 

Ni.  Ca  Fe.  Cu.     Bl.       Sb.  Ai. 

a.  49-0  8-2  .    .  1-6    .     .    trace  37-8 

b.  36-2  1-3  11  V6   21-5     .    .  299 

c.  62-6  3-3  101 341 

The  copper-nickel  or  the  speiss  is  generally  roasted  in  a  state  of  powder  (at  a  gentle 
heat  at  fint,  to  prevent  it  from  bsJcing  together),  whereby  the  greater  part  of  the 
arsenic  is  removea,  the  nickel  oxidated,  and  a  saving  of  nitnc  acid  thus  eiliHEted  in  the 
Bubseqaent  treatment  Since,  Jiowerer,  the  roasting-  process  leaves  a  portion  of  the 
arsenie  combined  with  the  ni^el  in  the  form  of  arsemc  acid,  the  roasted  ore  must  be 
several  times  intimately  mixed  with  charcoal  dust  and  again  roasted,  as  long  as 
vapours  of  arsenic  continue  to  be  evolyed.  Krdmann  moistens  the  roasted  speiss  with 
water  and  places  it  in  a  cellar  for  some  tune^  whereby  it  is  rendered  more  easUy 
aolubleu 

The  further  separation  of  the  azsenio  and  other  metals  may  be  effected  by  one  of 
the  following  processes : 

1.  Langier  dissolves  the  roasted  oopper-nickel  or  the  speiss  in  nitric  acid,  passes 
sulphuretted  hydrogen  through  the  dilute  acid  solution  till  all  the  arsenic,  copper, 
bismuth,  and  antimony  are  precipitated ;  then  filters ;  precipitates  all  the  iron,  cobalt, 
and  nickel  with  oazbonate  of  sodium ;  washes  the  precipitate  thoroughly,  and  trsats  it 
first  with  oxalic  add  and  then  with  ammonia,  as  desmbed  with  reference  to  the  prepara- 
tion of  cobalt  (L 1040),  repeating  the  solution  of  the  nickel-oxalate  in  aqueous  ammonia^ 
till  the  liquid  which  stands  above  the  resulting  precipitate  no  longer  exhibits  a  rose- 
colour,  and  is  almost  wholly  free  from  cobalt 

2.  Berth  ier  dissolves  roasted  speiss  or  roasted  oopper-nickel — together  with  the 

auantity  of  iron  found  by  previous  experiments  to  be  necessary  for  the  separation  of 
ie  arsenic  add — in  boiling  nitromuriatio  add  containing  excess  of  nitric  add; 
evrnporates  the  solution  to  dryness;  treats  the  reddue  with  water,  which  learee  a  large 
quantity  of  ferric  arsenate  undissolved :  and  adds  carbonate  of  sodium  to  the  filtrate, 
stirring  all  ttie  while,  till  the  predpitate  begins  to  exhibit  a  green  tint :  the  whole  of 
the  ferric  arsenate  is  thereby  thrown  down,  together  with  part  of  the  cupric  oxide.  If 
the  predpitate,  which  is  wlute  at  first,  does  not  ultimately  turn  brown,  it  is  a  sign  that 
the  quantatf  <k  ferric  oxide  present  is  not  sufficient  to  carry  down  the  arsenic  add 
with  it;  consequently,  more  ferric  chloride  must  be  added,  and  the  ferric  oxide 
again  cautiously  predpitated  by  carbonate  of  sodium.  The  filtrate  is  next  treated  with 
sulph^drie  add  to  predpitate  the  rest  of  the  copper ;  the  liquid  filtered  from  the 
sulphide  of  copper  is  completely  predpitated  at  a  boiling  heat  by  earbonate  of 
sodinm ;  the  precipitate,  consisting  of  the  carbonates  of  nickel  and  cobalt,  thoiou^hlj 
washed  and  difihsed  in  water;  chlorine^  passed  through  the  liquid  as  long  as  it  is 
absorbed ;  the  solution  exposed  to  the  air  to  allow  the  excess  of  chlorine  to  evaporate, 
and  then  filtered.  The  filtrate  contains  chloride  of  niokel  free  from  cobalt ;  it  may  be 
predpitated  by  an  alkali. 

3.  Boasted  speiss  is  digested  in  hydrochloric  add,  which  leayes  nothing  undissolved 
but  3  or  4  per  cent  of  sutphur,  and  a  few  granules  which  have  retained  their  metallio 
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state;  the  liquid  is  diluted  with  water,  and  separated  by  filtratioii  fiom  tiie 
precipitated  ozychloride  of  bismuth ;  the  filtrate  heated  to  the  boiUug  point ;  aqueous 
ferric  chloride  added  to  it^  and  then  milk  of  lime  in  small  portions — the  boiling 
being  stiU  continued — till  a  filtered  sample  exhibits  no  loneer  a  pale  green,  but 
bluiw-green  colour,  and  gives  with  potash  a  precipitate,  which,  when  heated  on 
fharwftl  before  the  blowpipe,  yields  an  infusible  mass  of  spongy  nickeL  As  long  as 
the  redu(^9d  nickel  continues  fusible,  arsenic  is  present,  and  ftuther  addition  of  lime  ia 
necessaiy ;  it  is  best  to  add  the  lime  in  slight  excess,  in  order  to  insure  the  complete 
separation  of  the  arsenic.  The  liauid  is  wen  filtered,  and  the  nickel  precipitated  by 
milk  of  lime  free  from  iron.    (Erdmann.) 

4.  Unroasted  speiss  is  fused  with  sulphur  and  carbonate  of  potassium,  as  described 
fbr  the  preparation  of  cobalt  (1.  1040,  4) ;  and  the  resulting  sulphide  of  nickel  (which 
appears  free  from  arsenic  after  one  such  fusion  and  subsequent  wanhing  with  water) 
is  dissolved  in  nitric  acid  or  a  mixture  of  nitric  and  sulphuric  acids,  and  subjected  to 
fturther  treatment  for  the  separation  of  bismuth,  copper  and  cobalt,  as  described  under 
Cobalt.    (Wohler,  Pog^.  Ann.  vL  227.) 

6.  Thomson  (Ann.  Phil.  xiv.  144)  digests  pounded  speiss  in  dilute  sulphuric  add, 
frequently  adding  pitric  acid  as  long  as  any  action  is  thereby  produced ;  then  decants 
the  green  solution  from  the  arsenious  acid  which  separates ;  and  after  evaporation  and 
coolmg,  adds  to  the  solution  either  sulphate  of  potassium,  or  a  quantity  of  carbonate 
equal  to  half  the  weight  of  the  speiss.  The  liquid,  after  concentration  and  repose^ 
deposits  crystals  of  niccolo-potassic  sulphate,  which  may  be  further  purified  by  a 
second  crystallisation. 

6.  Cloez  (Jahresb.  1857,  p.  619)  dissolves  finely  pulverised  and  perfectly  roasted 
copper-nickel  in  strong  hydrochloric  add;  mixes  the  solution  with  excess  of  acid  sul- 
phite of  sodium ;  and  boils  till  the  arsenic  acid  is  completely  reduced  to  arsenious  add, 
and  the  excess  of  sulphurous  add  is  driven  oiF;  then  passes  sulphvdric  add  gas  through 
the  lukewarm  liquid  to  predpitate  arsenic,  copper,  antimony,  lead  and  bismuth  ;  filters 
the  saturated  liquid  after  twelve  hours'  stanmng ;  evaporates  the  filtrate ;  treats  the 
residue  with  water;  predpitates  iron  and  cobalt  from  the  filtrate  by  carbonate  of 
barium  or  caldum,  after  treating  it  with  chlorine ;  and  removes  the  dissolved  baryta  or 
lime  with  sulphuric  add.  The  filtered  liquid  then  yields  with  carbonate  of  sodium  a 
predpitate  of  pure  carbonate  of  nickel,  which  may  be  ignited  and  reduced.  The  solution 
of  speiss  in  nitro-muriatic  add  may  be  treated  in  the  same  manner,  after  the  nitrio 
add  has  been  expelled  by  boiling  with  excess  of  hydrochloric  add. 

7.  The  following  method  is  adoiited  in  a  manu&ctory  at  Birmingham  for  separating 
nickel  and  cobalt  from  the  Hungarian  speiss,  containing  6  per  cent  of  nickel  and  3  per 
cent  of  cobalt.  The  ore  is  first  fused  with  chalk  and  fluorspar,  the  slag  thrown  away, 
and  the  fused  product  is  ground  to  powder,  and  roasted  for  12  hours  in  a  reverberatory 
fbmace,  till  no  more  fumes  of  arseniouB  add  are  given  off.  The  roasted  product  then 
dissolves  almost  completely  in  hydrochloric  acid.  The  solution  is  diluted  with  water, 
mixed  with  chloride  of  lime  to  convert  the  iron  into  sesquioxide,  and  with  milk  of 
lime  to  predpitate  that  oxide  together  with  the  arsenic.  The  predpitate  (which  is  of 
no  fiirther  use)  is  then  washed,  and  sulphuretted  hydrogen  passed  through  the  dear 
liquid  till  a  filtered  sample  gives  a  black  precipitate  on  the  addition  of  ammonia,  llie 
predpitated  sulphides  (which  are  likewise  of  no  further  use)  having  been  washed  with 
water,  the  solution  is  next  treated  with  chloride  of  lime  to  predpitate  the  cobalt^  and 
then  with  milk  of  lime  to  throw  down  the  nickel.  The  cobalt-precipitate  is  converted 
dther  into  sesquioxide  by  gentle  ignition,  or  into  protoxide  by  strong  ignition,  and 
sent  into  the  market  in  one  or  other  of  these  forms :  it  is  said  to  be  very  pure.  The 
predpitated  nickel  is  reduced  by  charcoal,  and  sold  to  the  manufacturers  of  German 
silver.     (Louyet,  J.  Pharm.  [3]  xv.  204.) 

8.  At  Klefva  in  Sweden,  a  magnetic  pyrites  containing  copper  and  nickel  is  worked 
for  the  extraction  of  the  latter  metaL  The  ore  after  being  roasted  in  heaps  is  fused  in 
a  shaft-fiimace,  with  addition  of  quarts.  The  greater  part  of  the  iron  then  panses  into 
the  slag,  as  silicate,  in  the  treatment  of  copper-ores  (ii.  24),  and  a  matt  is  obtained 
containing  about  6  per  cent  nickel,  together  with  copper,  iron,  and  sometimes  a  little 
sulphur.  This  matt  is  reduced  to  coarse  powder  and  roasted  in  a  reverberatory  furnace, 
then  fused  again  in  a  shaft-furnace.  After  a  certain  number  of  alternate  frinons  and 
calcinations  thus  conducted,  matts  are  obtained  very  rich  in  nickel,  the  final  product 
being  an  alloy  formed  of  70 — 80  per  cent  nickel,  18—22  copper,  and  1*6  to  2*6  iron. 
This  alloy  is  broken  up  into  small  pieces  and  sent  into  the  market  as  "  CEystallised 
nickel."    (Pelouze  et  Fr^my,  7>aiU,  3me.  ed.  iii.  530.) 

For  other  modes  of  preparation  see  the  work  just  cited;  also  Gmdin*s  Handbook^ 
V.  855-36a 

In  all  processes  for  obtaining  a  pure  Mlt  of  nic&el,  the  most  difficult  point  is  the 
separation  of  the  cobalt    The  methods  of  separating  these  two  metals  have  been 


NICKEL  :  ALLOYS— ANTIMONroE  OF.  35 

« 

already  dfiocribed  under  Cobaixt  (i.  1046);  the  best  and  easiest  of  execution  is  perhapa 
that  of  A.  Stromeyer  fbonded  on  the  precipitation  of  cobalt  bj  nitrite  of  potaatiam. 
Good  results  are  also  obtained  bj  Ltebig's  method  with  cyanide  of  potassium  and  mer* 
curie  oxide  ^see  farther  p.  39),  and  by  that  of  H.  Boee  with  chlorine  and  carbonate  of 
barium,  as  in  the  sixth  mode  of  preparation  above  described,  which  yielda  ft  per- 
fectly pure  salt  of  nickeL 

Reduction. — ^A  pure  solution  of  nickel  having  been  obtained  by  one  of  the  processes 
above  described,  it  is  precipitated  by  a  caustic  alkali  or  alkaline  carbonate ;  tne  bulky 
precipitate  of  hydrate  or  carbonate  of  nickel  is  carefully  washed ;  then  spread  out  on 
filters  to  dry,  and  the  desiccation  is  finished  by  heat.  The  dried  precipitate  is  then 
introduced,  either  alone  or  made  up  into  a  stiiF  paste  with  oil,  into  a  crucible  Hned  with 
charcoal,  and  exposed  to  the  heatoiapowerful  air-  or  blast-fdmace,  wherel^the  metal  is 
obtained  in  the  form  of  a  fused  mass.  On  the  large  scale  the  reduction  is  effected  by  a 
cementation  process.  A  number  of  cylinders  of  ref^tory  day  are  set  vertically  in  a 
fiiniaoe  so  that  the  flame  may  play  round  them  on  all  sides.  Thev  are  open  at  top  and 
terminate  below  in  truncated  cones,  the  bases  of  which  are  daIow  the  fire-bars, 
and  are  provided  with  apertures  for  removing  the  charge.  The  dried  oxide  of  nickel, 
in  lumps  or  small  cubes  measuring  about  0*02  mm.  in  the  side,  is  mixed  wil^  pulverised 
chaieoal  and  thrown  in  at  the  top  of  the  cvUnder,  and  the  fire  is  strongly  urged.  The 
oxide  of  nickel  is  then  decomposed  by  the  heated  carbonic  oxide  in  the  furnace,  the 
reduced  metal  retaining  the  n>rm  of  the  lumps  or  cubes  of  oxide  introduced.  The 
reduced  metal  is  discharged  from  time  to  time  through  the  orifioes  in  the  bottoms  of 
the  cylinders,  a  fresh  ch^e  being  at  the  same  time  mtroduced  by  the  top,  so  that  the 
prooess  is  to  a  cettain  extent  continuous.  To  obtain  the  metal  in  ingots,  the  lumps 
formed  as  above  are  fused  at  the  strongest  heat  of  a  forge-fire. 

Metallic  nickel  may  also  be  obtained  by  igniting  the  oxide  in  hydrogen  eas;  or  by 
heating  oxalate  of  nidcel  or  of  nickel-ammonium  under  a  layer  of  pounded  glass  not 
containing  any  heavy  metal.    These  processes  yield  it  in  the  pulverulent  form. 

Nickel  may  be  obtained  in  brilliant  white  liunin»  by  ihe  electrolvsis  of  an  ammo- 
niacal  solution  of  sulphate  of  nickel  and  ammonium.  (A.  C.  ana  £.  Becquerel, 
Comptw  rend.  Iv.  18.) 

The  nickel  of  commerce  is  seldom  pore.  Lassaigne  found  the  composition  of  three 
samples  from  different  sources  to  be  as  follows : 

Gemuui     • 

English 

L.  Thompson  (London  Journal  of  Arts,  Feb.  1863,  p.  66)  found  in  various  samples 
of  commercial  nickel  from  76  to  86  per  cent,  of  the  pure  metaL  He  obtained  a  purer 
product  containing  *88  per  cent,  nickel  by  roasUnff  nickel-glance  (arsenio-sulphide  of 
nickel)  with  half  its  weight  of  quicklime  in  a  cupola-fumace  urged  by  a  blast 

Prtyperties, — Pure  nickel  in  the  compact  state  is  silver-white,  ductile,  malleable,  not 
much  more  fusible  than  iron,  which,  according  to  Deville,  it  even  surpasses  in  tenacity. 
Kiekel  containing  small  quantities  of  carbon  is  more  fusible  than  the  pure  metal.  The 
epedfie  grav^  A  nickel  is  8'279,  increasing  to  8*666  by  forging.  Nickel  is  magnetie 
at  ordinary  temperatures,  but  loses  this  power  at  260^,  recovering  it  however  on 
cooling.  Nickel  previously  heated  bums  in  oxygen  gas  like  iron,  and  is  converted  into 
•oxide.  The  pulverulent  metal  obtained  by  reduction  in  hydrogen  at  a  low  red  heat, 
takes  fire  spontaneously  in  contact  with  the  air.  Nickel  dissolves  in  hydroehiorio  acid 
and  in  dilute  tuifhuHo  acid  with  evolution  of  hydrogen,  easily  in  mtrio  and  in  nUrO' 
fnuriaiie  acid. 
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OV.  Nickel  unites  with  other  metals,  forming  for  the 
most  part  white  malleable  alloys  (see  the  several  metals).  The  most  imporUnt  is  the 
alloy  of  niekel,  copper  and  zinc,  known  as  German  silver  (see  Cofpbb,  Allots  or,  il  61). 
Meteoric  iron  is  an  alloy  of  ironand  nickel  (see  Mbtbobitbs,  iiL  377).  An  alloy  of  niokel 
and  alumimum,  Al'Ni,  is  obtained  in  large  tin-white  lanunae^  of  sp.  gr.  8*647,  bjr  melt- 
ing 8  pts.  aluminium  with  3  pts.  sublimed  chloride  of  nickd  ana  20  pts.  chloride  of 
potassium  and  sodium,  and  treating  the  resulting  reffulus  with  dilute  hydrochloric  acid 
Michel,  Ann.  Oh.  Phkrm.  cxv.  102).  The  alloys  of  nickel  with  arsemc  and  antimony 
oecnr  as  natural  minerals. 


I  or.  AntvnumUd  Ntekd,  BreiihaupHU,  Ni^Sb  or 
Nni'lBb. — This  mincnl  was  formerly  found  iiv  the  Andreasbeig  mountains,  but  has 
long  been  exhausted ;  it  occurred  in  thin  hexagonal  plates,  also  massive  and  dissem- 
1nat«d,  with  metallic  lustre^  li^t  copper^red  dolour  on  tfaefresh  fracture ;  sp.  gr.  7*641 ; 
hardness  6'6, 

D  2 
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moxaiiv  AVTIMOWZO-SU&rBnMI  OV.     See  NlOXSL-oi.A^rai  (p,  49). 

VZOXaK,  MMmmmJLVm  OV.  AnnabergiU,  Nickd-bioom,  Niekel-areen, 
Ni»AaO*.4HK)  or  Nn"i«A8«0«.8H«0.— This  compound  occurs  native  in  soft,  apple-green, 
cpillaiy,  monodinic  ciystala,  also  massiTe  and  disaeminated.  Hardnew  «  2*6  to  8*0. 
8p.  gr.  -  8-078 — 8-181.  The  following  analyses  are^o.  by  Berth ier  (Ann.  Ch. 
Phys.  [2]  xiii.  6  '^b,  by  8  tromeyer  (Schir.  J.  xxt.  220) ;  e.  by  Kersten(Pogg.  Ann. 
z.  261): 

A«>0>.    Nl<0.      Ck^O.    11*0. 

a.  AUemont         86*8      36*2      2*5      26-6  -  101 

b.  Riechelsdorf   86*97     37*85      .    .     24*32     FeK>*  118,  SO*  0*28  »  100 

c.  Sohneebery      88*30    86*20     1*53    23*91    F^O  trace  —     99*94 

The  formula  requires  38*41  As'O*,  87*52  NIK)  and  240  H*0.  The  mineral  occurs  on 
white  nickel,  at  Allemont  in  Dauphiny,  and  is  supposed  to  result  fbom  a  decomposition 
of  this  ore ;  it  is  found  also  at  Kamsdorf  near  Saalfeld,  at  Annaberg,  and  in  other  mines 
of  nickel  ores.  It  has  occasionally  been  observed  associated  with  copper-nickel,  in 
the  cobalt  mine  at  Chatham,  Connecticut  (Dana,  ii.  418).  Bespecting  the  artificial 
arsenate  of  nickel,  see  i.  313. 


^    Hi  OV.    A  very  small  quantity  of  arsenic  is  sufficient  to 

render  nickel  fdsible  before  the  blowpipe  unoer  borax.    (Berzelius.) 

a.  Ni^As  or  Nni'As.  A  brittle  non-maffnetic  alloy  having  this  composition,  is 
obtained  by  heating  100  pts.  of  finely  divided  nickel  in  a  close  vessel  with  excess  (200 
pts.)  of  arsenic,  or  by  heatine  arsenate  of  nickel  to  whiteness  in  a  charooal-lined 
crucible.  L.  Gmelin  (Hdndbookf  v.  388)  describes,  on  the  authority  of  Plattner,  an 
arsenide  of  nickel  called  Placodin^  having  nearly  the  same  composition,  vis.  57*05  per 
cent  nickel,  39*71  arsenic,  0*92  cobalt,  0*86  copper,  a  trace  of  iron,  and  0*62  sulphur. 

iS.  Ni'As  or  Nni'As*.  Speiss  is  sometimes  found  in  ciystals  of  the  dimetric  system 
havinff  this  composition.  A  specimen  from  a  disused  smalt-furnace  was  fbund  by 
Wo  hie r  (Fogg.  Ann.  xxv.  302)  to  contain  52*70  per  cent  nickel,  44*05  arsenic,  1*65 
sulphur,  and  1*60  manganese,  iron,  and  copper,  the  formula  Ki'As  requiring  54*13  nickel 
and  45*87  arsenic.  TMs  crystallised  speiss,  which  is  sometimes  found  in  the  speiss  run 
out  from  the  crucibles,  appears  to  be  produced  by  long  continued  fusion  of  copper-nickel 
contained  in  cobalt  ores. 

y,  Ni'As  or  NniAs.  This  is  the  comi)08ition  of  Copper^tekd,  the  jirineipid  ore  of 
the  metal,  which  occurs  in  hexagonal  prisms,  oP .  ooP,  isomorphous  with  antimonial 
nickel,  having  the  length  of  the  principal  axis  -■  0*81944,  more  f!requently  massive, 
with  nearly  impalpable  structure ;  also  reniform  with  columnar  structure ;  also  reticu- 
lated and  arborescent  Hardness  »  6-5,  Sp.  gr. «»  7*33 — 7*671.  Opaque,  with  metallic 
lustre  and  copper-red  colour,  with  a  grey  to  blackish  tarnish.  Streak  pale  brownish- 
black.  Fractare  uneven.  Brittle.  Before  the  blowpipe  on  charcoal,  it  emits  arsenical 
fumes,  and  melt9  to  a  white  globule,  which  darkens  on  exposure  to  the  air.  In  nitric 
acid  it  becomes  covered  with  a  green  coating  and  dissolves  in  nitro-muriatic  add. 

Andlyses.—^i,  From  Biechelsdorf  (Stromever,  Ghdtt«  gel  Anz.  1817,  p.  204). — 
b.  From  Krageroe in  Norway :  sp.  gr.  7*662  (Scneerer,  Pogg.  Ann.  Ixv.  292). — c, From 
Ayer:  sp.gr.  7*39  (Ebelmen,  iGin.  Min.  [4]  xi.  66).— d.  Westphalia  (Sch nab  el, 
JiammeUb^s  Mineridchemie,  p.  20). — e,  Allemont  in  Dauphiny  (Berthier,  Ann.  Ch. 
Phys.  [2]  xiii  52).—/.  From  Balen  in  the  Pyrenees  (Berthier,  ^.  ctY.): 
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Copper -nickel  is  found  accompanying  cobalt,  silver  and  copper,  in  the  Saxon  mines  of 
Annaberg,  Schneeberg,  &c ;  also  in  Thuringia,  Hesse  and  Styria,  and  at  the  other 
localities  above-mentioned ;  occasionally  also  in  Cornwall,  and  at  Leadhills  in  Scotland. 
At  Chatham,  Connecticut,  it  is  found  in  gneiss,  associated  with  arsenide  of  cobalt 

8.  NiAs  or  NniAs*.  This  compound  occure  in  two  forms: — 1.  As  daanthite  or 
WMU  Nickel^  in  monometrie  forms,  viz.  cubes,  octahedrons,  trapezohedrons,  202,  and 
the  combinations  shown  in  figures  174,  175,  176,  202,  205,  &c.  (li.  2>p.  123,  124,  180), 
isomorphous  with  smaltin,  C<»As*  (i.  1040). — 2.  As  RaanmeUbergite^  in  trimetric  prisms 
bavine  the  angle  ooP :  ooP  b  123^ — 124^.  Also  massive  and  in  reticulated  and 
imitative  shapes.  Hardness  »  5*25  to  6.  Specific  gravity  -*  6*466 — 7*2.  Lustre 
metallic.    Colour  tin-white^  inclining  when  massive  to  steel-grey.    Streak  greyish 


NICKEL:    DETECTION  AND  ESTIMATION.  37 

black.    Opaqae.    Fracture  granular  and  uneven.    Brittle;  BammeUbergite^  however, 
is  slightly  ductile.    Behaves  before  the  blowpipe  like  oopper-nickeL 

Anah9e§. — a.  From  Schneeberg  (Hof  m  a  n  n,  x^ogg.  Ann.  xzv.  491,  494). — b,  Riechels- 
dorf  ^Booth,  ibid,  xzxii.  395). — e,  Joachimsthal  in  Bohemia:  specific  gravity  6'89 
(Marian,  BammeUber^s  Mineralehende,  p.  21). — d.  Kamadorf  near  Saalfeld:  speciflo 
gravi^  6*786  (Bammelsberg,  ibid.). — e.  The  Annivierthalintheyalaia(Berthier, 
Ann.  Min.  [8]  zi.  604).—/.  Allemont  (Bammelsberg,  loo.  eit.). — ^.  Chatham,  Con- 
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Qoanthite  occurs  with  silver  and  copper  in  the  same  localities  as  smaltin  (ii.  1040) ; 
the  Connecticut  mineral  {Chathafnite)  occurs  in  miea-idate,  associated  generally  with 
mispickel  and  sometimes  with  copper  nickel.  Bammelsbergite  is  found  at  Schneeberg 
and  at  Biechelwlorl 

Qoanthite  and  smaltin  may  be  regarded  as  belonging  to  the  same  mineral  species, 
indeed  the  nickel  and  cobalt  are  found  replacing  one  another  in  all  proportions  without 
any  alteration  in  the  oystalline  form  of  the  mmeral  (see  Dana,  u.  67).  There  are 
alao  minerals,  still  occurring  in  the  same  forms,  in  which  the  number  of  atoms  of  arsenic 
is  to  that  of  the  positive  metalp  (nickel,  cobalt,  iron)  as  4  :  8  and  as  3  :  2,  the  percen- 
tage of  arsenic  in  the  former  being  about  75,  and  in  the  latter  78  or  79.  These  mono- 
metric  arsenides  of  nickel  and  cobalt  may  therefore  be  included  in  the  general  formula 
R^As",  where  B  stands  for  nickel,  cobalt,  and  iron  (regarded  as  monatomic  metals)  re- 
placing one  another  isomorphously.    (Sanundsber^s  Mineralchtmie,  p.  25.) 

VZOXB&*  ABSawxoSVUraanB  bv.    See  Nickbl-olakob  (p.  43). 

VXCSB&,  BmoXIBB  OV.  NiBr  or  Nni'^r'.— The  anhydrous  bromide  obtained 
by  passing  bromine-vapour  over  red-hot  nickel-filings,  forms  shining  yellow  scales 
soluble  in  water,  alcohol  and  ether;  the  aqueous  solution  yields  by  evaporation  green 
crrstals  of  the  hydrated  bromide  NninBr*.3H*0. 

Bromide  of  nickel  unites  with  ammonia^  either  in  the  dry  or  in  the  wet  way,  forming  the 
compound  NiBr.3NH'  or  Nni'^r'.ONH'.  It  forms  liffht  blue  crystals,  soluble  in  a  small 
quantity  of  water,  but  decomposed  on  diluting  the  solution. 

WZCXS&v  GABSOWATB  OV.  Occurs  native  as  Eaurtdd-mehel  (see  Cabbo- 
KATBfl^  i.  789). 

WtCMMM^  OBZ4imZBS  OV.  NiCl  or  Nni^Cl*.— Obtained  by  heating  nickel- 
filings  to  low  redness  in  a  stream  of  chlorine,  or  by  gently  heatins  the  hydrated  chloride. 
It  is  volatile  and  sublimes  at  an  incipient  red  heat,  in  golden-ydlow  s^es  like  mosaic 
gold.  It  is  decomposed  by  hydrogen  at  a  red  heai  yielding  a  shining  coherent  mass 
of  metallic  nickeL 

Anhydrous  chloride  of  nickel  dissolves  in  water  after  prolonged  boiling,  yielding  a 
solution  of  a  fine  green  colour,  which  may  be  likewise  formed  by  diuolving  the  oxide 
or  carbonate  of  nidcel  in  hydrochloric  acid.  This  solution,  when  evaporated,  deposits 
the  hydrated  chloride,  Nni"Cl*.9H*0,  in  green  crystals,  which  when  exposed  to  the  air, 
deliquesce  or  efBoresce  slightly,  aocordine  to  the  quantity  of  moisture  present.  Chloride 
of  nickel  dissolves  slightly  also  in  alcohol. 

Anhydrous  chloride  of  nickel  absorbs  ammonia  gas,  forming  the  ammoni^hchloride, 
KiCL3NH*,  analogous  to  the  ammonio-bromide  above  described  (H.  Bo  se).  The  same 
compound  is  obtained  in  blue  octahedrons  by  dissolving  chloride  of  nickel  in  warm 
caustic  ammonia  in  a  closed  vesseL     (Erdmann.) 

Chloride  of  Nickel  and  Ammoniuin,  NH*Cl.Nni"Cl*.6H'0,  is  deposited  on  mixinff 
1  pt.  of  hydrochloric  acid  saturated  with  ammonia,  and  2  pts.  of  the  same  acid  saturated 
with  carbonate  of  nickel,  in  deliquescent  crystals  isomorphous  with  the  corresponding 
magnesium-salt.    (Hants.) 

VZCSB&,  BBTBCTZOW  A«»  SBTIXATXOV  OV.  1.  BloVfpipe  Be- 
actions. — All  nickel-salts  heated  with  carbonate  of  sodium  on  charcoal  in  the  inner 
flame  are  easily  reduced  to  a  grey  metallic  powder,  which  is  attracted  by  the  magnet 
With  borax  they  give,  in  the  outer  fiame,  a  clear  bead  which  is  hyacinth-red  while  hot, 
and  pale  or  dark  yellow  (according  to  the  'quantitr|r  of  nickel  present)  on  cooling ;  the 
additbn  of  nitratti  or  any  other  saU  of  potassium  gives  a  blue  or  dark  purple  coJonr  to 
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the  bead.  In  the  inner  flame  the  bead  beoomee  grey  and  opaque,  owing  to  the  reduc- 
tion of  the  metaL  With  microco$mie  salt  they  gire  in  both  flamea  a  dear  bead  which 
18  dark  yellow  while  hot»  and  almost  oolonrleas  on  cooling.  The  presence  of  cobalt, 
even  in  small  quantity,  masks  these  reactions  to  a  great  extent,  by  the  deep  bine  colour 
which  it  produces. 

2.  Beaction$  in  Solution, — Nickel  forms  but  one  dass  of  salts,  and  these  are 
analogous  in  composition  to  the  chloride  abore  described ;  they  are  green  in  solution 
or  when  they  contain  water  of  cnrstaliisation ;  yellow  when  anhydrous.  Their  solutions 
redden  litmus. — SiUphydrie  acid  does  not  predpitate  nickel-salts  from  acid  solutions, 
and  only  yety  partially  from  a  neutral  solution  of  a  salt  of  a  mineral  add,  sudi  as  the 
sulphate  or  chloride ;  but  acetate  of  nickel,  or  any  nickel-salt  mixed  with  acetate  of 
sodium,  is  completely  predpitated  by  sulphydrie  aad  on  heatinff  the  solution,  unless  a 
large  excess  of  acetic  add  is  present  The  predpitated  sulphide  is  black,  difficultlT 
soluble  in  dilute  hydrochloric  or  acetic  add,  easily  in  nitnc  or  nitro-muriatic  acid. 
Sulphide  of  ammonium  nrmpitates  sulphide  of  nidcel,  sUghtly  soluble  in  the  reagent^ 
forming  a  dark-brown  solution,  whence  the  sulphide  is  precipitated  by  boilin^f.  (Hence, 
a  brown  colour  in  -the  filtrate  from  the  sulphide  of  ammomum  precipitate  is  a  sign  of 
the  probable  presence  of  nickd.) — Hydrocyamo  acid  predpitates  all  the  nickel  as 
greenish-white  cjranide,  from  acetate  of  nickd,  or  fbom  any  nidcel-salt  mixed  with  soffi- 
dent  acetate  of  sodium. — Cyanide  of  potassium  predpitates  the  cyanide  from  all 
nickd-salts ;  excess  of  the  reagent  dissolves  the  cyanide  of  nickel,  forming  a  soluble 
double  OTanide  of  nidsd  and  potassium,  which  is  decomposed  by  dilute  sulphuric  or 
hydrochloric  add,  hydrocyanic  acid  being  evolved,  and  cyanide  of  nickel  predpitated, 
which  requires  boiling  with  excess  of  add  for  its  converdon  into  a  soluble  nickel- 
salt.  Ferroeytmide  of  potassium  gives  a  greeniBh-white  predpitate ;  ferricyanide  a 
yellowish-ereen  predpitate,  both  insoluble  in  hydrochloric  ad£ — Phosphate  or  arse- 
nate of  sodium  sives  a  greenish-white  predpitate  of  phosphate  or  arsenate  of  nickeL 
OxaUc  acid  gradually  predpitates  all  the  nickel  as  greemsh-white  oxalate,  soluble  in 
ammonia;  when  the  solution  is  exposed  to  the  ab,  the  oxalate  of  nickd  slowly 
separates  out. — Alkaline  carbonates  predpitate  an  apple-green  basic  carbonate,  soluble 
with  greenifih-blue  colour  in  excess  of  carbonate  or  ammonium. — Potash  predpitates 
the  apple-green  hydrate,  insoluble  in  excess,  soluble  in  ammoniacal  salts. — Afnmonia 
does  not  precipitate  nickel-salts  when  free  add  or  chloride  of  ammonium  is  present ; 
from  neutral  solutions  it  partially  predpitates  the  hydrate,  which  is  soluble  in  excess, 
forming  a  blue  solution,  whence  the  hydrater  is  predpitated  on  the  addition  of  suffi- 
dent  potash.  If  but  little  nickel  be  present,  the  ammoniacal  solution  becomes  distinctly 
blue  only  after  )ong  exposure  to  the  sir. — Alkaline  hypochlorites  mixed  with  caustio 
alkali  (a  solution  of  bleaching  powder  or  chloride  of  sooa  for  example)  form  a  black 
precipitate  of  hydrated  peroxide  of  nickeL 

3.  Quantitative  Estimation, — Nidcel  is  best  predpitated  from  its  solutions  by 
caustic  votash,  which  throws  down  an  apple-green  precipitate  of  the  hydrated  protoxide, 
and  if  tne  liquid  be  heated,  leaves  not  a  trace  of  nickel  in  the  solution.  The  predpi- 
tate must  be  washed  with  hot  water,  dried,  ignited,  and  weighed ;  it  then  consists  of 
pure  protoxide  of  nickel,  containing  78*67  per  cent,  of  the  metal. 

The  oxide  may  also  be  reduced  by  heating  it  to  redness  in  a  stream  of  hydrogen, 
and  the  reduced  metal  weighed  after  cooling  in  the  stream  of  gas. 

In  separating  nickel  from  other  metals,  it  is  often  necessary  to  predpitate  it  by  suU 
phide  Of  ammonium ;  this  precipitation  is  attended  with  difficulties,  iMcause  the  sul- 
phide of  nickel  is  somewhat  soluble  in  the  alkaline  sulphide.  To  make  the  predpita- 
tion  as  complete  as  posdble,  Bose  directs  that  the  solution  be  diluted  with  a  cendderable 
quantity  of  water,  and  then  treated  with  sulphide  of  ammonium,  as  nearly  colourless 
as  it  can  be  obtained,  avoiding  a  large  excess  of  the  predpitant  and  likewise  an  excess 
of  ammonia ;  the  glass  is  then  to  be  covered  up  with  filtering  paper,  and  left  in  a  warm 
place.  Under  these  drcumstances,  the  excess  of  sulphide  of  ammonium  is  decomposed 
by  the  oxygen  and  carbonic  add  of  the  sir,  without  risk  of  the  sulphide  of  nickel  being 
oxidised.  As  soon  as  the  supernatant  liquid  has  lost  its  brown  colour,  the  predpitate 
is  collected  on  a  filter  and  washed  as  quickly  as  posdble  with  water  containing  a  little 
sulphide  of  ammonium.  It  must  then  be  dissdved  in  nitromuriatic  acid,  and  the 
nickel  predpitated  by  potash  as  above. 

4.  Separation  from  other  Metals. — ^The  methods  of  separating  nickel  fix>m 
other  metals  are  for  the  most  part  the  same  as  those  already  described  for  sepanNting 
cobalt  from  the  same  metals  (i.  1046),  excepting  of  course  the  predpitation  with  nitrite  of 
potasdum,  and  the  other  methods  which  serve  for  theseparation  of  cobaltfrom  nickd  itseH 
From  c  opp  er  and  the  other  metals  of  the  first  group,  it  is  separated  by  sulphydrie  acid; 
from  the  metals  of  the  alkalis  and  alkaline  earths  and  from  magnesium, 
by  predpitation  with  sulphide  of  ammonMim^  with  the  precautions  above  indicated,  and 
in  the  case  of  m  agn  e  si  a»  with  addition  of  ml-ammomac  to  retain  that  base  in  solution. 
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Vickel  maf  sometimefl  be  separated  from  the  alk  ali-m  e  tal  b  by  eTaporatmg  the  whole 
to  diyness  and  igniting  the  mixture  in  a  current  of  hydrogen,  whereby  the  nickel  is 
reduced  to  the  metallic  state  and  may  be  separated  from  the  alkaline  salts  by  dissolring 
Dut  the  latter  with  water.  This  mode  of  separation  is  espedally  applicable  when  the 
metals  are  in  the  state  of  chloride. 

From  magnesium,  nickel  may  be  separated  by  eyanids  of  potassium.  The  two 
metals  are  Unt  precipitated  by  an  alkaline  carbonate^  and  cyanide  of  potassium  is  then 
added  in  quantity  simlcient  to  redissolve  the  magnesium,  a  fresh  quantity  of  alkaline 
carbonate  is  then  added,  and  the  whole  is  eraporated  to  drrnras.  On  treating  the  rew 
sidne  with  water,  the  magnesia  remains  uncUssolTed,  while  me  nickel  dissolves  as  double 
cyanide,  and  may  be  precipitated  by  sulphide  of  ammonium  as  above. 

When  the  magnesium  and  nickel  can  be  converted  into  neutral  acetates,  the  separa- 
tion is  easily  effected  by  passing  ntlphydrie  odd  gas  through  the  dilute  solution.  The 
nidkel  is  then  completely  precipitated  as  sulphide,  whi&  the  magnesium  remains 
dissolTed. 

Lastly,  the  sepaimtion  of  nickel  and  magnesium  maybe  eflhcted  by  treating  the  solu- 
tion witn  a  mixture  of  hypochlorite  and  hydrate  of  potassium  or  sodium,  whereby  per- 
oxide of  nickel  is  precipitated,  mixed  or  combined  with  hydrate  of  magnesium ;  and 
the  precipitate  after  thorough  washing,  is  digested  with  an  excess  of  solution  of  mer- 
curic chloride.  A  double  diloride  of  magnesium  and  mercury  is  thereby  formed,  and 
the  magnesia  remains  dissolved,  an  equivalent  quantity  of  os^chloride  of  mercury 
being  at  the  same  time  precipitated.  The  solution  is  evaporated  to  dryness,  the  residue 
calcined  and  treated  with  pure  nitric  acid,  the  resulting  solution  evaporated  to  dryness, 
and  the  residue  of  nitrate  of  magnesium  calcined  and  weighed  as  magnesia.  The 
peroxide  of  nickel  is  also  ignited  to  drive  off  the  mercury  with  which  it  is  mixed,  and 
finally  reduced  to  the  metaUic  state  by  ignition  in  a  current  of  hydrogen.  (H.  Boss, 
Traiti  ds  CkmU  Analyiique,  1861,  ii  213.) 

From  barium,  strontium,  and  calcium,  nickel  may  be  separated  by  cyanide  of 
potassium  in  the  same  manner  as  from  magnesium. 

From  aluminium  nickel  may  be  separated  by  the  same  processes  as  cobalt 
(i.  1045),  also  by  cyanide  of  potassium  in  the  manner  just  describea  for  magnesium ;  or 
by  earbonate  ofbaritim,  which  precipitates  the  aluminium  and  not  the  nickeL 

From  iron  (in  the  ferric  state)  mckel  may  be  separated  by  succinate  of  ammonium 
cut  by  acetate  of  sodium,  or  by  digesting  the  precipitated  sulphides  in  dilute  hydrochloric 
acid  as  described  for  cobalt  (l  1 046) ;  from  manganese  by  the  last  mentioned  method ; 
also  by  pentasulphide  of  calcium,  or  by  cyanide  of  potassium,  or  by  igniting  the  mixed 
chloriaes  in  an  atmosphere  of  hydrogen,  exactly  as  described  for  cobalt ;  from  zinc  aW 
by  this  last  method,  or  by  converting  the  two  metals  into  acetates,  adding  a  large  exce^ 
of  acid,  and  precipitating  the  sine  with  sulphydric  acid  as  for  cobiJt.  From  uranium, 
nickel  is  separated  by  precipitating  the  former  metal  in  the  state  of  uranic  oxide  wi^ 
carbonate  of  barium. 

The  methods  of  separating  nickel  from  cobalt  have  been  already  described  (i.  1046). 
liebig's  method  may  be  advantageously  modified  as  follows : — Instead  of  treating  the 
solution  of  themixcd  cyanides  with  mercuric  oxide,  a  solution  of  hypochlorite  of  sMum 
is  added  in  excess  to  the  boiling  alkaline  liquid,  in  quantity  sufficient  to  destroy  the 
free  cyanide  of  potassium.  The  nickel  is  thereby  precipitated  as  peroxide  in  the  form 
of  an  intensely  black  powder,  which  is  easy  to  wash,  and  may  then  be  converted  by 
ignition  into  Uie  protoxide,  in  which  state  it  may  be  weighed.  Traces  of  nickel  whu^ 
escape  discovery  by  other  methods  may  thus  often  be  detected  in  cobalt.  Care  must 
be  taken  to  ascertain  the  absence  of  manganese,  as  it  would  go  down  with  the  nidcel, 
accompanied  also  by  traces  of  iron  if  the  latter  metal  were  present  (Miller's  Elements 
of  Chimistry,  3rd  ed.  pt.  ii.  p.  666.) 

Analysis  of  Nickel-ores. — ^Moet  of  these  ores  contain  large  Quantities  of  arsenic,  the 
separation  of  which  by  precipitation  with  sulphydric  acid  is  along  and  tedious  process. 
A  better  method  is  to  frise  the  finely  divided  compound  with  six  times  ita  weight  of  a 
mixture  of  equal  portions  of  nitre  and  carbonate  of  sodium,  extract  the  alkaline  arse- 
nate thus  formed  with  water,  and  dissolve  the  remaining  oxides  in  hydrochloric  acid. 
Or  the  compound  may  be  ftised  with  three  times  its  weight  of  sulphur  and  carbonate 
of  potassium,  the  alkaline  sulpharsenate  extracted  with  water,  and  the  residual 
sulphides  dissolyed  in  hydrochloric  acid  with  p;radual  addition  of  nitric  acid.  The  acid 
solution,  in  either  case,  is  then  nearly  neutralised  with  carbonate  of  sodium,  acetate  of 
sodium  is  added,  and  the  whole  is  heated  to  boiling,  whereby  all  the  iron  is  precipitated. 
The  filtrate  is  acidulated  with  hydrochloric  add  and  saturated  with  sulphydric  acid  (to 
remove  copper,  bismuth,  &c.)  and  filtered ;  the  filtrate  is  heated  to  expel  sulphydric 
acid ;  and  the  cobalt  and  nidcel  are  precipitated  by  carbonate  of  sodium,  and  separated 
by  one  of  the  methods  above  referrea  to.  Or  the  ore  is  dissolved  in  strong  hydrochloric 
acid,  wUh  gradual  addition  of  nitric  acid  i  the  solution  is  heated  to  boilmg  and  neariy 
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neatinUfied  with  carbonate  of  Bodiam,  with  addition  of  acetate  of  ■odiam,  and  (unless 
the  precipitate  has  a  reddish-brown  colour)  of  ferric  chloride  also ;  the  liquid,  after 
boiling  for  some  time,  is  Altered  from  the  basic  ferric  arsenate  thus  produced ;  and  the 
filtrate,  which  is  now  free  from  arsenic  and  iron,  is  treated  as  before.  {ConingtofCt 
Manual  of  Chemioal  Analysts,  p.  143.) 

6,  Atomic  Weiaht  of  Nickel. — Roth  off  (Pogg.  Ann.  viii.  184),  by  conrertin^  a 
weighed  quantity  of  nickel-oxide  into  chloride,  and  determining  the  amount  of  chlorine 
contained  therein  by  precipitation  with  nitrate  of  silver,  found  the  atomic  weisht  of 
nickel  to  be  Ni  »>  29*5,  or  l^ni  =  69.  Erdmann  and  March  and  (Ann.  Ch.  ]^iarm. 
Ixxxii.  76),  by  the  analysifl  of  the  protoxide,  found  Ni  »  29-27—29*38.  Schneider 
(Ann.  Ch.Pharm.  civ.  220),  from  the  analysis  of  oxalate  of  nickel,  found,  as  a  mean  of 
four  experiments,  Ni  b  29.  Dumas  (Ann.  Gh.  Pharm.  cxiii.  24),  by  the  same  method 
as  Bothofi;  found  Ni  -  29*6 ;  and  Lisily,  W.  J.  Russell  (Chem.  Soc.  J.  xvi.  68),  by 
reducing  pure  protoxide  of  nickel  in  an  atmosphere  of  hydrogen,  finds,  as  a  mean  <^ 
seyeral  experiments,  Ni  »  29*37  or  Nni  -*  68*74. 

VZCXia,  mMWr.HTi'D,  Native  hydiocarbonate  of  nickel,  Nni"C0*.2Nni*H«0^ 
(See  CASBOifATBS,  i  789.) 

«ICXa&,  WUUOmXDim  of.  NiF  or  NniT*.— Obtained  b^  dissolving  oxide  of 
nickel  in  hydrofiuoric  acid,  and  separates  from  the  acid  solution  in  irregular  green  crys- 
tala.  It  unites  with  the  fiuorides  of  the  alkaU-metals,  forming  very  soluble  double  fluorides 
which  are  deposited  in  granular  ciystals  on  evaporation.  Flvuyride  of  nickd  and  alu- 
nUniu/n  separates  by  evaporation  from  a  mixed  solution  of  the  component  fluorides,  in 
green  neecUes  which  dissolve  in  water  slowly,  but  completely. 

SUicofiuoride  of  nickel  crystallises  in  green  hexagonal  prisms. 

WICXS&p  Z03>Z]>as  or.  Nil  or  Nni"!*.— When  pulverulent  nickel  is  heated 
in  iodine-vapour,  a  mixture  of  iodide  of  nickel  with  metallic  nickel  and  the  oxide  is 
formed,  from  which  the  pure  iodide  may  be  obtained  by  substitution,  also  by  heating 
the  hydnted  iodide.  It  forms  iron-black  metallic  shining  scales  which  become  moist 
on  contact  with  the  air,  form  a  red-brown  solution  with  a  small  quantity  of  water,  and 
a  green  solution  with  a  larger  auantity.  This  solution  may  also  be  prepared  by 
di^lvinff  hydrate  of  nickel  in  hvoriodic  acid,  or  by  treating  finely  divided  nickel  with 
water  and  excess  of  iodine.  When  evaporated,  it  deposits  the  hydrated  iodide, 
Nni"P.6H'0,  in  deliquescent  crystals^  which  when  heated  in  contact  with  the  air,  give 
off  a  little  iodine,  yield  a  sublimate  of  the  anhydrous  iodide,  and  leave  a  residue  of 
nickel-oxide.  The  aqueous  solution  dissolves  a  considerable  quantity  of  iodine,  which 
colours  it  brown-red. 

An  osyiodide  of  nickel  is  formed  by  digesting  the  solution  of  the  iodide  with 
hydrate  of  nickel,  or  by  evaporating  the  same  solution  quickly  to  dryness  in  contact 
with  the  air,  and  dissolving  out  the  undecomposed  iodide  from  the  residue  with 
water. 

Anhydrous  iodide  of  nickel  absorbs  ammonia  gas  when  heated  in  it»  forming  the 
vellowish-white  compound  NiI.2NH'  or  Nni^PUNH'.  By  dissolving  the  iodide 
in  hot  aqueous  ammonia^  blue  octahedrons  are  obtained  consisting  of  NiI.3NH'  cfr 
Nnil'.GNH*,  sparingly  soluble  in  water  and  in  aqueons  ammonia.  The  ammoniacal 
solution  mixed  with  alcohol  yields  a  green  precipitate  containing  ammonia. 

mcXBlii  IRTftZDB  OV.  Formed,  according  to  Schrotter,  by  heating  pro- 
toxide of  nickel  to  206^  in  ammonia-gas. 

jnOMXLf  oacZBBS  OF.  Nickel  forms  two  oxides,  a  protoxide  and  a 
sesquioxide;  the  former  only  is  a  salifiable  base. 

Protoxide,  Ni*0  or  Nni"0. — This  oxide  is  obtained  in  the  anhydrous  state  br 
calcining  the  nitrate,  hydrate  or  carbonate  of  nickel,  or  by  heating  metallic  nickel  wim 
nitre.  It  may  be  freed  from  traces  of  peroxide  whidi  it  sometimes  contains,  by 
beating  it  to  about  1 00^  in  hydrogen-gas  (Erdmann).  Russell  (Chem. Soc.  J.  xvi. 
68)  prepares  it  by  calcining  oxalate  of  nickel,  dissolving  the  residue  in  nitric  acid, 
evaporating,  and  exposing  the  residue  to  strong  and  continued  ignition  over  a  gas 
frimace.  It  is  a  dense  green  or  grejrish-green,  non -magnetic  powder,  which  does  not 
absorb  oxygen  from  the  air,  either  at  common  or  at  higher  temperatures.  It  is 
reduced  to  the  metallic  state  by  hydrogen  at  a  red  heat,  and  by  charcoal  at  a  white* 
heat. 

Anhydrous  oxide  of  nickel  has  been  found  crystallised  on  the  suifkce  of  black  copper 
(ii.  30)  reduced  from  nickeliferous  copper  ores,  in  microscopic  regular  octahedrons, 
opaaue  with  metallic  lustre,  non-magnetic,  and  havine  a  specific  gravity  of  6*606, 
insoluble  in  nitric,  hydrochloric,  and  even  nitro-hydroch£>ric  acid,  ana  dissolving  with 
difficulty  in  boiling  sulphuric  acid  (Genth).  Similar  crystals  of  anhydrous  nickel- 
oxide  hare  been  found  b)r  Bergemann  (J.  pr.  Chem.  Ixxv.  263),  together  with  native 
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bismuth,  in  caTitfei  of  a  minend  chiefly  eonsisHng  of  anenate  of  nickel,  said  to  be  from 
Johann-Qeorgenftadt  Debray  (Compt  rend.  Hi.  986)  has  obtained  protoxide  of 
nickel  in  the  crystalline  form  by  strongly  igniting  a  mixture  of  sulphate  of  nickel  and 
sulphate  of  potassium. 

The  hi/drated  protoxide  or  l^drate  of  nickel,  NiHO  or  Nni"H*0',  is  obtained  as  an 
apple-green  precipitate,  by  treating  the  solution  of  a  nickel-salt  with  excess  of  caustic 
potash  or  soda,  and  is  deposited  as  a  green  crystalline  powder  from  a  solution 
of  the  carbonate  in  excess  of  ammonia  on  standing  or  evaporation  (Pelouze  and 
Fr^my).  When  heated  it  gives  off  its  water,  and  leayes  the  anhydrous  protoxide. 
It  dissolves  easily  in  acidSf  forming  the  nickel  salts ;  also  in  ammonia^  forming  a  violet 
solution,  from  which  it  is  precipitated  by  the  fixed  alkalis  or  alkaline  earths,  the  precipi- 
tate consisting  of  a  compound  of  oxide  of  nickel  with  the  precipitating  oxide. 

A  crystalline  hydrate  of  nickel  containing  Nni11K>'.6*0  lias  been  found  as  an 
incnistation  on  chrome-iron  at  Texas  in  Pennsylvania.  It  is  transparent,  has  an 
emerald-green  colour,  and  a  density  of  3*05.    (Si  11  i man,  SilL  Am.  J.  [2]  iii.  40.) 

Protoxide  of  nickel  unites  with  other  metallic  oxides,  playing  the  pcut  of  an  add 
with  strong  bases,  such  as  potash  {vid,  sup.)  and  that  of  a  base  with  alumina,  ferric 
oxide,  &c.  When  ammonia  is  added  to  a  solution  containing  nickel  together  with 
metals  whose  oxides  are  insoluble  in  ammonia,  the  precipitated  oxide  almost  always 
carries  down  with  it  a  certain  quantity  of  nickel-oxide :  hence  this  method  of  separat- 
ing nickel  from  other  metals  does  not  give  exact  results  in  quantitative  analysis.  The 
same  indeed  is  true  more  or  less  with  regard  to  the  separation  of  all  metals  by  the 
relative  solubilities  of  their  oxides  in  caustic  alkalis,  e.g.  of  aluminium  and  iron  by 
potash. 

Sesquioxide  or  Peroxide  of  Nickel,  Ni^O*  or  Nni*0'. — This  oxide  is  pro- 
duced by  calcining  the  nitrate  at  a  moderate  heat.  It  is  a  black  powder  of  specific  gravity 
4*84  (Merapath)  which  is  reeolved  by  ignition  into  oxygen  and  the  protoxide,  and 
behayes  with  acids  like  a  peroxide,  dissolving  in  them  with  evolution  of  oxygen,  and 
forming  solutions  of  nickel-salts. 

* 

A  hjfdraied  sesqmoxide,  iTni'O'.SHK)  or  lAiH*0*,  is  obtained  by  treating  the  hy- 
drated  protoxide  or  the  carbonate  with  chlorine-water  or  the  solution  of  an  alkaline 
hypochlorite,  or  by  precipitating  a  nickel-salt  with  a  mixture  of  caustic  alkali  and 
aUudine  hypochlorite,  it  is  dark  brown  while  suspended  in  water,  but  forms  a  black 
shining  mass  when  dir.  When  heated  it  readily  gives  off  water  and  oxygen.  With 
acide  it  behaves  like  the  anhydrous  sesquioxide^  but  dissolves  with  greater  &cility. 
With  aqueous  oxaUe  acid,  it  forms  oxalate  of  nickel,  with  evolution  of  carbonic 
anhydriae.  It  diseolyes  in  amoumia,  with  evolution  of  nitrogen,  the  solution  contain- 
ing protoxide  of  nickeL 

Another  hvdrated  peroxide  of  nickel  of  dingy  light-green  colour,  but  unknown 
eompoeition,  is  obtained  by  treating  the  hydrated  protoxide  with  peroxide  of  hydrogen. 
(Th^nard.) 

wnCMMMtf  OZTCBZiOXISS  OV.  Formed  by  digesting  the  hydrated  pro- 
toxide in  aqueous  chloride  of  nickeL  It  is  sparingly  soluble  in  water,  and  turns 
reddened  litmus-paper  blue. 

MJVMMEaf  OXTOSW-SAZiTS  07.  Nickel  forms  but  one  class  of  salts,  cor- 
responding in  composition  to  the  protoxide,  chloride,  he,  e.g.  the  nitrate  NiNO'  or 
Nni'T^'O*,  the  sulphate  Ni'SO*  or  Nni"SO*,  the  acetate  C»H»NiO«  or  C*H«Nni''0*,  &c. 
Most  of  them  are  soluble  in  water  and  are  produced  by  dissolving  either  of  the  oxides 
or  the  corresponding  hydrates  in  adds,  the  sesquioxide  being  first  reduced  to  protoxide; 
in  many  cases  also,  with  evolution  of  hydrogen,  by  acting  on  the  metal  with  dilute 
adds,  the  pulverulent  metal  dissolving  easily,  the  compact  metal  often  very  slowly. 
Those  nickel-salts  which  are  insoluble  in  water,  and  are  obtained  by  predpitation,  e.g, 
the  carbonate,  borate,  and  phosphate,  dissolve  readily  in  nitric,  hydrochloric,  and  sul- 
phuric add,  &C. 

Nickel-salts  are  for  the  most  part  emerald  or  apple-green  in  the  hydrated  state, 
yellow  when  anhydrous,  so  that  characters  traced  on  paper  with  a  nickel  solution  torn 
yellow  when  heated.  Soluble  nickel-salts  redden  litmus  slightly,  have  an  astringent 
metallic  taste,  and  exert  an  emetic  action.  Those  which  contain  volatile  adds  aro  de- 
composed by  ignition,  the  inorganic  salts  generally  leaving  a  residue  of  protoxide,  the 
oir^nic  salts,  metallic-nickeL     (For  their  behaviour  with  reagents,  see  p.  38.) 

OXTXOBIBB  or.    See  p.  40. 

VHOSrcmiBfl  or.  The  tntophospJUde,  Ni*P  or  Nni*P*,  is  obtained 
hy  heating  chloride  or  sulphide  of  nickel  in  a  current  of  phosphoretted  hydrogen  gas. 
It  is  black,  insoluble  in  hydrochloric  acid,  but  easily  decomposed  and  dissolved  by 
nitric  add.    (H.  Boss,  Pogg.  Ann.  xxiv.  322.) 
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A  phospltide  oontaining  only  a  imall  qnaiiti^  of  phorohoraB  is  obtained : — 1.  By 
paanng  pnoaphonia-yapouroyer  red-hot  nickel  (Dayy),  or  oy  throwing  pieces  of  phos* 
phoms  on  it  (Pelletier). — 2.  By  ftising  nickel  with  glacial  phosphoric  add  and 
charcoal  powder  (Pelletier),  or  6  to  8  pts.  nickel-filings  or  nickel-ozide,  with  10  pts. 
bone-ash,  6  pts.  ponnded  quartz,  and  1  pL  charcoal  in  a  charcoal-lined  crucible  (Ber- 
thier)L    It  is  silver-white,  britdci  much  more  fusible  than  nickel,  not  magnetie. 


I  OF.  Ni'Se  or  Nni'lSe. — Obtained  by  igniting  metallic 
nickel  in  selenium-vapour,  as  a  silver-white,  non-magnetic,  brittle  crystaUine  mass 
(ai>parently  monometnc),  having  a  dull  metallic  lustre,  and  specific  gravity  »  8*462. 
It  is  not  attacked  by  hydrochloric  acid,  slowly  dissolved  by  nitric  acid,  completely  by 
nitromuriatic  Mcid.  When  fused  with  borax,  it  yields  a  golden  yellow  metallic  mass 
with  striated  surface.    (G.  Little,  Ann.  Ch.  Pharm.  cxii.  211.)  « 

mcXBIii  SIUCATB  or.    See  PncsLin  and  SiucAiaa. 

VIOXSK,  smbVKILTB  07.  This  salt  occurs  as  a  hydrate  in  capillary  inter- 
lacing crystals  at  Wallace  mine.  Lake  Huron,  on  a  sulphide  of  nickel  and  iron,  mostly 
as  an  efflorescence.  Kobell's  pyromelinj  occurring  as  an  eartiiy  pale  yellow  crust,  with 
native  bismuth  and  arsenical  nickel,  at  the  Frederidi's  mine  near  Bayrent,  appears  to 
be  the  same  species.    (See  Sulphatbs.) 

XXCXBIii  BVIiVHXDS  OF.  Nickel  forms  with  sulphur  the  three  following 
copipounds :  ^ 

a.  Hemisulphidef  Ni^S  or  Nni'S.  Produced  bv  igniting  sulphate  of  nickel  in  a' 
current  of  hydrogen.  Pale  yellow,  metallic-shining,  orittle,  magnetic  mass,  which  may 
be  melted  in  g^ss  vessels. 

fi,  Protosulphidey  Ni*  or  Nni^S.  This  oomi>ound  occurs  native  as  CapiUar^ 
Pyrites  (Haarkies\  in  rhombohedral  crystals  having  the  length  of  the  principal  axis 
B  0*3295,  the  angle  R :  R  »  144^  8',  and  perfectly  deavable  parallel  to  the  rhom- 
bohedral &oes;  more  frequently  in  delicate  capillary  cxystaUisations.  Hardness 
»  3 — 3*5,  specific  gravity  5*25 — 5*65  (the  mineral  from  Joachimsthal,  4*001  according 
to  Eenngott).  It  is  brittle,  has  a  brass-yellow  colour  and  metallic  lustre,  and  is 
bright  in  uie  streak.  It  usually  occurs  in  capillary  crystals  in  the  cavities  and  among 
the  crystals  of  other  minerals,  as  at  Joachimsthal  m  Bohemia;  at  Johanngeorgenstadt, 
Ftzibram,  Riechelsdozf,  Andreasbezg;  in  Cornwall,  &c.;  ako  in  Lancaster  County^ 
Pennsylvania. 

Protosulphide  of  nickel  is  formed,  with  emission  of  light,  when  sulphur  is  fused  in 
contact  with  finely  divided  nickel ;  it  is  also  produced  by  the  action  of  sulphur,  or  a 
mixture  of  sulphur  and  potash  on  the  oxides  of  nickel  at  a  red  heat;  and  by  igniting 
the  protoxide  in  sulphydric  acid  sas;  lastly,  according  to  Berthier,  by  reducing  sul- 

Ehate  of  nickel  with  charcoal-powder ;  in  this  case,  however,  a  small  quantity  of  the 
emisulphide  is  formed  at  the  same  time.  When  prepared  by  either  of  these  methods 
it  resembles  the  native  sulphide  in  colour  and  lustre.  It  is  less  fiisible  than  the  hemi- 
salphide;  is  decomposed  by  ignition  in  the  air,  but  not  in  dose  vessels.  It  is  but 
slowly  decomposed  when  heated  in  chlorine  gas,  and  not  at  all  by  hydrogen  at  a  red 
heat.    It  dissolves  slowly  in  hot  nitric  or  nitromuriatic  add. 

A  hydrated  protomlphide  of  nickel  is  obtained  by  the  action  of  sulphydric  add  on 
neutral  solutions  of  nickel-salts  containing  weak  adds,  the  acetate  for  example,  or  by 
precipitating  any  neutral  nickd-solution  with  snlphide  of  ammonium  or  potassium.  It 
has  a  dark  brown  colour,  nearly  black.  It  oxidises  on  exposure  to  the  air,  and  is 
converted  into  soluble  sulphate.  When  heated  out  of  contact  with  air,  it  gives 
off  water  and  melts  to  a  mass  of  the  anhydrous  sulphide.  When  recently  predpitated 
and  still  moist,  it  dissolves  sparingly  in  sulphurous  acid,  also  in  ammonia  and  sul- 
phide of  ammonium,  potassium,  &c.,  forming  a  brown  solution  which,  on  exposure  to  the 
air,  becoms  colourless  and  depositB  sulphide  of  nickeL  The  predpitated  sulphide  is 
nearly  insoluble  in  acetic  or  dilute  hydrochloric  add,  although  a  very  small  quantity 
of  free  hydrochloric,  sulphuric,  or  even  acetic  acid,  suffices  to  prevent  its  formation  in 
solutions  of  nickel-salts  b^  the  action  of  snlphydiic  add.  liitric  and  nitromuriatic 
adds  dissolve  it  more  readily. 

Di sulphide,  Ni'S*  or  NniS*.  Obtained  by  heating  a  mixture  of  carbonate  of 
nickel,  carbonate  of  potassium,  and  sulphur  to  dull  redness.  The  mass  when  washed 
leaves  the  disulphide  in  the  form  of  a  steel-grey  powder,  which  is  decomposed  by 
chlorine,  with  formation  of  chloride  of  nickel  and  chloride  of  sulphur. 

S^narmont,  by  decomposing  chloride  of  nickel  with  chloride  of  potassium  at  100*^, 
obtained  a  yellowish  sulphide  of  nickel  having  the  composition  Nni'S*  or  NniS.Nni*S'. 

WZCWb  Asm  nfcOar,  BV&FKXBB  of.  (iNni.|Ffe)'^.^0ccur8  near 
Lillehammer  in  southern  Norway,  in  monometric  crystals  witn  octahedral  deavage, 
or  in  granular  masses.    Hardness  «  3*5 — 4.  Specific  gravity  ■>  4*6.   It  is  not  mag- 
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netie,  has  a  braoM-yellow  colour,  and  light  InoDae-brown  streak.  Containa  22*28 
per  cent,  nickel,  40*86  iron  and  36*86  siuphnr.  It  occurs  with  copper  pyrites  in 
hornblende  rocks,  and  is  worked  for  the  extraction  of  nickeL  An  impure  yariety, 
sli^tly  mixed  with  magnetic  iron  ore^  is  found  at  InTerary  in  Axgyleshire. 

See  NicKBL,  Amsmxatm  op  (p.  36). 

»VZn«  Boumonite  or  solphantimonite  of  lead  and  copper 
(I  661)  ficom  Wol&berg,  in  which  lead  is  partly  replaced  by  nickel  and  cobalt,  oun- 
tains  19-87  per  cent,  s^phnr,  24*28  antimony,  8*22  arsenic,  86*62  lead,  9*06  copper, 
6-47  nk^al  and  cobalt,  and  0*84  iron  (-  98*26).  (Bammelsbere,  Fogg.  Ann. 
Ixxvii  268.) 

noXHb-O&AVOa.  A  mineral  species  analogous  to  cobalt-glance  (i.  1067)  in 
Ibrm  and  composition,  and  expressible  chemically  by  the  formnbl  Nr-'S(As ;  Sb)  or 
KniS(As ;  Sb)  or  NniS*.Nni(As ;  Sb)*,  the  arsenic  uid  antimony  being  sometimes 
pcsent  together,  sometimes  8iiw;ly»  l^ns  forming  the  three  Tarietiea^  antinumial, 
OTumcal  and  antimomo-^ir$emear  nickel^lance. 

The  crystals  of  this  species  belong  to  the  monometric  system,  being  for  arsenical 
nickel-glance,  cabes,  octahedronfl^  and  the  intermediate  fonns  shown  in  fl^ires  174, 176, 
176  (Cbtstaixoorafkt),  and  combinations  of  the  penta^nal  dodecahedron  with  the 
cabe  (fig.  211)  and  octahedron.  For  the  yarieties  containing  antimony  the  prevailing 
fignn  IS  the  octahedron  modified  by  faces  of  the  cube.  Cleavage  cobic  in  all  varieties. 
The  mineral  likewise  occurs  massive,  with  grnnular  structure ;  the  purely  arsenical 
variety  also  lamellar.  Hardness  ^  6 — 6*6.  Sp.  ^.  »  6*6 — 6*9  -(of  the  antimoDial 
varieties,  6*2 — 6*6).  lustre  metallic.  Colour  silver-white  to  steel-grey.  Streak 
greyish-black.    Fracture  uneven.    Brittle. 

Analyse8 :  I.  Antimonial. — a.  From  the  Landskrone  mine  in  ^egen,  Westphalia ; 
mean  of  two  analyses  (H.*  Boss,  Fogg.  Ann.  xv.  688). — 2.  Antimonio-MrserucaL — 
6.  Albeitine  mine  near  Hangerode  in  the  Harts  (Bammelsberg,  ibid.  Ixviil.  611). — 
e.  Sayn-Altenkirchen  (Ullmann,  Sammelsber^s  MitieraUhenUe,  p.  63).— <i.  Freus- 
boig  (Klaproth,  Beitrage^  vi  829).— 3.  Arsenical,  e,  Haueisen  near  Lobenstein  in 
Thurin^:  sp.  gr.  6*964  (Bammelsberg,  loe.  cit.).^-f,  Jungfer  mine  near  Miisen: 
cnmtallised  (Schnabel,  Bamm.  Mineralch.  p.  62). — y.  Fflngstwiese  near  Ems:  ciys- 
tallised,  with  &ces  of  the  pentagonal  dodecahedron  (Bergemann,  J.  pr.  Chem. 
Ixxv.  244). — k.  Albertine  mine  near  Haizgerode  (Bammelsberg,  he.  dt.y^i.  Mer- 
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There  are  also  varieties  of  nickel-glance  differing  somewhat  in  composition  from 
the  above,  so  fiir  at  least  as  the  analyses  can  be  trusted,  viz.  1.  Amoioite^  occurring 
in  small  steel-grey  octahedrons  (hardness  «»  4)  at  Lichtenberg  in  the  Fichtelgebirge 
(v.  Kob ell,  J.  pr.  Chem.  xxxiii. 403) ; — 2.  Gersdorffite  from  Schladming  in  Styria,  where 
it  occurs  both  ctystallised  (Fless.  Ann.  Ch.  Fharm.  li.  250)  and  massive  (Lowe,  Fogg, 
Ann.  Iv.  603) ;— ^a  Nickel-^ance  from  Flakendoif  in  Hungary  (Lowe). 

AmoiMts.  Gendorfltfl.  Nlckri-glance 

flrom  PrueDdor^ 
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Bammelsbeig  suggests  that  sulphide  of  nickel,  Nni"S,  may  be  monometric,  like  muiy 
snlphidM  of  the  form  M!^8  and  in  that  case,  since  the  arsenide,  NniAs*.  is  likewise 
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monometric,  these  nickel-glanoes  may  be  regarded  as  isomorphons  mixtures  haTing  the 
composition  mNiii''S.nNi As*  or  Nni(S ;  As^. 

WTf? WTi-liTlf  if  Itn  y ■  Biegenite,  Liimaeite  (cobaltoso-oobaltic  sulphide,  L 
1050)  in  which  a  considerable  proportion  of  the  cobalt  is  replaced  by  nickeL  a.  From 
Siegen  in  Prussia,  where  it  occurs  in  octahedrons  (Schnabel,  RamjneUher^t  Mineral- 
ckemie,  p.  IIOX— ^-  From  the  same  locality  (Ebbinghaus,^.  cit,), — e.  Finksbu:^ 
Carroll  County,  Maryland:  pale  steel-grey,  with  a  yellowish  tinge;  distinct  cnbio 
cleaTSffe;  intemown  with  copper  pyrites  (Genth,  SilL  Am.  J.  [2]  Trriii.  416). — 
d.  LaMatte,  lussouri :  seldom  crystalline,  sometimes  howeyer  exhibiting  the  fbrms  O 
and  O  .  ooOoo ;  deayage  yery  indistinct ;  colour,  between  steel-grey  and  tin-white 
(Genth,  loe.  cit,): 

Co.  Pb.       Ganguo. 

-  100 

«  100-63 

2-23         .    .        0-46  -  99-69 

.    .        039         107  -  98-24 

CapiUary  Pyriiei.    Natiye  sulphide  of  nickel  (p.  42). 
Sulphate  of  nickel  (see  p.  42,  also  Sulfkatis). 

ncOTZAfl  111  Mm  Tobacco-camphor.  CH"N*0'. — A  white  ciystalline  substance 
obtained  by  distilling  tobacco-leayes  with  water.  It  is  soluble  in  water,  alcohol,  and 
ether;  melts  when  heated  and  then  gradually  evaporates.  (Hermbstadt»  Schw. 
J.  xxxi.  442;  Barral,  Compt.  rend.  xxL  1376.) 

VZOOTIO  AOZB.  C*H*0*.  A  oystallisable  dibasic  acid  found  in  tobaooo-juice 
by  Barral  (Compt.  rend.  xxL  1374).  According  to  other diemists,  howeyer,  the  only 
adds  contained  in  tobacco-juice  are  malic  and  dtric  adds. 
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C»«H"N«.  (Gm.  xiy.  219;  Gerh.  iy.  184.)— Vauquelin  in  1809 
ascertained  that  the  acrid  prindple  of  tobacco  was  yolatile,  and  capable  of  separation 
from  its  compounds  by  means  of  a  fixed  alkali.  Posselt  and  Beimann  in  1828 
succeeded  in  obtaining  it  in  a  state  of  comparatiye  purity  from  the  leayes  of  NicoHana 
Tabaoum,  Macrophyua  rttfUea  and  3f.  gtuHnoaa,  Fat  a  long .  time  nicotine  was 
supposed  to  haye  the  formula  C^*^N  =  C^H'X,  which  was  subsequently  altered  to 
C^*a*N  i«  C'H'N,  in  accordance  with  the  more  accurate  analyses  of  Melsens  and 
SchloBsinff;  but  Barral,  by  a  determination  of  its  yapour^ensity,  showed  it  to 
possess  in  the  free  state  a  condensation  twice  as  great  as  this,  its  formula  becoming 
therefore  (^IP*N*^  4  yolumesof  yapour,orin  accordance  with  modem  ideas  C**H^*K*ca 
2  yolumes.  It  is  considered  howeyer  by  some  chemists  that  in  forming  certain  com- 
pounds, nicotine  breaks  up,  as  it  were,  into  two  groups,  haying  the  composition 
C*H'N,  each  equal  to  H*.  The  experiments  of  Eekul6  and  y.  Planta,  who  treated 
nicotine  with  the  iodides  of  the  alcohol-radicles,  indicate  unmistakably  the  fact  that  in 
nicotine  the  group  C*H'  is  equiyalent  to  H*.  The  molecule  of  nicotine  is  therefore 
deriyed  from  two  molecule  of  ammonia  in  which  the  hydrogen  is  replaced  by  C*H', 
thus: — 


C»»H"N«  -  |S^h']  deriyed  from  |^|I. 


This  explains  why,  in  treating  nicotine  with  oxalic  add  and  with  chloride  of  benzoyl,  no 
substances  are  obtained  analogous  to  oxanilide  or  benzanilide  (Gerh.  iy.  186).  On 
the  other,  hand,  most  chemists  of  the  present  day  will  prefer  to  regard  nicotine 
as  a  diamine.  There  is  indeed  no  sufficient  evidence  to  show  that  any  splitting 
lip  of  nicotine  takes  place  under  the  influence  of  the  iodides  of  the  alcohol-iadides. 
We  shall  therefore  assume  in  this  article  that  the  compounds  assumed  by  Gerhardt  to 
contain  one  atom  of  methyl,  ethyl,  &c.,  contain  twice  that  number,  and  that  the  vapour- 
density  correctly  represents  the  molecule  of  nicotine  which  enters  into  all  its  known 
combinations. 

Preparation. — 1.  Tobacco-juice  is  treated  with  excess  of  solution  of  hydrate  of  potas- 
sium ;  the  mixture  is  then  shaken  up  with  benzene  or  ether  in  stopperod  bottles ;  the 
ether  is  decanted  and  distilled  at  a  gentle  heat  suffident  to  volatilise  the  ether ; 
and  the  heat  is  afterwards  raised  to  a  suffident  temperature  to  drive  over  the  nicotine. 
— 2.  A  mixture  of  lime  and  powdered  tobacco  is  placed  in  a  cylinder  and  a  current  of 
steam  from  a  boDer  is  sent  m,  the  other  end  of  the  cylinder  being  connected  with 
a  condensing  worm.  The  liquid  which  comes  over  contains  nicotine,  ammonia^  and 
some  other  bases  not  yet  examined.  The  liquid  is  neutralised  with  sulphuric  acid 
and  the  solution  concentrated  by  evaporation.    When  suffidenUy  concentrated  it  is 
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treated  with  ammonia  to  liberate  the  nieotiiie,  and  ether  ia  then  added:  the  ethereal  eo- 
lation on  evaporation  yields  the  nicotine  almoet  pure.  It  may  be  further  purified 
by  rectification  (Bebize,  Compt  rend.  1.874). — 3.  Tobacco  in  Tery  small  pieces  ia 
digested  with  dilute  sulphuric  add  for  three  days  and  then  pressed.  The  residue  ia 
repeatedly  treated  in  this  manner  until  it  has  lost  its  acrid  taste ;  and  the  liquid  so 
obtained  is  eyaporated  to  half  and  then  distilled  with  lime.  The  distillate,  which 
contains  the  nicotine,  must  be  shaken  up  with  ether,  and  the  latter,  after  decantation, 
distilled.  The  ether  readily  distils  away,  leaying  the  nicotine  in  an  impure  state. 
It  is  to  be  kept  warm  for  a  considerable  time  and  then  heated  to  140^,  at  which 
temperature  it  will  giye  off  ammonia  and  other  less  volatile  impurities.  Lime  is  to  be 
added  to  the  residue,  and  the  mixture  distilled  in  an  oil-bath  at  190^,  in  a  current 
of  hydrogen.  The  product  of  this  operation  redistilled  in  a  current  of  hydrogen 
yields  the  nicotine  pure  and  colourless  (Barral). — 4.  Tobacco  is  treated  with  water, 
and  the  solution  concentrated ;  the  extract  is  dissolved  in  alcohol,  which  after  decan- 
tation  is  likewise  concentrated;  and  this  last  extract  is  treated  with  hydrate  of 
potassium,  then  agitated  with  ether,  to  dissolye  the  nicotine  and  also  some  foreign 
substances,  which  are  got  rid  of  by  precipitating  the  alkaloid  in  the  state  of  oxalate. 
This  precipitate  is  waited  by  a^'tating  it  with  ether,  then  treated  with  potash,  again 
dissolved  in  ether,  and  submitted  to  distillation.  The  residue  of  the  distillation 
ia  coloured  but  limpid,  and  contains,  besides  nicotine,  water,  ether,  and  ammonia ; 
a  temperature  of  140°,  maintained  for  12  hours,  and  assiated  by  a  current  of  dry 
hydrogen,  suffices  to  expel  these  three  bodies,  so  that  the  nicotine  passes  over  pure  and 
colourless,  when  the  temperature  is  subsequently  raised  to  180^. — ^Two  lbs.  of  eood 
tobacco,  grown  in  the  department  of  Lot,  are  capable  of  yielding  by  this  process  trom 
60  to  60  grammes  of  nicotine.     (Schloesing.) 

The  amoxint  of  nicotine  in  leaf  or  manufactured  tobacco  may  be  accurately  ascertained 
by  a  simple  and  easy  process.  Ten  grammes  of  tobacco  are  exhausted  with  ammoniacal 
ether  in  a  continuous  distillatory  apparatus,  the  ammoniacal  gas  is  expelled  from  the 
nicotine  solution  by  boiling ;  the  liquid  is  then  decanted,  and,  after  eyaporation  of  the 
ether,  neutralised  by  a  solution  of  sulphuric  acid  of  known  strength.  (Schlmsing, 
Compt.  rend.  Dec  1846,  Chem.  Gaz.  1847,  43.'^ 

Extracihn  of  nicoHne  from  the  contents  of  the  stomachy  or  from  the  ntbetanee  of 
animal  tUsuee  in  'caeee  of  ^oisoninff, — 1.  For  this  purpose  it  is  only  necessary  to  add 
excess  of  hydrate  of  potassium  and  repeatedly  extract  with  ether  or  pure  benzene.  On 
eyaporation  in  a  retort  at  a  gentle  heat»  the  nicotine  will  remain  in  an  impure  state. 
It  may  then  be  converted  into  a  sulphate,  the  solution  filtered,  and  the  nicotine  re- 
obtained  by  a  repetition  of  the  first  process  by  means  of  hydrate  of  potassium  and  ether. 
— 2.  Or  the  contents  of  the  stomach  maybe  repeatedly  exhausted  by  a  dilute  acid,  and 
the  filtered  and  evaporated  solution  may  be  made  to  giye  up  its  nicotine  in  the 
manner  previously  indicated.  (See  also  Alkaloids,  Dbtbction  of,  in  CmDaoo-LBOAL 
nfVBffnoATiovs,  yoL  i  p.  125.) 

The  following  table  contains  the  percentage  of  nicotine  in  yarioua  kinds  of  tobacco 
according  to  the  experiments  of  Schlcesing: — 

Nunec  of  the 
tobacco. 

Lot 

Lot-et-Garonne 

Nord 

nie-et-Vihune 

Pas-de-Calais 

Pn>peret«.— Colourless  transparent  oil,  which  does  not  freeze  at  —10^,  it  gives  off 
excessiyely  irritating  vapours  when  heated,  and  boils  at  250^  (Barral).  Its  specific 
gravity  at  various  temperatures  is  as  follows : 

Temp.     .        .        4°  16«  30«  60°  101-6«> 

Sp.gr.     .         .      1038  1027  1018  10006  09424 

Nicotine  has  a  burning  taste  even  when  very  much  diluted,  and  causes  choking.  When 
it  is  placed  on  the  tongue  of  a  dog  in  a  fatal  dose,  the  epithelium  separates  after  death 
with  facility  (Orfila^.  It  dilates  the  pupil  when  taken  internally  (Orfila).  6  milli- 
iprammes  sufficed  to  kill  a  middle-sized  dog  in  3  minutes.  When  ^th  of  a  grain  was  dropped 
into  the  eye  of  a  cat,  contraction  of  the*  pupil  took  place  followed  by  narcotic  symptoms 
which  passed  off  in  an  hour.  Nicotine  has  a  strong  alkaline  reaction ;  it  strongly  defiects 
the  pluie  of  polarisation  to  the  left.  At  lOO^'  it  dissolves  10*68  per  cent  oi  atd^hur. 
It  is  very  soluble  in  toater,  alcohol,  ether,  and  fat  oils.  Dissolves  in  any  quantity  in 
turpentine  and  hydrocarbons  having  similar  solvent  powers.  Vapour-density  (after 
allowing  for  a  residue  of  3  per  cent  m  the  balloon)  6*607  ;  cale.  6*616. 


Nteotine  In  100  parti 

Names  of  the 

Nicotine  In  100  pt«. 

of  the  dried  tobacco. 

tobacco. 

of  the  dried  tobacco 

.     7-96 

Alsace 

.     3*21 

.     7*34 

Virginia  . 

.     6*87 

6*68 

Kentucky 
Maiyland 

.     609 

.     6-29 

.     2*29 

.     4*94 

Havannah 

.     200 
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IkoomposUionB, — 1.  Nicotine  rectified  erer  so  carpfully  in  a  cnirent  of  hydrogen 
l)ecomeB  rapidlj  yellow  and  finally  brown  when  exposed  to  light  or  air. — 2.  It  always 
leayes  a  resinous  residue  when  distilled. — 3.  Bums  with  a  bright  smoky  flame  in  a  lamp 
with  a  wick. — 4.  EvoWes  inflammable  vapours  when  heated  to  its  boiling  point 
— 6.  Boiling  stdphuric  acid  decomposes  it  entirely. — 6.  Heated  with  tincture  of  iodins 
it  ^elds  tri-iodonicotine  (Wertheim). — 7.  When  it  is  dropped  into  chlorine,  violent 
action  takes  place  sometimes  accompanied  with  emission  of  ught ;  and  a  red  colour  is 
dev^oped,  which  however  disappears  on  exposure  to  light  for  some  days.  This  decolor- 
ised fluid  treated  with  water,  yields  a  white  substance  which  ciystallises  from  alcohoL 
— 8.  Hydrochlorate  of  nicotine  treated  with  chlorine  yields  a  crystallised  substance 
soluble  in  water  but  insoluble  in  alcohoL — 9.  Nitric  acid  decomposes  it,  yielding  a 
liquid  from  which  alkalis  disengage  a  volatile  base,  probably  ethylamine  (Anderson). 
— 10.  When  the  alcoholic  solution  is  treated  with  gaseous  cyanogen^  a  brown  non-basie 
substance  is  formed  (Hofmann,  Stahlschmidt). — 11.  Cyanate  of  ethyl  tormB  with 
nicotine  a  compound  cicystallising  in  beautiful  laminae.    (Wurtz.^ 

ReactUms  of  Nicotine, — 1.  Nicotine  in  aqueous  solution  gives  with  tincture  of  iodine 
a  yellowish  turbidity  becoming  crimson,  this  reaction  occurring  even  when  the  nicotine 
solution  contains  only  -^-^  of  base  (P  o  s  s  e  1 1  and  B  e  i  m  a  n  n ).  According  to  v.  Planta, 
the  precipitate  is  of  a  kermes*brown  colour.  (Probably  the  tint  changes  as  the  quantity 
of  iodine  tincture  becomes  larger.) — 2.  Aqueous  solution  of  nicotine  gives  white  precipi- 
tates with  solution  of  acetate  of  lead,  mercuric  chloride,  stannous  ar^  stannic  chlorides, 
salts  of  ginc,  and gaUotannic  acid;  with  platinic  chloride,  a  yellow  precipitate;  with 
ferric  salts,  an  ochre-yellow  precipitate  not  soluble  in  excess  of  base;  with  trichloride 
of  gold,  a  reddish-yellow  precipitate.  With  chloride  of  cobalt,  a  blue  precipitate 
is  formed  becoming  green  and  slightly  soluble  in  excess  of  base.  When  percmoride 
of  antimony  is  added  drop  by  drop  to  a  solution  of  phosphoric  acid,  a  liquid  is 
obtained  which  gives  a  slight  turbidity  in  an  aqueous  solution  of  nicotine  containing 
^gth  (Schulze).  With  phosphate  of  magnesium,  an  aqueous  solution  of  nicotine 
gives  a  gelatinous  precipitate.  Hydrochloric  solution  of  nicotine  gives  with  solution 
of  platinic  chloride  a  yellow  crystalline  predpitate  if  the  solutions  are  strong; 
but  if  weak,  four-sided  prisms  are  deposited  after  a  time.  A  similar  solution 
of  nicotine  gives  with  picric  acid,  sulphur  yellow  flocks,  with  auric  chloride,  light 
yellow  flocks,  sparingly  soluble  in  hvdrochloric  acid. — 3.  Nitric  acid  partially  decom- 
poses nicotine,  with  evolution  of  rea  fumes,  the  solution  when  boiled  becoming  of  a 
reddish-brown  colour  similar  to  the  tint  of  a  strong  solution  of  platinic  chloride.  Phos^ 
pho-molybdic  acid  gives  with  nicotine  and  its  salts  a  bright  bulky  yellow  precipitate. 
(Sonnenschein). 

Salts  of  WlootlBe.  Sulphate  of  Nicotine  is  uncrystallisable,  very  soluble  in  water 
and  in  alcohoL  100  pts.  of  sulphuric  add  neutralise  329*7  of  nicotine,  corresponding 
to  the  formula  2C"H"N«H«  SO*.— The  nitraU  arstallwes  with  difllculty.— The  hvdro- 
chlorate,  G'*H'*N^2HC1,  is  a  deliquescent  salt  which  may  be  obtained  in  long  fibrous 
crystals  by  treating  nicotine  with  gaseous  hydrochloric  acid,  and  keeping  the  product 
for  a  time  in  vacuo.  The  alcoholic  solution  deflects  the  plane  of  polarisation  to  the 
ri^ht — The  phosphate  is  obtained  by  neutralising  an  aqueous  solution  of  phosphoric 
acid  with  nicotine,  as  a  syrupy  liquid  which  yields  large  laminar  crystals  resembling 
cholesterin. 

Oxalate  of  Nicotine  forms  oystals  very  soluble  in  water  and  boiling  alcohol,  insoluble 
in  ether. — ^The  acetate  is  a  sjrrupy  liquid  soluble  in  ether. — The  tartrate  forms  granular 
eiystals  very  soluble  in  water. 

Double  salts  of  Nicotine,  Platinum- salt,  C»«H"N«.2HCL2PtCl«.— When  a 
solution  of  platinic  chloride  is  added  to  a  strong  hydrochloric  solution  of  nicotine,  a 
yeUow  oystalline  precipitate  is  obtained.  If  the  solutions  are  dilute,  four-sided  prisms 
will  gradually  form,  or  sometimes  large  ruby-red  crystals.  The  salt  is  very  soluble  in 
slight  excess  of  nicotine ;  dissolves  with  difficulty  in  oold,  but  more  easily  in  boiling 
water,  is  insoluble  in  alcohol  and  in  ether. 

Compounds  of  Nicotine  with  Protochloride  of  Platinum,  a.  C>»H»<N*.4HCL2PtCl 
When  nicotine  is  gradually  added  to  a  hydrochloric  solution  of  platinous  chloride,  the 
mixture  being  agitated,  an  orange-yellow  predpitate  is  obtained  Laving  the  above  com- 
position (Baewsky).  It  is  insoluble  in  cold  water,  but  soluble  in  boiling  wat«r,  and 
is  deposited  from  the  latter  solution  on  standing  in  the  crystalline  form. 

0,  When  the  mother-liquor  of  the  above  salt  is  evaporated,  redprisms  are  obtained 
containing  only  2  atoms  of  hydrochloric  add,  C»N«H»*.2PtC1.2HCL    (Baewsky.) 

OM-mU.  Hydrochlorate  of  nicotine  added  to  a  solution  of  auric  chloride  throws 
down  a  pale  yellow  flocculent  predpitate,  almost  insoluble  in  hydrochloric  add. 
(t.  Planta.) 
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Merewry^dt,  of  Nkotine.  1.  With  Mereurio  Chloride,  a.  G*>EP«l<T«.Hbg''a*.— 
Obtained  by  precipitatiiig  a  solntioii  of  merenzie  diloride  hj  a  solTitioii  of  mootine. 
—White  ciystaUine  precipitate,  inaoluble  in  water  and  in  ether,  almoet  insoluble  in 
alcohol    Melts  below  100<^.    (Ortigosa.) 

^.  C>«H>*N*.3Hhg''a*.--Obtainedb7  ad^e  a  satarated  eolation  of  mercuric  chloride 
to  a  dilate  solution  of  nicotine  in  hydrochloric  arid,  until  a  permanent  precipitate 
begins  to  be  formed.  The  turbid  liquid  when  left  at  rest  for  some  days^  yields  the  salt  in 
colourless  or  yellowish  crystals  often  an  inch  long,  sparingly  soluble  in  alcohol  or  cold 
water,  dissolTing  readilT  and  without  decomposition  in  water  acidulated  with  hydro- 
chloric acid,  decomposed  by  boiling  with  water.    (Bodeker.> 

7.  C"H>'N>.HCL4Hhg"Cl'.  Crystalline  pzedpitate  obtained  by  adding  a  cold 
neutral  solution  of  h^drochlorate  of  nicotine  to  a  large  excess  of  aqueous  solution  of 
mercuric  chloride.  Dusolyes  in  boiling  water,  yielding  on  cooling  radiating  groups  of 
needles. 

Cyaruhehloromerourate  of  Nicotine.  Obtained  on  adding  to  a  dilute  solution  of 
neutral  hydrochlorate  of  nicotine,  about  an  equal  volume  of  a  saturated  solution  of  mer- 
curic cyanide.  It  is  deposited  in  tuft»  of  silky  needles.  Dissolyes  easily  in  cold  or 
boiling  water,  and  in  alcohoL  The  solution  is  not  precipitated  by  hydrate  of  potas- 
sium eyen  on  heating.  Treated  with  hydrochloric  acid,  it  evolyes  hydrocyanic  acid. 
Its  formula  has  not  been  determined  with  certainty. 

2.  With  Mercuric  Iodide,  a.  C'«H*«N*.Hhg'l*.~Colourle88  crystals  obtained  by  tri- 
turating  nicotine  with  mercuric  iodide,  and  subsequently  treating  the  mass  witii  boiling 
water.  The  reaction  is  so  energetic  that  sufficient  heat  is  evolved  to  vaporise  part  of 
the  nicotine. 

0.  C^*E}*JPJHhg'T*.2BL  To  prepare  this  salt,  nicotine  is  dissolved  in  dilute 
hydriodic  acid,  and  a  solution  of  mercuric  iodide  in  hydriodic  add  is  added  until  the 
precipitate  ceases  to  be  redissolved,  and  the  solution  becomes  turbid.  The  salt  soon 
begins  to  crystallise.  The  mother-liquor  cannot  be  concentrated  without  decomposition. 
Y^ow  prisms  sparingly  soluble  in  cold  water  and  in  alcohol.  Decomposed  by  boiling 
water,  with  separation  of  a  reddish-yellow  resinous  matter.  Insoluble  in  solutioa  of 
hydrate  of  potassium. 

Nicotine  tirith  Nitrate  of  Silver,  a.  C**H''N^.KO'Ag. — Colourless  prisms  obtained  on 
mixing  a  cold  dilute  alcoholic  solution  of  nicotine  with  an  excess  of  an  alcoholic 
solution  of  silver  nitrate. 

jS  2C**H*^N*.N0*Ag.  Prepared  like  the  preceding,  but  employing  an  excess  of 
nicotine.  It  is  deposited  in  a  dilute  solution  and  by  spontaneous  evaporation  in  fine 
prisms. 

Compound  of  Nicotine  with  Iodine,  (C'^ffW)*?. — ^Ethereal  solutions  of  iodine  and 
nicotine  combine  when  mixed,  evolving  sufficient  heat  to  make  the  ether  boil. 
In  a  short  time  the  mixture  becomes  filled  with  crystals.  In  more  dilute  solutions 
the  substance  is  deposited  in  the  form  of  ruby-red  needles  (Wertheim).  The  com- 
pound melts  at  100^  without  decomposition.  It  is  decomposed  in  the  cold  by  solution 
of  hydrate  of  potassium,  nicotine  being  liberated  and  iodide  and  iodate  of  potassium 
being  formed.— A  hydrochloraie,  (Ci«H>^N>)'P.2HCl,  is  obtained  in  fine,  clear,  ruby-red 
crystals,  by  cautiouedy  saturating  with  hydrochloric  acid  a  very  weak  alcoholie  solution 
of  the  iodine-compound,  and  placing  the  uquid  in  vacuo. 

Methyl',  Etiyl;  and  Amyl-derivativee  of  Nicotine, 

MBTHYL-NiooTiin.  C"H**(CBP)"N'.— Prepared  by  mixing  nicotine  with  iodide  of 
methyl  The  reaction  proceeds  slowly  in  the  cold,  but  is  greaSy  assisted  by  heat  The 
crystalline  product  of  the  reaction  is  to  be  reciystalUsed  from  water.  The  aqueous  solu- 
tion mixed  with  recently  precipitated  oxide  of  silver  yields  iodide  of  silver  and  solution 
of  methyl-nicotine.  The  solution  evaporated  oyer  sulphuric  acid  at  100^  yields  a 
viscid  maiss  containing  methyl-nicotine. 

Methyl-nicotine  is  soluble  in  water,  yielding  a  bitter  alkaline  solution  which  feels 
slippetT  between  the  fingers.  The  solution  saturates  acids,  forming  salts  of  which 
the  sulplmte,  hydrochlorate,  nitrate  and  hydxocyanate  crystallise,  but  with  difficulty 
(Stahlschmidt).  The  hvdrofluate,  acetate,  oxalate  and  tartrate  do  not  crystallise, 
mie  alkaline  solution  described  above  precipitates  salts  of  iron  and  copper ;  it  also  dis- 
solves reeently  precipitated  hydrate  of  aluminium.    (Stahlschmidt) 

HydriodaU  of  Metkyl-nicotine,  C"H"N*.2HI.  The  atom  of  nicotine  unquestion- 
ably oontaimi^  10  atoms  of  carbon  (C  ■-  12),  we  may  assume  that  it  reacts  upon 
2  atoms  of  iomde  of  methyl,  so  that  the  resulting  compound  has  the  aboye  formula. 
It  is  prepared  by  the  action  of  iodide  of  methyl  on  nicotine  as  aboye.  (Stahl- 
schmidt.) 

The   fiaHnwn-eaU  of  methyl-meotine,    C>*H>V*.2HOL2PtCl*   is   a   ajstalliae 
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powder,  sptringly  solable  in  cold  water,  ineolable  in  alcohol. — ^The  gold-9afit 
CH'"N*  2HC1.2AaCl',  is  a  pale  yellow  precipitate^  ahnoet  insoluble  in  cold  water  and 
alcohol. 

ETHTL-NicoTxm.  The  hydrate  of  this  base  is  prepared  by  a  similar  process  to  the 
hydrate  of  methyl-nicotine,  substitnting  iodide  of  ethyl  for  iodide  of  methyL  Its  pro- 
perties are  similar  to  those  of  methyl-nicotine. 

fffdriodate  of  Ethyl-nicotine,  G>«H»N*.2HI,  obtained  by  the  action  of  iodide  of  ethyl 
on  nicotine  in  sealed  tubes  at  100^,  forms  fine  colourless  prisms,  very  soluble  in  water, 
sparingly  in  alcohol  and  ether  (Von  Plant  a  and  KeKul^). — ^The  platinum^^t, 
Quj^Bj^t  2HCl.2PtCl*,  is  a  yellow  flooculent  precipitate  which  gradually  becomes 
orange  coloured  and  ciTstalline.— The  gold  salt,  Ci*H*'N*.2HCL2AuCl",  is  a  sulphur- 
yellow  precipitate  produced  by  adding  solution  of  trichloride  of  gold  to  a  solution 
of  hydrochlorate  of  ethyl-nicotine ;  it  is  soluble  in  boiling  water  uid  is  deposited  in 
beautiful  needles  on  cooling. 

AicTL-inooTnnL  Known  only  in  solution  and  in  the  state  of  platinum-salt.  It  is 
prepared  in  the  same  manner  as  the  corresponding  compounds  of  methyl  and  ethyl, 
only  as  iodide  of  amyl  acts  sluggishly,  the  tubes  must  be  neated  for  some  days. 

The  platinum-^alt,  Cr»H*'N*.2HCL2FtCl*,  is  a  yellow  precipitate  not  yet  obtained 
in  the  crystalline  state.  C.  G.  W. 

Wicnuuw.  A  yiseous  substanoe  obtained  from  NigeUa  saHva,  (Beinsch^ 
Fharm.  Gentr.,  1842,  p.  814.) 

VZORZO  ACni.  This  name  was  applied  by  Lowig  and  Weidmann  to  a 
black  humus-like  substanoe  found  among  the  oroducts  of  the  action  of  potassium  or 
sodium  on  oxalic  ether.  They  assigned  to  it  tne  formula  C'H*0*.  (Handw.  d.  Chem. 
V.  673.) 


A  mixture  of  rutile  with  titaniferoos  iron,  occurring  in  brown-black 
granules  in  the  gold-sand  of  Ohlafian  in  Transylyania;  also  in  crystals  haying  the 
form  of  ratHe  at  Semau  in  Bayaria.    (Rammelsba^t  MinertUehemie^  p.  1008.) 


An  impure  oxide  of  sine  which  collects  on  the  sides  of  the 
Aimaoes  in  the  smelting  of  sine-ores  and  the  preparation  of  brass. 


Laurent^s  names  for 
moni-,  di-,  and  tri-nitronaphthalene. 

»IWA»BTVnJkMZ«m  Hinaphthylidine,  C^WSH)  (C.  S.  Wood,  Chem. 
Oaa.  1869,  p.  218). — ^An  orsanio  base  produced  by  passing  sulphydric  add  gas  through 
a  boiling  alcoholic  and  feebly  ammoniacal  solution  of  dinitronaphthalene : 

C»*H«(NO»)«  +  4H«S     -     C»«H«N«0  +   8HK)  +  8\ 

The  passage  of  the  gas  is  continued  for  about  three  hours,  by  which  time  the  g^reater 
part  of  the  alcohol  has  distilled  off.  The  residue  is  then  supersaturated  with  dilute 
sulphuric  acid,  heated  to  boiling,  and  filtered.  The  flltrate'on  cooling  deposits  sulphate 
of  ninaphthylamine,  from  the  solution  of  which  the  base  may  be  precipitated  by  am- 
monia. 

Ninaphthylamine  crystallises  in  beautiful  carmine-red  needles,  slightly  decomposed 
at  100<>.  T\k^  hydrochlorate,  Ci"H*N*O.HCl,  forms  acicular  crystals ;  the  chlorojOaU- 
nate,  C'*H*N*O.HGl.PtCl',  is  precipitated  in  yellowish-brown,  rather  soluble  crystals,  on 
adding  platinie  chloride  to  a  solution  of  the  base  in  ether-alcohoL  The  svlphats 
(Gi*H"NK))*.H%0*,  crystallises  in  white  scales,  but  is  decomposed  by  recrystallisation 
from  its  aqueous  solution. 

mOBXTB,  or  CMvmbite.    Native  niobate  of  iron  and  manganese  (p.  64). 

jrZOBXirM.    Syn.  Cdumbium.    Symbol  Nb. — Atomic  weight,  94. 

A  metal  discoyered  in  1801  by  Hatcnett,  in  a  black  mineral  called  oolwmbiU  from 
North  America,  and  thence  called  Columbium.  WoUaston  in  1809  examined  it 
further,  and  pronounced  it  to  be  identical  with  the  tantalum  discovered  by  Eke  berg, 
in  Swedish  tantalite.  This  idea  of  the  identity  of  the  two  metals  remained  current 
tiU  1846,  when  H.  Bose  (Pogg.  Ann.  Ixiii.  317  ;  bdx.  116),  by  a  more  careful  investi- 
gation, was  led  to  conduae  that  the  American  columbite  and  the  tantalite  from 
Bodenmais  in  Bavaria  contained  two  acids  bearing  a  very  dose  resemblance  to  tantalie 
acid,  but  nevertheless  distinct  from  it,  and  from  each  other.  To  the  metals  supposed 
to  exist  in  these  acids,  Bose  assigned  the  names  Ifiobium  and  PelopiuM,  But  from 
later  investigations  (Fogg.  Ann.  xc  468),  he  inferred  that  these  two  adds  contained 
the  same  metal  assodatM  with  different  quantities  of  oxygen ;  he  therefore  discarded 
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the  name  pelopimiii  and  designated  the  metal  found  in  American  oolnmbite  and 
BaTarian  tantabte  as  niobium.  This  metal  is  elearlj  the  same  as  the  onedisoovered 
by  Hatchett  more  than  sixty  yean  ago,  and  ought  perhaps,  in  jnstioe  to  its  disooverer, 
to  retain  the  name  columdium  which  he  gave  to  it ;  but  as  the  rediscovery  of  the  metal 
is  certainly  due  to  Bose,  who  moreorer  prepared  and  analysed  a  considerable  number 
of  its  compounds,  chemists  are,  for  the  most  part,  agreed  to  designate  it  by  the  name 
Irhich  he  assigned  to  it,  namely  Niobium.  (See  the  Memoirs  already  dted;  also 
Pogg.  Ann.  ciT.  310,  432  and  581 ;  ct.  424 ;  en.  148 ;  cni.  666 ;  cviii.  273  and  466 ; 
czi.  193  and  426  ;  czii.  468  and  649.— Jahresber.  1868,  p.  161 ;  1869,  p.  166 ;  I860, 
p.  146.— Tfioi^  oompUtdeChinus  analiftigue,  par  H.  Bose ;  Paris,  1868, 1861 ;  i.  306 ; 
ii.  469.) 

Niobium  occurs,  as  already  mentioned,  in  columbite,  which  is  a  niobate  of  iron  and 
manganese,  in  most  cases  pvtly  replaced  by  tantalum  ;  certain  Greenland  columbites, 
however,  contain  niobium  unmixed  with  tantalum;  tantalites,  on  the  other  hand, 
generally  contain  niobium  as  well  as  tantalum,  f  See  Taxtalum.)  Niobium  likewise 
occurs  associated  with  yttrium,  uranium,  iron,  ana  small  quantities  of  ether  metals,  in 
Siberian  samarskite,  uranotantalite  or  vttro-ilmenite,  also  in  pyrochlore,  enxenite,  and 
a  variety  of  futchblende  from  Satersdafen  in  Norway. 

Now  when  pure  Greenland  columbite  is  fiised  with  caustic  alkali,  or  with  acid 
sulphate  of  potassium,  and  the  fused  mass  treated  with  water,  &c.,  in  the  manner  to 
be  nereafter  described,  an  oxide  of  niobium  is  obtained,  which,  when  mixed  with 
charcoal  and  ignited  in  a  stream  of  chlorine,  yields  two  chlorine  compounds,  one  white 
and  the  other  yeUow.  These  were  regarded  by  Bose  as  distinct  chlorides  of  niobium, 
NbCl*  and  NbCl\  and  when  treated  with  water,  were  supposed  to  yield  the  corre- 
sponding oxides  NbK>*  and  NbO', 

It  was  remarkable,  however,  that  the  lower  oxide  could  not  be  converted  into  the 
higher  by  direct  oxidation ;  and  for  this  reason,  as  well  as  on  account  of  certain  diffe- 
rences in  the  blowpipe  reactions,  Bose  regarded  these  oxides,  and  their  corresponding 
compounds,  not  as  related  to  one  another  like  different  oxides,  chlorides,  &c  of  one 
and  the  same  metal  (the  ferrous  and  ferric  compounds  for  example),  but  rather  as 
distinct  series  of  compounds  containing  the  same  metal  in  different  allotropic  modifi- 
cations. Hence  he  designated  the  hi^er  oxide,  6oc,  as  compounds  of  manum;  the 
lower  as  compounds  otl^fponiobium.  But  on  the  other  hand,  the  two  chlorides  were 
found  to  be  convertible^  one  into  the  other,  and  by  their  intervention  the  higher  oxide 
could  be  formed  from  the  lower ;  moreover  the  lower  oxide  appeared  to  be  formed 
(though  not  readily)  from  the  higW,  by  the  action  of  hydro^n  and  other  reducing 
agenta.  Li  these  respects,  therefore,  the  so-called  hyponiobium  compounds  seemed 
to  be  related  to  the  mobdum  compounds  in  the  same  manner  as  different  oxides,  &c.» 
of  the  same  metal. 

The  due  to  the  explanation  of  all  these  anomalies  has  been  ftimished  by  the 
recent  investigations  of  Marignae  (Compt.  rend.  Ix.  234,  1366;  Ann.  Ch.  Pharm. 
cxxxv.  49;  cxxxvi.  296;  Archives  des  Sciences  physiques  et  naturelles,  xziii.  167» 
249 ;  XXV.  6;  Jahresb.  1866,  p.  198),  which  have  shown  that  there  is  but  one  chlo- 
ride of  niobium,  viz.  the  yellow  chloride  above  mentioned,  which  is  a  pentachloride, 
NbCl* ;  that  the  white  chlorine-compound  formed  at  the  same  time  is  an  oxychlo- 
ride,  NbOCl*;  that  both  these  compounds  when  treated  with  water,  yield  the  pen- 
toxideNbK)*,whidi  is  identical  in  all  its  properties  with  Boss's  lower  oxide  (Nb'O*); 
and  that  his  supposed  hieher  oxide  (NbO'),  was  merely  a  mixture  of  niobic  and  tan- 
talic  oxides ;  in  fact  Bose  s  experiments  were  made  with  niobium  compounds  pre- 
pared from  columbites  containing  tantalum  as  well  as  niobium ;  and,  according  to 
his  own  descriptions,  the  so-called  niobic  add  and  its  salts  (originally  regarded 
as  compounds  of  a  distinct  metal — pelopium),  invariably  exhibited  characters  inter- 
mediate between  the  corresponding  compounds  of  hyponiobium  and  tantalum. 
Marignac's  results  have  been  confirmed  by  Blomst rand  (J.  pr.  Chem.  xcvii.  67; 
Jahresb.  1866,  p.  207). 

JdetaUie  niobiwn  is  obtained,  according  to  Bose,  by  heating  fluoride  of  niobium,  or 
flaoride  of  niobium  and  po^Assium  or  sodium,  with  sodium  in  a  covered  iron  cmdble, 
and  washing  out  the  scuuble  salts  with  water.  It  is  a  black  powder,  of  specific 
grarity  6*27 — 6*67,  whid^  oxidises  with  incandescence  when  heated  in  the  air, 
forming  niobic  oxide,  NVO*.  When  somewliat  strongly  heated  in  chlorine  gatf  it  is 
eonver^d,  also  with  incandescence,  into  a  mixture  of  niobic  chloride  and  oxvchloride. 
Accordinff  to  Delafontaine  (Jahresb.  1866,  p.  206)  the  product  obtainea  as  above 
is  notmetaDic  niobium,  but  a  protoxide,  NbO,  which  is  not  attacked  oy  water,  caustic 
alludis,  or  strong  acids,  even  at  the  boiling  heat  The  presence  of  orygen  in  it  was 
not  directly  proved,  but  was  inferred  from  the  formation  of  oxychloride,  NbOCl",  on 
haating  it  in.  chlorine  gas,  and  from  the  quantity  of  oxygen  required  to  convert  it  into  the 
pentoxide.  For  metallic  niobium  this  quantity  should  be  29*86  per  cent,  of  its  weight ; 
Vol.  IV.  E 
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tat  tlie  protoxide  22*64  per  cent  Now  Delafontaine  Ibnnd  that  the  blaiek  powder,  when 
toaatedf  gained  fix>m  17  to  19'8  per  oent.  of  its  weight;  and  the  increase  obscucred  by 
Boee  was  ftom  20*6  to  22*2.  Aoooiding  to  Blomstrand,  pure  niobic  chloride  is 
ledaced  by  hydrogen,  at  a  red  beat,  to  iridescent  steel-grey  metallic  niobinm. 

VXOBruiKt  BAOMIBB  OF.  Kiobie  bromide  and  ozybromide  are  analogous 
in  composition  to  the  chloride  and  oxychloride,  and  are  obtained  by  similar  processes ; 
the  former  is  porple  red,  the  latter  yellowish ;  both  are  apt  to  retain  small  quantities 
of  firee  bromine. 

VZOBXVIC,  CBXiOSSBB  OF.  NbCl*.  This  oomponnd  is  obtained,  together  with 
the  oxychloride,  by  the  action  of  chlorine  at  a  red  heat  on  the  corresponding  oxide 
mixed  with  charcoal.  Niobic  oxide,  separated  from  columbito  by  processes  to  be  here- 
after described,  is  mixed  with  starch  or  sugar,  and  the  mixture  completely  charred  by 
Ignition  in  a  covered  crocible.  It  is  then  introduced  in  small  pieces  into  a  glass 
tube,  which  is  strongly  heated  by  a  charcoal  fire  or  a  gas  Aimace,  while  a  stream  of 
dry  carbonic  anhydride  is  passed  through  it.  As  soon  as  all  the  moisture  is  expelled, 
the  tube  is  left  to  cool,  the  stream  of  carbonic  anhydride  being  still  kept  up;  the 
carbonic  anhydride  apparatus  is  then  replaced  by  a  chlorine  apparatus ;  and  the  tube 
is  again  heated  after  the  carbonic  anhydride  an^  atmospheric  air  have  been  com- 
pletely expelled  by  the  chlorine.  Two  chlorine  compounds  are  thus  obtained — viz. 
niobic  oxychloride^  white,  volatile,  but  not  fusible,  and  niohic  chloride^  yellow,  volatile, 
and  easily  fiisible. 

Niobic  chloride  is  yellow.  It  is  converted  bv  water  into  niobic  oxide,  Nb*0*,  and 
hydrochloric  acid ;  by  aqueous  ammonia  into  niobic  oxide  and  chloride  of  ammonium ; 
yielding,  according  to  Marignae,  65*28  ptsl  of  chlorine  to  49*39  niobic  oxide,  the 
calculated  quantities  being  65*88  chlorine  to  49*35  niobic  oxide.  Its  vapour-density, 
according  to  Devi  lie  and  TrooKt  (Compt.  rend.  Ix.  1221 ;  Ann.  Gh.  Fharm.  cxxxvi. 

249),  is  9*6 ;  calcuUtion  from  the  formula  NbCl*  gives  ^^  +  ^  ■  ^^'^  x  0*0693  «  9*4 

Niobic  chloride,  treated  with  strong  nUphuric  acid,  gives  off  hydrochloric  acid,  and 
forms  a  solution  which  becomes  turbid  on  boiling,  and  solidifies  to  a  jelly  on  cooling. 
It  dissolves  in  hydrochloric  add^  and  with  aid  of  heat  in  aqueous  |7oto«A.  With  alcohol 
it  forms  a  clear  solution,  which,  when  freed  by  distillation,  fix>m  alcohol,  h^rdrochloric 
acid,  and  chloride  of  ethyl,  leaves  a  thick  syrupy  liquid,  consisting  ofniobate  of 
ethyl.  Zinc  inunersed  in  the  hydrochloric  solution  of  niobic  chloride,  diluted  with 
water,  ^oduces  a  fine  blue  coloration ;  a  still  finer  colour  is  obtained  by  pouring 
aolphunc  acid  on  niobic  oxychloride,  then  adding  water  and  metallic  zinc. 

Niobic  oxychloridet  NbOCl*,  is  white,  and  contains,  according  to  the  unalysis  of 
Devi  lie  and  Troost,  43*2  per  cent,  niobium,  48*9  chlorine,  and  7*3  oxygen,  the 
formula  requiring  43*3  niobium,  49*4  chlorine,  and  7*3  oxygen.  The  vapoiur-density, 
determined  by  the  experimente  of  Deville  and  Troost,  is  7*9 ;  calculation  firom  the 

formula  NbOCl»  requires  9^  +   1^  +   »  -  35*5   ^   ^.^g^j  _  y.g     jc^  compound 

is  instantly  converted  by  water  into  niobic  oxide : 

2NbOCl«  +  8H«0     -     6HC1  +  NbK)*. 

Heated  in  vapour  of  disulpbide  of  carbon,  it  is  converted,  according  to  Delafontaine 
into  niobic  oxysulphide,  Nb*0%*. 

arZOBZmK,  BSTacnOar  AVB  BSTZMATZOW  of.  l.  Beactiona.-- 
The  compounds  of  niobium  cannot  easily  be  mistaken  for  those  of  any  other  metal, 
except  tantalum.  Indeed  these  two  metals  may  be  said  to  form  a  group^  apart,  dis- 
tinguished by  marked  characters  from  all  others,  especially  by  the  periect  insolubility 
of  their  oxides  in  acids  after  ignition,  and  by  their  blowpipe  reactions ;  further  by 
the  fact  that  when  fused  with  excess  of  acid  sulphate  of  potassium,  thay  dissolve,  forming 
a  fased  mass  from  which  the  oxide  of  niobium  or  of  tentelum  may  be  completely 
separated  in  the  insoluble  state  by  dissolving  out  the  soluble  salts  with  water;  from 
silica,  which  resembles  these  oxides  in  ite  insolubility  in  acids  after  ignition,  they  are 
eiisily  distinguished  by  their  blowpipe  reactions. 

Niobic  oxide  heated  before  the  blowpipe,  especially  in  the  inner  flame,  assumes  a 
greenish-yellow  colour  while  hot,  but  becomes  colourless  on  cooling.  With  borax  it 
forms  in  the  outer  flame  a  colourless  bead,  which,  if  the  oxide  is  in  sufficient  quantity, 
becomes  opaque  by  interrupted  blowing  or  fiaming.  In  the  inner  flame  the  bead 
assumes  a  greyish-blue  colour,  provided  it  contains  a  sufficient  quantity  of  the  oxide 
to  produce  opacity  on  cooling.  In  microcoemio  salty  niobic  oxide  dissolves  in  laige 
quantitv,  forming  a  colourless  bead  in  the  outer  flame,  and  in  the  inner,  a  violet- 
colourea,  or  if  the  bead  is  saturated  with  the  oxide,  a  beautiful  blue  bead,  the  colour 
disappearing  in  the  outer  flame.  The  addition  of  ferrous  sulphate  changes  the  colour 
to  blood-red. 
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All  the  iiiobiiim-eompoiuids  hitherto  diaooTered  in  natural  minerals  are  salts  of 
niobic  acid.  The  niobatee  bear  a  dose  resemblance  to  the  tantalales,  bnt  are  distin* 
goiahed : — 1.  Bj  the  Ytary  diifeient  densiiiee  of  the  oxides  or  anhydrides  obtained  from 
them,  tantalie  oxide  having  a  density  of  7*6,  whereas  that  of  niobic  oxide  is  only 

about  4'5. — 2.  By  the  behaviour  of  these  oxides  before  the  blowpipe. S.  By  the 

behavionr  of  the  solutions  of  the  alkaline  niobatee  and  tantalates  with  hydrochloric 
acid  at  ordinazr  temperatures,  the  precipitated  niobic  oxide  being  insoluble  in  excess 
of  that  add,  whereas  the  tantalie  oxide  predpitated  from  the  tantalates  dissolves  in 
excess  of  hydrochloric  acid,  forming  a  slightly  opaline  liquid. — 1.  The  residue  left 
on  eraporating  the  sdutioos  of  the  alkaline  niobatee  may  be  heated  (but  not  caldned) 
without  giving  rise  to  the  separation  of  add  salts  insoluble  in  the  alkaline  liquid, 
whereas  with  the  tantalates  a  very  considerable  portion  of  the  salt  is  separated  in  this 
insoluble  condition. — 6.  Niobic  oxide  is  also  distinguished  from  tantalie  oxide  by  the 
facility  with  which  it  is  decomposed  by  ammonia  gas  and  sulphydric  add  gas. 

6.  The  alkaline  niobates  in  solution  may  be  distinguished  from  the  t^^^rtalat^  by 
their  reactions  with  hydrochloric  add,  sal-ammoniac,  ferrocyanide  of  potassium,  and 
infusion  of  galls,  the  last  three  reagents  being  added  to  add  solutions. 


Hydrochloric  add. 
Chloride  of  ammonium. 


Ferrocyanide  of  potas- 
sium. 

Ferricyanide  of  potas- 
sium. 

Infusion  of  galls. 


Nichates, 


White  predpitate  insoluble 
in  excess. 

Flredpitation  slow  and  in- 
complete. 

Bed  predpitate. 

Bright  yellow  predpitate. 

Orange-red  predpitate. 


TantalaU)u 


White  predpitate  soluble  in 


Complete  predpitation  as 
acid  tantalate  of  ammo- 
nium. 

Yellow  predpitate. 

White  predpitate. 
Light  yellow  predpitate. 


2.  Eatimation  and  Separaiion.^'nhib  native  niobates  are  partially  deeom* 
posed  by  heating  with  stronff  sulphuric  add,  and  completely  by  funon  with  caustic 
alkalis,  or  by  long-continuea  fruion  at  a  very  high  temperature  with  alkaline  car- 
bonates. A  better  method,  howerer  is  to  fuse  the  levigated  columbite  in  a  platinum 
erudble  with  six  or  eight  times  its  weight  of  acid  sulphate  of  potasdum ;  pulverise 
the  mass  when  cold ;  and  boil  it  repeatedly  with  fresh  quantities  of  water  till  no 
more  sulphate  of  potasshim,  iron,  or  manganese  is  dissolved  out  of  it.  The  residue, 
which  consists  of  hydrated  niobic  acid  mixed  with  ferric  oxide,  stannic  acid,  and 
tungstic  acid,  is  then  digested  in  sulphide  of  ammonium  containing  excess  of  sul- 
*phur,  which  removes  the  stannic  and  tunpstic  adds,  and  conveits  the  iron  into 
sulphide ;  the  liquid  is  filtered,  and  the  niobic  add  washed  with  water  containing 
sulphide  of  ammonium,  then  boiled  with  strong  hydroehlorio  add  to  remove  iron, 
manganese,  uranium,  cerium,  copper,  &c.,  and  finally  washed  with  boiling  water. 
The  hydrated  niobic  acid  thus  prepared  is  converted  into  the  anhydride  by  ignition. 

Some  columbites  contain  titanicacid.  To  separate  this,  the  mineral  is  frised  with 
about  twelve  times  its  weight  of  add  sulphate  of  potassium,  and  the  fused  mass  is 
treated  with  cold  water.  Add  sulphate  of  titanic  oxide  then  dissolves,  while  the  sul- 
phate of  niobic  oxide  remains  undissolved.  The  residue  is  then  washed  with  water ; 
but  to  obtain  complete  separation,  it  is  necessary  to  repeat  this  treatment  both  with 
this  reddue  and  with  the  titanic  add  predpitated  from  the  filtrate  by  ammonia. 

The  separation  of  niobium  from  tantalum  is  effected  by  means  of  acid  fwrnds  of 
potasaiuTn,  whereby  the  tantalum  is  converted  into  fluotantalateof  potassium,  reqxiiring 
151  to  167  pts.  of  water  addulated  with  hydrofinoric  add  to  dissolve  it  at  ordinary 
temperatures,  and  the  niobium  into  fiuoxyniobate  of  potassium,  2KF.NbOF*.H*0, 
soluble  in  12  to  13  parts  of  co^  water.  The  flndy  pulverised  mineral  is  fused  with 
five  or  six  times  its  weight  of  acid  potasdum-sulphate ;  and  the  niobic  acid  thereby 
separated  is  thoroughly  washed,  then  ignited  and  weighed ;  again  Aised  with  acid 
potassium-sulphate,  boiled  out  with  water,  and  dissolvMl  in  hydrofluoric  add.  The 
solution,  heated  to  the  boiling-point,  is  mixed  with  a  small  quantity  of  hydropotassic 
fluoride  (0'2d  am.  to  each  gramme  of  the  mixed  niobic  and  tantalie  oxides),  and  if 
no  crystallisation  takes  place,  it  is  evaporated  to  a  smaller  bulk  ^about  7  cub.  cent,  for 
1  gramme  of  the  mixed  oxides) ;  and  the  potassio-tantalic  fluoride  which  then  sepa- 
rates, is  collected  and  washed  till  the  filtrate  no  longer  gives  the  reaction  of  niobium 
(an  orange-yeUow  precipitate)  with  tincture  of  galls.  By  treating  the  filtrate  and 
wash-watera  in  a  similar  manner,  and  with  certain  precautions  detailed  in  Marignac's 
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memoir,  the  separation  of  the  niohiam  and  tantalum  may  be  effected  almoei  com- 
pletely. 

From  the  alkali  a,  niobic  acid  may  be  seiparated  if  in  eolntion^by  precipitation  with 
Bulphnric  acid ;  if  in  the  form  of  an  inaolnble  compound  (as  in  ^rrite),  by  ftision  with 
sulphate  of  ammonium. 

for  farther  details  on  the  separation  of  niobium  tiam  other  elements,  see  H.  Bos  e^ 
jyaiU  de  Ckimie  anafyUqite,  ii.  469. 

The  atomic  weight  of  niobium  was  estimated  by  Boss  at  98 :  but  the  number 
94  determined  by  liarignac  from  his  analysis  of  the  niobates  and  fluoxyniobates 
agrees  rery  closely  with  the  vapour-densities  of  niobio  chloride  and  ojychloride,  as 
determined  by  Deville  and  Troost,  and  is  now  admitted  to  be  correct. 

jnEOBZVlCv  V&irOBtMa-COMFOWSS  or.  Niobium  forms  a  fluoride 
KbF*,  and  an  oxyfluoride  NbOF*,  analogous  to  the  chloride  and  ozychloride  ;  both 
form  double  salts  with  the  chlorides  of  the  alkali-metals  and  other  basic  metals. 

FluQxymiohate*, — ^By  dissolving  niobic  add  in  hydrofluoric  acid,  an  ozyfluoride 
of  niobium  is  obtained,  having  the  composition  NbOF",  and  forming  salts  isomoa> 
phous  with  the  fluotitanates,  fluostannates,  and  fluotungstates. 

PotaMMium'taltt. — ^A  solution  of  niobic  acid  in  hydrofluoric  acid  mixed  with  fluo- 
ride of  potassium  yields  a  series  of  fluoxyniobates,  flve  of  which  have  been  obtained  by 
Marignac  in  deflnite  form.  One  of  these  is  permanent ;  the  others  are  converted  into 
this  normal  salt  by  reci^stallisation.  The  fluoniobate  crystallises  out  only  in  presence 
of  excess  of  hydrofluoric  acid.  All  the  fluoxvniobates  are  insoluble  in  a  saturated 
solution  of  potassium-fluoride ;  and  more  soluble  in  warm  than  in  cold  water.  From 
the  perfectly  clear  solution,  ammonia  throws  down  niobic  add  containing  potash.  By 
evaporation  with  sulphuric  add,  they  are  decomposed ;  and  on  treating  the  product 
witn  water,  niobic  acid  remains  as  an  insoluble  powder,  very  easy  to  wash,  while  the 
whcde  of  the  alkali  remains  in  solution.  This  reaction  is  available  for  the  quantitative 
analysis  of  these  salts.    The  individual  salts  are  as  follows : 

a.  Laminar  or  Normal  S4Ut,  2KFJXhO'F*JP0, — ^This  salt  separates  from  aqueous 
solution  in  very  thin  laminsB,  so  that  moderately  concentrated  solutions  solidify  to  a 
jelly.  In  presence  of  a  snull  quantity  of  free  hydrochloric  add,  it  crvstallises  in 
rlumbo'idal  tables,  belonging  to  the  monoclinic  system,  and  exhibiting  the  combina- 
tion ooP  .  oP.  osPoo .  +Poo .  +  8P,  sometimes  also  with  -f  P  and  -f  }P.  Angle  ooP  : 
•P  (clinod.)  -  92<>  i/;  oP:  +P00  =  61®  26';  +8P:  +8P  «  90°  lO';  +8P  : 
-f  Poo  -I  126^  34'.  It  is  therefore  isomorphous  with  fluotitanate  and  fluoxytung- 
state  of  potassium.  It  gives  off  nearly  all  its  water  at  100^,  and  is  not  deeomposM 
at  200^,  It  dissolves  very  easily  in  not  water,  and  requires  for  solution  fmta  12*6 
to  13  pte.  of  cold  water  (at  17°  to  21°),  in  presence  of  hydrofluoric  add  somewhat 
less. 

/3.  CubtUd  tali,  8KF.NbOF>.^CryBtallises  from  solutions  containing  excess  of 
potassium-fluoride,  in  forms  resembling  the  cube  but  not  belonging  to  the  monometrio 
system ;  when  recrystaUised  flram  water  it  yields  the  salt  a. 

7.  Aoieular  aalt,  8KFJNbOF*.HP. — Separates  from  solutions  containing  excess  of 
hydrofluoric  add  and  potassium-fluoride,  in  slender  needles,  or  by  slow  cmtallisation  in 
well-developed  monodinic  prisms  exhiUting  the  combination  •»>  P  .  ~P  .  odP  .  ooPoo . 
oP,  sometimes  united  as  twins  by  the  side  ooPoo ,  and  thence  resembling  rhombic 
octahedrons.  Angle  ooP  :  ooP  «  116°6(/;  -P  :  -P(dinod.)  -  138^  dO^;  +P: 
•I-  P  (dinod.)  -  136<>  34' ;  odP  :  -P  -  134<'  8^.  The  salt  does  not  alter  at  100<>,  but 
when  heated  to  its  melting  point,  it  is  converted  into  the  anhydrous  salt  3KF.NbOF*. 

9.  Btsagonal  tali,  6KF.3NbOF'.HK). — ^When  a  solution  of  niobic  acid  in  hydro- 
fluoric add  is  mixed  with  less  than  an  equivalent  quantity  of  potassium-fluoride,  the 
salt  a  crystallises  out  first,  and  afterwaRLs  the  hexagonal  salt  in  apparently  hexa- 
gonal roonodinic  prisms,  mostly  grown  together  and  imperfectly  developed. 

c.  JHclimo  salt,  4EF.8NbOF'.2H''0.— When  an  excess  of  niobic  fluoride  has  accu- 
mulated in  the  mother-liquor  of  the  last-mentioned  salt,  the  triclinic  salt  ultimately 
crystallises  in  intergrown,  apparently  rectangular  prisms. 

Fluonkbale  of  BoUutmm,  2EF.KbP,  is  obtained  by  dissolving  the  fluoxynio- 
bate  a  in  warm  hydrofluoric  add,  and  crystallises  on  cooling  in  needle>ehaped  tri- 
metric  oystals  isomorphous  with  the  fluotantalate^  and  exhibiting  the  combination 
ooP  .  ooPoo  .  Poo.  Angle  ooP  :  ooP  -  112®  30';  ooP  :  ooPoo  «  124<^;  wtoo  :  too 
1- 1  Id*'  K/ ;  too :  Poo  e  120^'  30'.  The  erystahi  give  off  hydrofluoric  add  when  heated 
alone  in  contact  with  the  air;  with  excess  of  lead-oxide  they  may  be  fused  al  a  red 
heat  without  loss  of  weight.  Their  aqueous  solution  prepared  at  a  high  temperature, 
yields,  on  cooling,  a  crystallisation  of  laminar  potassium  fluoxyniobate  (a),  and  a  very 
acid  mother-liqaor. 
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The  /luoxyniobate  hod/luoniobate  of  sodium  woe  obtained  by  Marignac 
only  in  ciTSta&ine  erasU  whidi  appeared  to  be  mixtures. 

Fluoxyniobates  of  Ammonium, — Several  of  these  salts  were  obtained  in  the 
same  manner  as  the  potassium-salts ;  they  are  all  likewise  conyerted  by  reczystallisatiou 
into  one  and  the  same  laminar  salt. 

a.  Lamin€tr  salt,  2NH*F.NbOF'. — ^Not  isomorphons  with  the  corresponding  potas- 
sium-salt, and  much  more  soluble  than  the  latter.  The  crystals,  which  belong  to  the 
trimetric  system,  exhibit  the  combination  ^oo .  ^Poo .  ^oo .  \if» ,  oP,  and  assume  a 
tabular  form  in  consequence  of  the  development  of  the  basal  faces.  Angle  oP :  Poo 
-  112°  36';  oP  :  JP«  -  Ul^  30';oP  :  JPoo  -  134«»60';  !Poo:Pflo  a  106*40'.  The 
salt  may  be  heated  to  180*  without  loss  of  weight. 

iS.  Cubic  aaUj  SKH^F.NbOF*. — Crystallises,  like  basic  fluosiroonate  oif  ammonfnni, 
in  cubes  or  cubo-octahedrons. 

7.  Hexagonal  Salt,  6NH«F.3NbOP.H'0.— Crystallises  from  solutions  containing 
excess  of  niobic  fluoride,  in  short  hexagonal  prisms,  acuminated  by  a  yery  obtuse 
pyramid  of  the  second  order. 

3.  Bectan^ular  salt,  NJS^.NbOF*. — Separates  from  the  mother-li^[uor  of  the  pre* 
ceding  salt  in  groups  of  four-sided  prisms,  the  crystalline  form  of  which  could  not  be 
exact^  determined. 

Fluoniobaie  of  Ammomum  has  not  been  obtained  pure ;  a  solution  of  the  lamiasf 
salt  a  in  excess  of  hydrofluoric  add,  yields,  on  cooling,  a  cubic  double  salt  containing 
2NH*F.NbP  +  NH«F  JJbOF". 

Fluoxyniobats  of  Copper,  CuF'.NbOF*.4HK),crystallisesf^mYery concentrated 
solutions  in  blue  shining  flat  octahedrons  belonging  to  the  monoelinic  mtem  and  ex- 
hibiting the  combination  -f-P.-P.ooP.  [ooPao].oP.    Angle  ooP:  ooP  -  106*  60^; 
ooP  :  [  ooPflo  ]  - 126°  80' ;  oP  :  -P  -  1420  20' ;  oP  :  ooP  -  100®  40'.    The  crystals 
are  hygroeoopie  and  yezy  soluble. 

Ftuoxyniobate  of  Zinc,  ZnF'.NbOF'.6H*0,  crystallises  in  the  hexagonal  system, 
mther  in  needle-shaped  prisms  or  in  apparent  dodeokhedrons,  on  which  uie  prism  has 
been  observed  together  with  the  primary  rhombohedron  and  a  subordinate  acuter 
rhombohedron.    Angle  B  :  R  in  the  terminal  edges  -  127*  6' ;  B  :  ooP  a  116*  26'. 

All  these  flnoxyniobates,  with  the  exception  of  one  of  the  potassium-  and  one  of  the 
ammonium-salts  of  somewhat  complicated  constitution,  have  uieir  corresponding  terms, 
as  rpgards  oystalline  form  and  chemical  constitution,  in  the  groups  of  the  fluotitanates, 
fluostannates,  fluotnngstates,  and  fluoziroonates,  the  fluorine  and  oxyeen  repLscing  ona 
another  isomorphously ;  thus  the  acieularpotassium-salt,  SEPJIFJNbOF*,  is  isomoc^ 
phous  with  fluostannate  of  potassium,  SfiJ'JSF.SnF* ;  the  lamellar  ammonium-salt,. 
2NH«F.NbOF*,  with  fluotungstate  of  ammonium,  2NH*F.W0''P ;  the  cubic  amao- 
nium-salt,  8NH«F.NbOF*,  with  flnoairoonate  of  ammonium,  3NH^.Zr7«;  the 
zinc-salt  with  the  fluostannate,  fluosiUcate,  and  fluotitanate  of  ainc^  ArC»  It  was  the 
isomorphism  of  these  salts  which  flrst  led  Marignac  to  the  disooyery  of  the  true 
oonstitution  of  the  niobium-compounds. 

VIoazOM^  wmxUM  or.  Obtained  by  heatinf  niobic  chloride  in  ammonia 
gas.  It  is  a  dull  black  powder  which  conducts  electricity,  is  not  attacked  by  nitric 
acid,  scarcely  by  nitromuriatie  add,  but  easily  by  a  mixture  of  nitric  and  hydxofluorio 
adds. 

VZOBIVlCp  OXZBafl  OF.  Niobium  forms  a  pentoxide  Nb'O*,  analogous  to 
the  pentachloride ;  also,  according  to  Delafontaine,  a  protoxide  and  a  dioxide. 

Pbotoxidx,  NbO.  This  is  the  black  powder  (regarded  by  Boss  as-  metallia 
niobium),  obtained  by  igniting  fluoride  of  niobium  and  potassium  with  potassium 
(the  oxygen  being  derived  from  the  air,  p.  49). 

It  appears  also  to  be  formed,  according  to  De-yille  and  Troost  fJahresb.  1866 ; 
p.  211),  by  the  action  of  magnesium  on  the  vapour  of  mdbic  oxychloriae : 

2NbOCl*  ^.  Mg«     -  SMgCl*  +  2NbO: 

and  by  heating  fluoxyniobate  of  potassium  with  sodium : 

2KF.NbOF«  +  Na«    »     SNaF  +  2KF  +  KbO. 

PioxiDB,  NbO*.  This  oxide  remains  as  a  dense  black  powder  with  a  tinge  of 
blue,  when  the  pentoxide  is  heated  to  whiteness  for  sevenl  hours  in  a  stream  of 
hydrogen  (whereupon  it  loses  nearly  6  per  cent,  of  ita  weight).  It  is  permanent  in 
the  air  at  ordinary  temperatures,  but  when  heated  to  redness,  is  converted,  with  in- 
candescence, into  white  niobic  oxide,  taking  up  from  6*22  to  6'38  per  cent,  oxygen, 
lealc  6*34  per  cent.)  It  is  not  attacked  by  water,  concentrated  acids,  or  caustio 
alkalis,  dther  in  the  cold  or  at  the  boiling  heat.    (Delafontaine). 
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Pemtoxidbof  NiOBivx.  KioBic  OxiDB  or  Anhtdbidb.  In  the  hydmtod 
state,  I^iolfic  Acid.  THib  oxide  may  be  prepared:  1.  By  deoompoBing  niobic  chloride 
or  oxyehloride  with  water. — 2.  By  fosing  columbite  or  other  minerals  containing  it 
with  acid  sulphate  of  potassium  and  treating  the  fused  mass  with  water  &c.,  as 
described  in  speaking  of  the  estimation  of  niobium  in  these  minerals  (p.  61). 

Niobic  oxide  is  white,  but  becomes  yellow  when  heated,  the  colour  disappearing 
again  on  cooling.  Its  specific  gravity  varies  according  to  the  degree  of  heat  to  which 
it  has  been  eiqposed  in  preparation.  When  prepared  from  columbite  by  fusion  with 
acid  sulphate  of  potassium,  and  perfectly  purified  from  tantalic  oxide,  it  has  alter 
ignition  a  specific  gravity  of  4*37  to  4*46 ;  that  obtained  by  prolonged  ignition  of 
fiuoxyniobate  of  ammonium  has  a  specific  gravity  of  4*61  to  4*58  (Marignac). 
That  prepared  by  the  action  of  water  on  the  chloride  is  a  hprdrate  (niobic  acid) ;  it  is 
amorphous  and  has  a  density  of  6 '26 ;  but  by  exposing  niobic  oxyehloride  to  moist 
air,  so  that  it  may  be  slowly  decomposed,  a  crystalline  hydrate  is  formed  having  a 
density  of  4*6— 4'7.  By  exposing  tlie  amorphous  hydrate  to  a  red  heat  for  a  long 
time,  or  to  a  white  heat  for  a  shorter  time,  it  is  converted  into  anhydrous  niobic  oxide 
havinff  nearly  the  same  density  as  the  crystalline  hvdrate.  At  the  highest  tempera- 
ture of  a  ^rcelain  furnace,  the  oxide  is  converted  into  a  sandy  powder  consisting  of 
microscopic  aystals,  of  specific  gravity  4*00 ;  in  one  experiment  it  was  fused  at  this 
hidhi  temperature,  and  formed  on  cooling  a  radio-crystalline  mass.    (Rose.) 

The  hydrate  prepared  by  the  action  of  water  on  the  chloride,  and  likewise  that  pre- 
cipitated  by  hydrocmoric  acid  from  solutions  of  alkaline  niobates,  exhibits  bright  incan- 
descence when  calcined;  the  oxide  containing  sulphuric  acid  obtained  by  fusing 
columbite  with  add  sulphate  of  potassium,  does  not  exhibit  this  phenomenon. 

Niobic  oxide  heated  in  hydrogen  gas  turns  grey  and  is  partially  reduced ;  the  loss 
of  weight  amounting,  according  to  Rose,  to  1  per  cent.,  according  to  Delafontaine 
to  6  per  cent.  (tantaUe  oxide  suffers  no  reduction).  Niobic  oxide  is  decomposed  by 
ignition  in  a  stream  of  gulph^rie  acid  gas,  or  vapour  of  ttUphide  qf  carbon^  being 
converted  into  niobic  sulphide  (Rose),  oxysulphide  (D e  1  af  o  n  t a i  n  e).  Ignited  in  am- 
monia g€u  it  tarns  bla<^  gives  off  a  large  quantity  of  water,  and  is  partly  converted 
into  a  nitride  (p.  63). 

Niobic  oxide  after  ignition  is  insoluble  in  all  acids.  The  hydrate  dissolves  with 
difficulty  in  hgdroehloric  acid,  so  that  when  an  alkaline  niobate  is  precipitated  by  an 
excess  of  hydrochloric  acid,  the  filtrate  retains  only  a  small  quantity  of  niobic  acid 
in  solution ;  but  on  boiling  for  some  time  with  strong  hydrochloric  acid,  and  then 
adding  water,  a  considerable  quantity  is  dissolved,  and  by  repeating  this  treatment 
with  acid  and  water  two  or  three  times  on  the  residue,  the  whole  may  be  ultimately 
dissolved.  The  hydrate  dissolves  easily  in  hydrofluoric  acid,  but  is  nearly  insoluble  in 
nitric  acid, 

Niobates. — Niobic  oxide  unites  with  basic  metallic  oxides,  forming  definite  salts, 
several  of  which  occur  as  natural  minerals.  The  niobates  of  the  alkali-metals  are 
produced  by  fusing  niobic  oxide  with  the  hydrates  of  Uiose  metals,  or  by  boiling  niobie 
acid  with  solutions  of  caustic  alkalis. 

The  alkaline  niobates  are  likewise  soluble  in  solutions  of  potash  and  carbonate  of 
potassium,  but  dissolve  with  great  difficulty  in  excess  of  soda  and  carbonate  of  sodium. 
Niobic  acid  is  precipitated  f^m  its  alkaline  solutions  by  acids,  especially  by  sulphuric 
acid,  even  at  ordinary  temperatures  (the  precipitation  of  tantalic  acid  requires  the  aid 
of  heat).  Oxalic  acid  does  not  affect  alkaline  niobates ;  but  carbonic  acid  gas  precipi- 
tates an  acid  salt  soluble  in  a  large  quantity  of  water ;  acetic  acid  and  stu-ammoniac 
also  form  precipitates,  but  the  precipitation  by  the  latter  is  slow  and  imperfect,  es- 
pecially if  the  solution  contains  carbonate  of  potassium  or  sodium.  A  solution  of  an 
alkaline  niobate,  acidulated  with  sulphurio  or  hydrochloric  acid,  forms  a  red  preci- 
pitate mih/errocyanide  of  potassium,  bright  yellow  with  the  ferru^anide,  and  orange- 
red  with  infusion  of  gaUs.  A  piece  of  sme,  immersed  in  the  acidulated  solution, 
forms  a  beautiful  blue  precipitate,  which  after  a  while  changes  to  brown.  Tantalates 
yield  only  a  fiiint  blue  colour  with  sine,  on  addition  of  a  veiy  large  quantity  of  hydro- 
chlorie  add. 

Niobates  of  Potassium. — These  salts  crystallise  readily  and  in  well-defined 
forms.  By  fusing  the  oxide  with  2  or  8  pts.  of  potassium-carbonate  and  evaporating 
the  solution  of  the  fused  mass  in  a  vacuum,  the  salt  4KK).3Nb*0*.16H^O,  is  obtained 
in  large  monoclinic  prisms,  exhibiting  the  combination  oeP .  [  ooPod  ]  .  [2Pao  ]  .  oP  . 
+  P.  Angle  ooP  :  »P  -  109*»  20' ;  oP  :  ooP  -  94«  SC ;  oP  :  +P  «  186°  6' ;  oP  : 
[2P«o  J  s  182°  1(/.  This  salt  melts  when  heated  above  100^  and  solidifies  again 
at  a  higher  temperature,  acquiring  a  transient  yellow  colour  and  becoming  insoluble. 
The  aqueous  solution  of  the  ciystals  deposits  a  second  sa1t>  8K'0.7Nb*0\d2H*0,  in 
rhombic  octahedrons  exhibiting  the  combination  P .  odPqo  .  oo^oo  .  oP,with  the  angles  P :  P 
(brach.)  »  120«  40';  P  :  P  (maci  ^  -  118®  0';  oP :  P  -  134®  20';  it  is  not  altered 
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by  iMiystallisation.  A  folutioii  of  either  of  the  preceding  salte  mixed  with  caustic 
potash,  and  slowly  evaporated,  yields  a  third  salt^  3K'0.2ybK)M3H'0,  in  Terr  efflo- 
rescent crystals  having  the  character  of  rhombic  octahedrons.    If  the  potash  used 

contains  soda,  a  doable  salt  containing   Xa«0  1 3Nb*0*.9H^,  is  obtained  at  the  same 

time  as  a  pnlyemlent  precipitate,  slightly  soluble  in  water,  insoluble  in  the  alkaline 
liquid.  By  boiling  a  solution  of  fluozyniobate  of  potassium  with  acid  carbonate  of 
potassium,  nearly  the  whole  of  the  niobium  is  thrown  down  as  an  acid  niobate  of 
potassium^  K'0.3NbK)*.6HH),  forming  alight  pulverulent  precipitate,  nearly  insoluble 
u  water. 

The  niobates  of  sodium  are  crystalline  powders  which  decompose  during 
washing. 

Niobate  of  Iron  and  Manganese.  (Fe''0;Mn"0).Nb*0».»  CoiwnbiU.  Niobite. 
This  is  the  mineral  in  which  niobium  or  columbinm  was  first-  discovered.  It 
occurs  in  trimetric  prisms,  exhibiting  the  combination   ool^oo  .  o»^qo  .  oP .  ooP . 

ool^  .  ooP3  .  ^Poo  •  j^d  .  P,  with  other  ftces.  Axes  a:b:o  »  0-8292  :  1 :  0*8773. 
Angles  ooP:  ooP  »  lOO^*  40';  oP:^oo  -  133^  22*6' (Dana,  ii.  363).  A  crystal 
of  columbite  from  the  granite  of  Montevideo,  examined  byMaskelyne  (Phil.  Mag. 
[41  XXV.   41)  exhibited  the  combination   ooPoo   .    oo^oo  .  oP .  2P2  .  qdP  ,  anPz . 

odPS,  with  the  an^es  aDfao  :  aotb  -  163O40';  ooi^3  :  <»P6  -  166^42'.  Colum- 
bite flJso  famB  twins,  with  face  of  composition  parallel  to  2f^ao .  Cleavage  pcunJlel 
to  oof  00  and  oofoo,  the  latter  the  most  distinct.  It  occurs  also  massive,  but 
rarely.  Hardness  —  6.  Specific  gravity  »  6*4 — 6*4;  6*469  for  the  Connecticut 
mineral ;  6*7 — 6*89  for  the  Bavarian.  Lustre  submetallic.  Colour,  various  shades  of 
black,  often  iridescent.  Streak  dark  red  to  black.  Fracture  suboonchoi'dal,  uneven. 
Brittle.  It  is  not  altered  by  heat  alone.  By  borax  before  the  blowpipe  it  is  slowly 
dissolved,  giving  the  reactions  of  iron  and  manganese ;  the  bead,  if  saturated  to  a 
certain  extent,  may  be  rendered  greyish-white  by  flaming,  especially  if  it  has  been 
previously  heated  in  the  inner  flame ;  if  fidly  saturated,  it  becomes  opaque  sponta- 
neously on  cooling.  With  carbonate  qf  eoaium  it  gives  the  manganese  reaction. 
Many  oolumbites  heated  on  charcoal  with  soda  and  bwax  in  a  strong  reducing  flame, 
yield  metallic  tin. 

Analyses  of  Columbite. 
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a.  From  Bodenmalf  in  Bavaria  (H.  Rot e).— A.  Awn  tlie  lame  (A  wd aj  e  w}.— e.  from  MiddleCown, 
In  Connecticat  (H  e  r  m  a  n  n^.— <f.  from  the  tame  (O  e  1 1  e  n).— ^.  frem  ChanteloiiD,L(rooffM'(  D  a  m  o  u  r). 
/.  from  Hermankir nnf  BJOrktUr, In  Finland  (Nordeniklfil d).--^.  from  the  Ilmen  mountaiut 
nenr  Mlaak  In  the  Ural  (He<m an  n>.— *.  from  Clie  tame  (Oe  tten),  ltamneltbei«*t  Mimeralekemw, 
p.  898. 

The  columbite  of  Bodenmais,  on  the  Babenstein,  near  Zwiesel,  octenrs  in  granite. 
In  the  United  States  it  occurs  both  in  febpathic  and  in  albitic  granite. 

Niobates  of  Yttrium.  To  this  head  belong  the  minerals  Fergusonite,  T^rite, 
and  Bragite,  which  are  in  all  probability  identical.  Fergusonite  has  been  already  de- 
scribed (ii.  623).  Tyrite  occurs  near  Arendal  in  Norway,  in  crystals  too  small  for 
measurement,  but  probably  quadratic,  exhibiting  distinct  cleavage  and  having  a  den- 
sity of  5-13  to  5*56.  Accorcung  to  Bondi  and  Kenngott,  their  form  is  identical  with 
that  of  Fergusonite.  The  mineral  decrepitates  and  gives  o£f  water  when  heated,  and 
exhibits  wiu  fluxes  the  reactions  of  iron  and  uranium. 

Bragite,  also  from  Arendal,  has  a  grey-brown  colour,  metallic  lustre,  uneven  small 
splintery  fracture ;  hardness  4-5 ;  specific  gravity  a  5*40. 

The  following  are  analyses  of  these  minerals ;  that  of  fergusonite  has  been  already 
given,  but  is  repeated  here  for  the  sake  of  ready  comparison. 

•  On  the  fonaula  of  columbitet  and  tantalitat,  tee  Bl  om •  t  r  an d  (J.pr.  Chevt.  xcriJ.  4€»  Jahretb. 
1865,  p.  888.) 
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Tyrile.  Braclte.  Fei<ciitonite. 

Kiobic oxide  .        .        .        44*90        44*48  4849  48*10        47*76        48*84 

Stannic  oxide 0*09  .    .            1*00          0-35 

Zireonic  oxide         .        .          .      .          2*78  0*80  1*45          8*02          6*93 

Alumina         .        .  5*66  3*55  l*85WO* 

Yttria    ....        29-72        27*83  31*90  82*71         41*91         88*61 

Gerons  oxide  .                 .          6*36          6*68  3*68 >  -,.„           , -g          g.^. 

Oxide  of  lanthanum  .    .  1*47  •    •  t 

UranouB  oxide        .                   303          6*99  4*12  4*96          0*06          0*36 

Ferrous  oxide                             6*20          2*11  112  1*37          0*31           1*33 

Manganoue  oxide   .        .          .    .  .     .  0*11 

Protoxide  of  lead 0*41  0*09 

Lime      ....          0*81           1*68  1*96  182 

Potaah 7*23  0*39MgK) 

Water    ....  462  4*66  3'71  1*03        _ 

100-19       10018         99-86         99-45         99-62         99*4 

«,ft,  c.  Forbes  (Phil.  lfa«.  [4]  xlfl.  91— if.  Mtchaelson  (J.  pr.  Chein.  xc.  lOR.)— e.  Hart  wall 
(Pogg  Ann.  xvi.  479).-^.  Web er  {Inamgrnral  distertaiiM,  Berlin,  1809,  p.  69>. 

The  composition  of  these  minerals  may  be  represented  by  the  general  formula 
6M''0.Nb«0*.|H«0. 

Uranoniohate  of  Yttrium  and  Iron,  SamarakiU,  Uranotantalite.  Trimetric. 
An^le  of  prism  2^00  ^  135<'  to  136^  therefore  ooP  :  ooP  «  lOO^' 40'to  lOl^' 40', 
whidi  is  near  that  of  columbite.  Occurs  generally  in  flattened  grains.  Hardness  ^ 
6*6—6.  Specific  gravity  ■•  6*614 — 6*68.  Lustre  of  fracture-surface  shining  and 
submetallic  Colour  Telyet  black.  Streak  dark  reddish-brown.  Opaque.  Fracture 
subconchoidal.  When  heated,  it  decrepitates  slightly,  glows,  and  becomes  blackish- 
brown.  Before  the  blowpipe  it  melts  on  the  edges  to  a  black  glass.  With  borax, 
in  the  outer  flame,  it  forms  a  yellowish-green  to  reddish  g)ass ;  in  the  inner,  a  yellow 
to  greenish-black  glass,  which  becomes  opaque  and  yellowish-brown  by  flaming. 
WiUi  tnioroootmic  salt,  an  emerald-green  bead  in  both  flames.  With  carbonate  of 
sodium,  the  reaction  of  manganese.  When  pulverised  it  is  slowly  but  completely  decom- 
posed by  hydrochloric  acid,  forming  a  greenish  liquid ;  more  easily  by  sulphuric  acid. 


Analyses  of  BamarskUe. 

?j2Si^ !  ««•"  »«-<x>  w»>  "Isi  w-8«  rrje  ^^f 

Zireonic  »        •          •    •          •    •  •    •  •    •  .    •  4*36  4*26 

Stannic    „        •          .     .          .    .  .    .  0*26  .    .  0*06  0*63 

Uranic  oxide     •       14*16        1670  16*77  19*22  16*63U*0 11*60  11*08 

Ferrous        „    .       16*48        16*90  16*94  16*06  8*87  1108  1056 

Man^anous, 0*66  1*20  0*96  1*61 

Cupnc         „    .         .    .          .    «  .    .  0*07  .    .  0*26 

Geroufl         „ .    .  .    .  2*86  8*31)  ..q^ 

yttria      .        .        9-16        11*04  8*36  4*91  13*29  12*61$  ^^^^ 

Thorina .    .  .    .  606  6*66 

Lime         •        •        0*92          1*02  1*88  0*44  .    .  0*73  064 

Magnesia.        •        0*80          0*76  0*76  0*26  0*60  0*14  0*04 

Water       •        •        .    .          .    .  ■    .  .    .  0*88  0*46  0*40 

96*84      101*41         99*61        96*86      100*08      100*41       100*82 

«,  A,c.  bf  P«r«s.-^by  Chandler  under  B.  Rote's  direction  (Pogg.  Ann  Ixil.  157;  Uxll. 
4119;  IzxIlL  449)^— e.  by  Hermann  (J.  pr.  Cbem.  1.  ITS).—/  bjr  Flnkener.~«.  by  Stephens, 
under  Rose's  direction  (Fogg.  Ann.  cxviU.  119.  406, 4»7.)  (BnQ.  8oc  Chlm.  ▼.  491  ;  Jahresb.  1861, 
p.  889). 

Samankite  is  from  the  Ilmen  mountains  nesr  Kiask,  when  it  oeenrs  with 
fMchynite  in  reddish-brown  felspar. 

Hermann's  yttro-Umeniis,  a  mineral  from  the  same  locality,  agreeing  with  sa- 
marskite  in  crystalline  form  and  density,  but  supposed  by  him  to  contain  a  peculiar 
add,  ilmenic  acid  ^iii.  246),  is,  according  to  IL  Rose,  nothing  but  samarskite  con- 
taining a  small  quantity  of  tungstic  acid. 

Niobats  of  Caleium,»Cerium,  ^c, — ^This  is  the  composition  of  pyrochlore,  a 
mineial  occurring  imbedded  in  syenite  at  Fredriksyiim  ana  Lauwig  in  Norway,  asso- 
dated  with  zircon,  polymignite,  and  phosphate  of  yttrium ;  also  at  Brevig  with  thorite; 
in  the  Ilmen  mountains  near  Hfiask,  and  assodated  with  tourmalin  in  uie  albite  yein 
at  Chesterfleldi  llassachusetts.    Monometric,  occurring  in  octahedrons  modified  by 


NIOBIUM,  OXIDES. 


57 


fMM  of  the  cube,  and  alee  in  dodecahedrooB  and  trapMohedrone  202,  808.  Cleavage 
octahedral,  aometimea  dietinct,  eepeeiallyin  the  smaller  czyetale.  Haidnese  ■■  6— 6'6. 
Specific  grayity  »  3*802  from  Brevig  (Bene lias);  4*32  from  Miask  (RoBe){ 
4-203  from  Miask  (Hermann) ;  4*202 — 4*221  from  Fredribiram  (Hayes).  Lustre 
yitreous  or  resinons.  Colour  pale  honey-yellow,  brown,  dark  reddish,  or  blackish- 
brown.  Snbtranslucent  to  opaque.  Fracture  conchoidaL  Before  the  blowpipe  it 
becomes  pale  brownish-yellow  or  lemon-yellow,  but  retains  its  lustre  and  ftises  with 
great  diflicnlty.  With  borax  it  yields,  in  the  outer  flame,  a  reddish-yellow  transparent 
glass,  which  becomes  opaque  by  flaming,  and  with  a  larger  proportion  of  borax  forms 
a  white  enameL  In  miorocosmie  salt  it  dissolves  completely,  fonning  in  tae  outer 
flame  a  yellow  glass  which  becomes  grass-green  on  cooling. 

Analjfses  of  ^prooklore. 


FrodrU 

Lttarn. 

Brerig: 

Ml 
W6hlcr. 

Hafet. 

'^WShler. 

—  -— ^ 
CbydcDlot. 

ncfiiuuio* 

Niobic  oxide 
Titanic  oxide 

i- 

.    62-76 

)  63*10 
)  20*20 

67  02/ 

trace( 

6107 

67-87 

60*83 
4-90 

Stannic  oxide 

.      0-61 

.     • 

•    • 

0-57 

Ceric  oxide    . 
Alumina 

.      6-80 

::l 

5*16 

•     • 

18*15 

15-23» 

Ferric  oxide  . 

.      216 

2-35 

Uranic  oxide 

.    1.    . 

•    • 

4-60 

XJranous  oxide 

•      518 

1*20 

i*33{ 

2*82 

Ferrous  oxide 

•           •        • 

•    • 

1*28 

2-28 

Hanganous  oxide  . 

.     2-76 

•    • 

1*69 

•    • 

0-14 

•    • 

Carous  oxide 

•      •    • 

■ 

•    • 

•    « 

5-00 

Yttaia  . 

•      •    • 

•    • 

•    • 

•    • 

0*81 

0-94 

Thorina 

•      .    . 

■    • 

•    • 

4*62 

Lime     . 

.    12*85 

19*45 

9-88 

1602 

10-98 

9*80 

Magnesia 

•      •    • 

•    • 

•    • 

•     . 

•    • 

1-46 

Soda     .        . 

•      •    • 

•    • 

•     • 

4*60 

6*29 

8-62 

Potash . 

•      •    • 

•    • 

•    • 

.     • 

a          • 

0-05 

Fluorine 

.    trace 

•    • 

•    • 

not  det. 

8*28 

2*21 

Wat«  . 

.      4*20 

0*80 

706 

117 

1-16 

97*80 


97*10        96*74  95-87        lOaUl      101*87 


'W6hl«r(Pogir.ADB.  tU.  417;  zstII.M;  xIyIH.  8S(  Ann.  Ch.  Pharm.  Ixl.ifi4).-Ha7»i  (8111. 
Am.  J.  xM.  168, 164).~Chjdaalut  (Jahrrtb.  IMS,  p.831.)-»Herniann  (J.  pr.  Chem.  zxxi.94; 
1. 189  i  IxTlfl.  96). 

Pyrochlore  Tor  Microlite)  from  Chesterfield,  Massachusetts,  contains,  according  to 
Shepard  (SuL  Am.  J.  xnrii.  838),  76*70  per  cent,  niobic  oxide,  7*42  tnngstic  oxide, 
nranous  oxide  and  yttria,  14*84  lime,  and  2*04  water. 

Buxsnite  (ii.  611)  from  Norway  is  essentially  a  titano-niobate  of  yttrium  and 
uranium. 

Msehynite  (L  59)  from  Miask,  is  according  to  Hermann(i?amme{«6n^«  Mineral^ 
ckenUe,  p.  424),  a  compound  of  titanic  and  niobic  oxides  with  ceric,  ferric,  lanthanic 
Oixide,  &C. 

Niobic  oxide       • 

Titanic  oxide 

Zirconia  (?^ 

Ferrous  oxide 

Yttria 

TAnthanum  oxide        • 

Cerous  oxide       •        • 

Lime  •        .        •        • 

Water 


83-39 

85-05 

88-20 

11-94 

10*56 

25-90 

17-52 

17'58 

22*20  Ce,0,t 

17*66 

432 

5*45 

9-35 

4-62 

1-28 

4-76 

11-18 

6*22 

2-48 

15-69 

5-12 

2-40 

1-66 

1-66 

1-20 

101*05 

100-51 

100*57 

5*08 

4-95 

Speeifle  gravity  .        •        • 

Poly  era  s«,  a  mineral  from  Hitteroe  in  Norway,  agreeing  in  crystalline  form  with 
colnmUte  and  samarskite,  contains,  according  to  Scheerer  (Pogg.  Ann.  Ixii.  480; 
Ixxii.  568)  and  Hermann  (J.  pr.  Chem.  1.  181),  titanic,  niobic  and  sirconic  oxides, 
combined  with  ferric  oxide,  uranic  oxide,  cerous  oxide,  and  yttria,  small  quantitiea  of 
alumina,  and  traces  of  lime  and  magnesia. 

OV«    By  the  action  of  sulphydiic  acid  gas  on  niobic 


*  TIm  liroonla  found  aoeordinf  to  the  flrtt  and  second  analytM  gur^  no  crysUlliMbla  lalt  with 
Jiydrochloric  aeid,  and  appeared  in  the  third  analvtU  aa  a  mixtura  of  ceric  and  titanic  oxidei* 
t  Witli  oxide  of  lanthaaum. 
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chloride^  at  ordinary,  or  more  qnickly  at  higher  temperatures,  or  bj  paning  the 
vapour  of  sulphide  of  carbon  mixt^  with  carbonic  anhydride  (to  cany  it  fbrwud)  oyer 
strongly  ignited  niobic  oxide,  H.  Rose  obtained  a  black  metallically  lustrous 
powder,  which  he  regarded  as  a  sulphide  of  niobium.  According  to  Belafontaine, 
It  is  an  oxysulphide  NbH)«8«  or  (NbO)«S». 


A  Tariety  of  chiolite  (fluoride  of  alnmininm  and  sodium, 
2NaF.AllF*),  fonnd  at  Miask  in  the  UraL    (See  Sodicu,  Fluobidb  of.) 

WITBZA&TW*      A  yellow  amorphons  substance,   produced   by  the  action  of 
sulphide  of  ammonium  on  paranitraniline.    (Arppe,  Ann.  Ch.  Fharm.  xcTi.  113.) 


A  heayy  colourless  pungent  liquid,  formed,  together  with  others, 
by  the  action  of  strong  nitric  add  on  cenanthol  (Til ley,  PhiL  M^.  [3]  xxxiii.  81)  ; 
also  on  choloidic  acid  (He  d  ten  bach er,  Ann.  Ch.  Pharm.  lyii  146). 

See  AjcABnra  (i.  162). 

An  explosiye  substance  produced  by  the  action  of  strong 
nitric  add  upon  starch,  also  called  Xyloidin(j^.  v.). 

VnntAJr.  Gkaham*s  name  for  the  radide  NO',  which  must  be  supposed  to 
exist  in  the  nitrates,  when  they  are  regarded  as  formed  on  the  type  of  the  cmorides, 
e,ff.  nitric  add,  NO*.H. 

Syn.  with  Nitbatbs. 

See  Akixjm^  Nmzic  DsBiyATiyBS  of,  under  PfixirrLAinirBS. 

See  Akisic  Acid  (i.  302). 

See  Akisb,  Oil  of  (i.  298). 

See  ANiamiNx  (L  304). 

tO&.    See  Akxboz.  (i  305). 

See  Nitric  add,  under  Nitboobk,  Oxidbs  and  Oxtgsk-Acids  of. 

Natiye  nitrate  of  sodium.    See  Nitbatxs. 

nmJkBIZVa.     See  AiOLiNB,  Nnsio  "DxarrxTrrm  of,  under 

PEEHYLAMXXaa, 

«lTBASO»BBHinb-CZnLILCOVAMIC  ACXH.)      »       ,     , 

(     See  the  last  reference. 

tAKOVHim  I  j»-czTSACoarAm]>x>        ' 

A  name  applied  sometimes  to  nitrate  of  potassium,  sometimes  to  nitrate 
of  sodium,  but  more  frequently  in  commerdal  language  to  the  latter,  the  potassium- 
salt  being  more  especially  distinguished  as  saltpetre. 

VITBSO  ACSD.    See  Nitboobn,  Oxidbs  and  Oxtoxn-Acids  of. 

Syn.  with  Nitbooxk. 

This  term  might  be  applied  to  the  compounds  of  nitrogen  with  any 
other  element  or  radide,  but  it  is  chiefly  used  to  designate  the  compounds  of  nitrogen 
with  phosphorus,  boron,  silicon,  and  the  metals.  The  metallic  nitrides  haye  for  the 
most  part  the  composition  denoted  by  the  formula  KN,  B'N,  or  B'N  (B  denoting  a 
monatomic  metal),  the  last  being  analogous  to  ammonia.  They  are  mostly  obtained  by 
the  action  of  ammonia  on  metaUic  oxides  or  chlorides ;  frequently  also  by  the  direct 
action  of  atmospheric  nitrogen  on  metals  at  the  moment  of  separation  from  their  oxides 
by  charooaL  Most  of  them  have  a  metallic  aspect,  are  easily  decomposed  by  heat, 
sometimes  with  explosion ;  some  of  them  howerer  withstand  a  vety  high  temperature 
without  decomposition.  Hany  of  them  are  reduced  to  the  metallic  state  by  ignition  in 
hydrogen  or  ammonia-gas;  heated  with  water  or  hydrate  of  potasdum;  they  often 
yield  metallic  oxides  and  ammonia ;  they  bum  when  heated  in  the  air.  Tbey  unite 
with  other  metallic  compounds,  espedally  with  metalamides. — [For  the  spedal  descrip- 
tions of  these  compounds,  see  the  seyeial  metals ;  for  the  methods  of  analysing  them, 
see  page  65.] 

This  term  is  applied  to  the  cyanides    of  the  aloohol-ndides 


regarded  as  compounds  of  nitrogen  with  add  radides;  thus  cyanide  of  ethyl 
G<H*.CN  -  propionitrile  C*H\N.  (See  Ctakidxs,  ii.  202,  211,  258,  272,  274 ;  also 
Bbnzomitbilb,  i.  603,  and  Ctanidb  of  Cbttl,  i.  840.) 

Mendius  (Ann.  Ch.  Pharm.  cxxi  129)  has  shown  that  the  nitriles  are  oonrexted 
by  direct  assumption  of  hydrogen  into  amines,  according  to  the  general  equation : 
C>H**-*  +  H*  —  OH^'+'N ;  e,g.  formonitrile  (cyanide  of  hydroffen)  into  methyl- 
amines  aeetanitrile  into  etfaylamine,  &c    The  conyerdon  is  effected  by  bringing  the 
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nitrite  mixed  with  hydrochlorio  add  and  alcohol  into  contact  with  metallic  me.  (See 
MsTHTULiONB,  iil  995.) — Action  of  bromine  on  nitriles.  (Engler»  Amu  Ch.  Pharm. 
cxxziiL  137.) 

'm    See  Indin  (iii  266). 

See  Nrrnous  Acid,  under  NrmooBK,  Oxmna  and  Oxtobn-acids  of. 

See  AzoBBNZBNB  (i.  478). 

See  Bbuzaxidb  (i  541). 

See  PHnNTL-BBirzAiDDi,  nnder  Phbhtlaxucbs. 

or  BxMZONrriiAiasiDB  (see  AMiamnra,  i  804). 

See  Bbnzkztb  (i.  643). — ^The  following  are  additional  modes 
of  formation  and  transformation  of  these  oomponnds. 

1.  Nitrobenzene  is  produced,  together  with  other  products,  by  the  action  of  strong 
nitric  acid  on  oil  of  turpentine  (H.  Schiff,  Ann.  Ch.  Pharm.  cxiy.  201).  See  Tubfek- 

TI2«B. 

2.  In  preparing  nitrobenzene  for  use  in  perfumery,  H.  Vohl  recommends  that  the 
benzene  be  first  distilled  at  a  temperature  below  83^,  to  free  it  from  a  Tolatile  sulphur- 
etted body  which  it  usually  contains.  The  nitrobenzene  is  subsequently  to  be  distilled 
in  a  current  of  aqueous  vapour,  and  the  portion  of  the  product  which  remains  dissolyed 
in  the  water  separated  by  addition  of  common  salt,    (bingl.  pol.  J.  clxvii.  148.) 

3.  Nitrobenzene  distilled  for  a  lone  time  with  chromate  of  potassium  and  sulphuric 
acid,  is  converted  intanitrophenoic  acid,  OHXN0')0*  (Church,  Chem.  Soc  Qu. 
J.  xiv.  52).    See  Pkbnoic  Acid. 

4.  When  vapour  of  nitrobenzene  mixed  with  hydrogen  is  passed  over  bested 
platinum  sponge,  there  is  obtained  amongst  other  products  a  yellowish  oil,  formine 
with  hypochlorite  of  calcium  a  blue  substance  which  is  reddened  by  acids  and  turned 
blue  aeain  by  alkalis.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  is 
neutral  to  litmus.    (Q-.  Jumel,  BulL  Soc.  Chim.  1861,  p.  47.) 

5.  Nitrobenzene  heated  with  sulphide  of  carbon  to  160^  is  converted  into  aniline. 
(Schlagdenhauffen,  J.  Pharm.  fS]  xxxiv.  175.) 

For  other  modes  of  effecting  thia  transformation,  see  Amiurb  under  Phbmtl- 

AlOMBS. 

6.  Nitrobenzene  treated  with  2  pts.  iron  filings  and  ^  pt  strong  hydrochloric  acid 
is  converted  into  a  red  colouring  matter  called  erythrobenzin.  After  24  hours'  contact 
the  solid  msss  is  to  be  triturated  and  exhausted  with  water,  the  clear  solution  pre- 
cipitated with  common  salt>  and  the  product  purified  by  resolution  and  precipitation. 
(F.  Laurent  and  J.  Castlehaz,  Rep.  Patent  Inventions,  Oct  1862,  p.  339.) 

7.  Binitrobenzene  treated  with  iron'/Uinas  and  acetic  acidj  is  converted  into  pheny- 
lene-diamine,  C»H*(NO«)«  +  H»«  -  4H«0  +  ^\B\CR*y.  (A.  W.  Hofmann, 
Proc  Roy.  Soc.  xi  518.) 

WZTROB3nreOBir&  Syn.  with  Hydride  of  Nitrobenzoyl  (see  Benzyl,  Hydbidb 
OF,  i  574). 

See  Bbmzoio  Aczd  (i  455). 

See  BENZONrrBiLB   (i.  564).      For  the  action  of 
sulphide  of  ammonium  on  this  compound,  see  SuLFHAxmoBBKZAiaxQi. 

XnrSOaSVSOT&i  PnOXZXia  OV.    See  Pbboxidb& 

irmtoBsirxoara  or  vmtOBiorKOPHnonB.   See  Bbhzonb. 

VXTmOBMVXO'XX-BaWXOnr.    See  Bbnzodt  (i.  560). 
vmOBKOMO-vaonno  or  -CASBOIAC  AOCB.    See  Phbnol,  Dbbiva- 

TTVES  OF. 

L    Syn.  with  Buttbo-nitbxo  Acid  (i.  698). 
Native  nitrate  of  calcium  (see  Nitbatbs). 

C'«H'»(NO«)0.— Produced,  together  with  nitrocaprylic 
acid,  by  the  action  of  boiling  nitric  acid  on  the  non-volatile  fatty  acids  of  cocoa-nut  oil. 
(Wirz,  Ann.  Ch.  Pharm.  dv.  289.) 

VZTKOCAyST&ZC  ACXB.    See  Capbtlio  Acid  (i.  745). 

VZTROCAXBOIiIC  ACZS.     Syn.  with  NrrBOPHBNlc  AcJD. 

WITKOOaUbmbOSB.    See  Cbllulosb  (i.  819)  and  Ptboztun. 

VITKOOB&OXOBXHUnra.  See  Chlobidb  of  DnnTBOPHBim.,  under  Phbntd, 
Chlobidb  of. 
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VXTBOOR&0KOBSWZOZO  AOZlMk  These  acids  are  produced  by  the  action 
of  fdming  nitric  acid  on  the  oorreepondinff  chlorobencoic  acida.  yUromonockloroben" 
zoic  acid,  C^H'C1(N0*)0^  is  slightly  soluble  in  cold,  easily  in  hot  water,  and  ciys- 
talli!ses  in  needles  which  melt  at  205(?)  Its  silyer-salt  is  a  whiteprecipitate  which 
separates  from  water  in  flat  ciystals,  Niirodichlorobensoio  acid,  CBHJi\'SO^)0\  is  a 
yeUowish  oil  which  does  not  solidify  even  after  long  standing.  (Otto,  Ann.  Ch.  Pharm. 
exzii.  129.) 


r     See  Chlosomicko  Aoid  (L  920). 

arZTKOCKOZiIO  AOZB.  GH>N«0*?  (Redtenbacher,  Ann.  Ch.  Phann.  Ivii. 
145.) — An  acid  produced  b^  the  action  of  nitric  acid  on  choloi'dic  acid  (L  929).  The 
hea^y  oil  which  condenses  in  the  receiver  has  an  acid  reaction,  but  is  not  a  uniform 
substance.  When  washed  with  water  and  left  in  contact  with  aqueous  potash,  it 
acquires  a  yellow  colour,  and  if  the  alkaline  solution  is  concentrated,  deposits  lemon- 
yeUow  crystals  of  nitrocholate  of  potassium.  To  obtain  the  whole  of  this  salt,  tlie 
alkaline  solution  is  decanted  from  tbe  unalt-ered  oil  and  evaporated  in  a  vacuum.  It 
may  be  purified  by  redissolving  the  crystals  in  tepid  water,  and  again  evaporating  in  a 
vacuum. 

Nitrocholate  of  potassium,  CHKN^O*  ?,  has  a  lemon-bellow  colour,  and  apparently 
the  same  form  as  ferrocyanide  of  potassium ;  it  has  a  slightlv  intoxicating  odour,  and 
is  not  permanent  in  the  air.  The  crystals,  as  they  dry  even  in  vacuo,  and  especially  if 
heated,  split  into  a  great  number  of  small  fragments,  acquiring  at  the  same  time  a 

Sowerful  odour  and  apparently  suffering  decomposition.  The  solution  of  the  salt 
ecompoees  under  the  same  circumstances.  When  boiled  for  a  long  time,  it  yields 
crystau  of  saltpetre.  When  decomposed  by  an  acid,  dilute  sulphuric  acid  for  example, 
it  yields  nitrous  acid,  nitric  acid,  a  fat  oil  and  hydztxsyanie  acid,  products  which  may 
likewise  be  obtained  from  the  mother-liquor  of  the  crude  nitrochoUte.  Nitrocholate 
of  potassium  does  not  precipitate  metallic  salts. 

See  CHBTSXifB  (i.  958). 

See  CiJXSJLMESM  (L  983). 

K    See  CanxAMio  Acid  (i.  988). 

See  CiMNAiiiDB  (i.  989). 

^CZmAJRBZBZSBi  Nitranisj^-cinnamide  or  Cinnitraniside,  C^*W*NK>* 
(see  i.  304,  989). 

jrZTBOCOCCVSZC  AOZll.  A  product  of  the  action  of  nitric  acid  on  carmine 
(i.  804). 

See  CoDBiNB  (i.  1068). 

'.    See  CouicAsiN  (ii.  94). 

or  WZTSOCVMOIb    See  CuimcB  (ii.  174). 

See  Cbbstlio  Aixx>hol  (ii.  207). 

or  aTZTBOCUmnnra.    See  Cumentlaminb 
(ii.  178). 

VZTKOOVMXVIC  AOZB.    See  Cuhintc  Acid  (i.  178). 
mTSOCTBKBSm  or  jnTmOOTpKO&.    See  Ctxxnb  (ii.  296). 
JIXTKOBRACOVBSZO  JkCTX^,    Syn.  with  Nitranisic  Acm. 


irZTBOBZCKliOltOFBSMIIC  ACZB.  Ifitrodiehlorophenol,  Nitrodichlorocar' 
bolic  acid,    (SeePHSKOL,  Dbrtvativbs  of.) 

VZTSOBSJELCT&AMZBB.  C^H'NH)'.  Isomeric  with  nitrobenzamide  (i.  541). 
Obtained  by  the  action  of  ammonia  on  nitrodracylic  ether  (Wilbrand  and 
Beilst  ein). — See  also  Reichenbach  andBeilstein  (Ann.  Ch.  Pharm.  czzzii.  143). 

VXrmOBRACmuO  JLOXB.  Paranitrohmeoic  add,  CH*(NO<)0'.  (Wil. 
brand  and  Beilstein,  Ann.  Ch.  Pharm.  cxzvi  255;  cxzviii.  257. — O.  Fischer, 
ibid,  cxxvii.  137;  cxzx.  128.) — ^An  acid  isomeric  with  nitrobenzoic  acid,  produced  by 
the  action  of  fuming  nitric  acid  on  toluene  (hydride  of  benzyl).  It  was  first  observed 
byGlenard  and  Boudault  (Ann.  Ch.  Pharm.  xlviii.  344),  who  however  assigned  to 
it  the  formula  C^*IP{NO*)0*,  Fischer  obtained  it  as  a  secondary  product  in  preparing 
nitrobenzene  from  benzene  containing  toluene.  By  agitating  the  crude  nitrobenzene 
thus  obtained  with  dilute  soda-ley,  and  neutralising  the  alkaune  solution  with  hydro- 
chloric acid,  the  add  separated  in  flocks,  which  were  purified  by  recrystallisation  with 


NITROETHYLIC  ACID  (DI-).  61 

addition  of  animal  chansoaL  Wilbrand  and  Beflatein  saturate  Aiming  nitric  acid  with 
tolnene,  keeping  the  lionid  cool ;  boil  the  mixture  for  four  or  Ave  days  with  exceea  of 
nitric  acid;  dilate  the  liqnid  with  water ;  distil  off  the  j^reater  part  of  the  nitric  acid 
and  the  unattached  toluene ;  agitate  the  residne  with  dilute  ammonia ;  supersaturate 
with  nitrie  add;  and  purify  the  separated  nitrodracylio  add  by  repeated  solution  in 
ammonia^  predpitation  with  add,  and  reciystallisation  ttom  aloohoL  The  mother^ 
liquor  retains  a  more  soluble  add,  not  yet  examined. 

Nitrodracylie  add  crystallises  from  solution  in  yellowish  laminae,  and  sublimes  in 
slender  neecues.  It  is  easily  soluble  in  alcohol,  ether,  and  boiling  water ;  melts  at  240^ 
(nitiobenaoie  add  at  127°).  By  the  action  of  sodium-amalgam  (on  the  sodium-salt), 
it  is  converted  into  €ugodraoylic  acid,  C**H'*NK>'*  (Beichenbach  and  Be  11  stein. 
Bilfinger).    SeeAppsNDix. 

NUrodraeylaU  of  Ammomum,  C^XNH«)(N0')0'.2H'0,  erystellises  in  faint  rose- 
coloured  very  efflorescent  lamints  ^Wil brand  and  Beilstein).  On  saturating  an 
ammoniacal  solution  with  sulphydnc  add,  and  adding  acetic  add  to  the  filtrate,  a  crys- 
talline precipitate  is  formed  oonaisting   of  oxydracylamie  acid,  G'H'NO'  or 

H*  (  O'  ^™^^  ^^  oxybenzamieadd  (Fischer).  The  same  add  is  produced 
by  treating  nitrodraeylic  add  with  tin  and  hydrochloric  add  (W.  and  B.).    See  Oxt- 

DBACTLAKIC  ACCD. 

mtradracflate  of  Barium,  2C'H*Ba(NO«)0*6H*0  or  C'*H»Bba''(N0«)«0<.6H'0, 
crystaliiaes  m  transparent  yellow  prisms  (W.  and  B.);  the  ealeium-saU  in  colourless 
needles  containing  C»H*Ca(N0«)0«.4H»0  or  C"HH3ca''(NO«)«0*.8H«0  (W.  and  B.) ;  in 
splendidjarge  tables,  C"HK2ca'^(NO')*0^9HH),  which  giye  off  8  at  water  over  oil  of 
▼itriol,  and  the  remainder  at  150°  (Fischerl  [Nitrobenzoate  of  calcium  crystal- 
lises, according  to  Fischer,  in  indistinct  nodules  with  2  at  water,  which  it  gives  off 
between  130°  and  190°.] 

The  lead-Mlt,  C>«H«Ppb"(NO*)'0«,  crystallises  in  needles  (W.  and  B. ;  Fischer); 
the  ntagneaium'Mlt  in  thick  rhombohedral  ciystals  (W.  and  B.);  the  mlver^salt  m 
needles  (Fischer;  W.  and  B.) ;  the  sodium'talt  in  large  yellow  prisms.  (W.  and  B.) 

«ZTB0BmACy&IO  anOBfl.  The  ethsfUe  ether,  Cn\C*B*)(SO^O\ 
obtained  by  treating  the  alcoholic  solution  of  the  add  with  hydrochloric  add  gas, 
crystallises  from  alrohol  in  large  inodorous  lamin»,  melting  at  67°. — The  methylie 
eder,  CrHXCH*XKO*)0*,  liamis  nacreous  laminse  melting  at  96°.  (Wilbrand  and 
Beilstein,  ioe.  eit.) 

UMAJiJilTBa     NUroerytkrin,    See  EBTTHBOiCAMNm. 

CO  AOZB  (BI-).  (7H'K*0*.  (Frankland,  PhiL  Trans. 
1857,  P.  59 ;  Chem.  Soc.  T.  xl  89.)--Th]s  add  is  obtained  as  a  sine-salt^  C^*ZnN*0' 
or  ratner  C*H>*Z2n'77*0^  by  the  combination  of  4  at.  nitric  oxide  (NO)  with 
1  at  due  ethyl  {C^WZedT),  When  dnc-ethyl,  either  pure  or  dissolved  in  ether, 
is  passed  up  by  small  quantities  into  dry  nitric  oxide  confined  over  mercury,  the  gas 
is  absorbed  slowly,  but  completely  and  in  large  quantity,  without  the  production  of  any 
other  gas.  The  solution  may  be  accelerated  by  agitation.  At  the  end  of  one  to  four 
days,  riiomboidal  crystals  of  a  dnc-salt  b^gin  to  he  deposited,  and  increase  in  number 
till  the  liquid  finally  solidifies. 

[For  a  description  of  the  mode  of  preparing  it  in  larger  quantities,  see  the  memoir 
above  dted ;  slso  GmdMe  Handbook,  xii.  555.1 

The  salt  obtained  as  above  is  a  compound  of  dinitroathylate  of  sine  with  ano-ethyl, 
C*H>«Zzn'77H)«.ZEn"(C^H*)^  It  dissolves  in  anhydrous  ether,  and  separates  from  the 
solution  in  large,  colourless,  transpirent^  rhomboidal  crystals,  which  instantly  become 
opaque  on  exposure  to  the  air,  owiog  to  the  formation  of  an  oxidised  product.  Heated 
to  between  180°  and  190°  it  gives  off  a  mixture  of  carbonic  anhydride^  ethylene,  hydride 
of  ethyl,  nitrogen,  and  nitrous  oxideu 

A  ba»w  dinttroethylate  or  oxy^dinitroethylate  of  gino,  C^H^'ZcnN^O^^ZsnO,  is 
obtained  by  treating  the  preceding  ssJt  with  water,  which  decomposes  the  sine-ethyl, 
with  evolution  oi  hydride  of  ethyl  and  formation  of  oxide  of  zinc,  j^e  oxy-diDitroethy- 
late  remains  dissolved  in  the  water,  and  on  pasdng  carbonic  anhydride  through  the 
solution,  carbonate  of  zinc  is  precipitated,  and  a  solution  is  obtained  which  when 
evaporated  to  dryness,  yields  neutral  dinitroethylate  of  eine,  as  a  radiated  crystalline 
mass  composed  of  C^H'*Zzn'^K) '.H'O ;  and  this  when  heated  to  100°,  yields  the  anhy- 
drous salt,  which  takes  fire  at  about  300°,  burning  with  a  beautiful  bluish-green 
flame. 

DinitroethyUc  add  is  obtained  in  dilute  aqueous  solution  by  decompodng  a  dilute 
solution  of  the  zinc-salt  with  sulphuric  acid  and  distilling  in  a  vacuum,  or  by  decom- 
pooing  the  barium-salt  with  just  suffident  sulphuric  add  to  precipitate  the  base.     It 
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has  a  imttgent  odour,  reddens  litmiia  Btrongly,  and  is  v^ry  unstable,  decomposing 
gradnaUy  even  at  ordiniuy  tampentnreS)  and  rapidly  when  sughtly  heated,  with  erolu- 
tion  of  eases  and  white  Taponn. 

The  dinitroethylates  are  all  soluble  in  water  and  in  alcohol,  and  most  of  them  crys- 
tallise with  more  or  lees  difficulty.  They  are  all  yiolently  acted  on  by  strong  nitric 
acid,  the  dinitroethylic  acid  being  decomposed  and  a  nitrate  of  the  base  produced. 
Dilute  nitric  acid  acts  in  a  simiL^  way,  but  more  slowly.  They  all  melt  at  a  little 
above  100°.  The  potassium-,  sodium-,  odcium-,  and  barium-salts  deflagrate  explosively 
like  loose  gunpowder,  at  a  temperature  considerably  below  redness. 

DinitroethylaU  of  BaHum,  C'E'^Bba^N^O*,  prepared  by  treating  the  zinc-salt  with 
excess  of  caustic  baryta,  removing  the  excess  of  baryta  by  carbonic  acid,  &c,  is  neu- 
tral, uncrystallisable,  very  deliquescent,  and  very  soluble  in  water. — The  calcium-scdty 
C<H'«Cca'irH)\8H*0,  prepared  like  the  barium-salt^  crystallises  in  silky  needles  which 
give  off  2  at.  water  at  100^.  By  distillation  with  ethyl-sulphate  of  potassium  it 
appears  to  yield  dinitroethylate  of  ethyl^The  eopper-wdt,  2C«Hi*Ccu'N^0Mi*0, 
prepared  from  the  barium-salt  by  double  aecomposition,  forms  a  solution  of  a  splendid 
purple  colour,  which,  bv  evaporation  in  a  vacuum,  yields  purple  four-sided  needles 
several  inches  long. — The  moffnenum-^tf  C^H'*Mmg'^*0\  prepared  by  decomposing 
the  sine-salt  with  magnesia,  separates  ftom  the  solution,  when  concentrated  over  a 
water-bath,  in  granular  crystals  which  melt  at  lOOP,  and  dry  up  to  a  solid  amorphous 
mass  consisting  of  the  anhydrous  salt — ^The  silver-salt,  C'H^AgN*0^  prepared  like  the 
copper-salt,  is  very  soluble  in  water,  and  crystallises  in  very  light  scales,  which  are 
rapidly  decomposed  on  exposure  to  light.  A  compound  of  this  salt  with  nitrate  of 
silver,  G'H^A^NKy.AgNO*,  is  obtained  as  a  crystallD-grannlar,  sparingly  soluble  pre- 
cipitate, on  mixing  concentrated  solution  of  dinitroethylate  of  zinc,  and  nitrate  of  silver. 

EO  AOIB.    See  Euxanthic  Acid  (ii  610). 

18.     Ifitroprussides,      (See    Cyanidbs  of   Ibok,  ii. 


260.) 


See  NlTROXETHIDBS. 

ravUEC  AOXDm    See  FBAKOULDf  (iL  707). 

wzrmomnr.  Jzote.  Gas  asots.  Stickluft  Stiekstftf.  Atomic  Weight,  14. 
Symbol,  N. — This  element  was  discovered  by  Butherford  in  1772.  Lavoisier 
subsequently  ascertained  that  atmospheric  air  is  composed  of  oxygen  and  nitrogen 
cases,  the  latter  of  which  he  called  azote,  firom  its  incapability  of  supporting  life  (a  and 
?«^).  Chaptal  afterwards  gave  it  the  name  nitrogen^  from  its  entering  into  the  com- 
position of  nitre,  nitric  acid,  ^lg. 

Kitiogen  constitutes  about  one-fifth  of  the  volume  of  the  atmosphere.  It  occurs 
also  in  the  free  state  in  the  air-bladders  of  fish,  and  in  other  cavities  of  the  bodies  of 
animals  and  vegetables.  In  combination  it  occurs  in  native  nitrates  and  ammo- 
niacal  salts,  and  in  a  vast  number  of  organic  compounds,  especially  those  belonging  to 
the  animal  kingdom. 

Reparation.  1.  From  the  Air, — ^Nitrogen  may  be  separated  from  the  air  by  bumins 
in  it  anv  substance  which  forms  with  the  oxygen  a  proauct  that  can  easily  be  removed. 
Thus  when  phosphorus  bums  under  a  bell-jar  standing  over  water  in  the  pneumatic 
trough,  phosphonc  add  is  produced,  and  is  quickly  absorbed  by  the  water,  wnich  then 
rises  into  the  jar  till  it  fills  about  one-fifth  of  the  space  originally  occupied  by  the  air. 
The  remaining  gas,  after  being  well  diaken  several  times  with  fresh  portions  of 
water  to  remove  tne  last  traces  of  phosphoric  acid,  consists  of  nitrogen  contaminated 
only  with  aqueous  vapour  and  a  trace  of  carbonic  anhydride.  When  the  gas  is  required 
quite  pure,  a  better  method  of  obtaining  it  is  to  pass  air  previously  freed  from  carbonic 
anhydride  by  caustic  potash  and  from  aqueous  vapour  by  oil  of  vitriol,  over  ignited  metallic 
copper ;  the  oxygen  then  enters  into  combination  with  the  copper  and  the  nitrogen,  may 
be  received  in  a  vessel  exhausted  of  air.  Or  air  from  a  sas-holder  may  be  passed 
through  a  large  bottle  filled  with  a  mixture  of  moistened  sawdust  and  precipitated  oxide 
of  iron  which  has  been  converted  into  sulphate  of  iron  by  a  current  of  sulphydric  acid 
gas.  After  its  transit  through  this  vessel,  the  air,  deprived  almost  entirely  of  its  oxy- 
gen, should  be  passed  through  a  series  of  four  U-tubes,  the  first  two  containing  solution 
of  pyrogallate  or  potassium  a  caustic  potash  to  absorb  the  carbonic  anhydride  and  residual 
oxygen,  the  last  two  containing  oU  of  vitriol  to  absorb  the  aqueous  vapour.  This 
is  a  very  convenient  method  in  practice,  as  the  sulphide  of  iron  may  be  restored  to 
efficient  activity  an  indefinite  number  of  times  by  passing  sulphydric  add  gas  through 
the  containing  vesseL 

2.  From  Ammonia  and  its  salts, — a.  By  passing  chlorine  through  aqueous  ammonia : 

4NH«  +   Cl»     -     N   +    3NH*C1. 
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The  liberated  nitrogen  may  be  freed  from  adhering  ammonia  br  washing  with  sulphuric 
acid.  Csre  must  be  taken  to  keep  the  ammonia  in  considerable,  excess,  as  otherwise 
the  dangerous  compound,  chloriae  of  nitrogen,  may  be  formed  bj  the  action  of  the 
chlorine  on  the  sal-ammoniac.  According  to  Anderson  (CheuL  News,  t.  246),  the 
nitrogen  obtained  by  this  method  is  always  mixed  with  oxygen. 

0.  Solution  of  nitrite  of  ammonium  when  boiled  splits  up  into  water  and  nitrogen, 
KH^NO*  »  2RH)  +  K*.  But  as  this  salt  is  diilleuft  to  prepare,  it  is  better  to  sub- 
stitute for  it  a  mixture  of  sal-ammoniac  and  nitrite  of  potassium : 

KHHn  +  KNO«    »    KCl  +   2HH)  +  N. 

This  is  the  easiest  of  all  methods  of  obtaining  pure  nitrogen.  The  solution  of  nitrite  of 
potuBsinm  may  be  prepared  by  passing  nitrous  anhydride^  evolyed  from  starch  and 
nitric  acid,  into  solution  of  potash  of  specific  gravity  1'38,  till  it  acquires  a  decided 
acid  reaction,  when  it  is  to  be  neutralised  by  fi^ther  addition  of  the  alkalL  This  solu- 
tion undergoes  no  chan^  by  keeping  and  when  required  to  yield  nitrogen,  must  be 
mixed  with  three  times  its  volume  of  a  concentrated  solution  of  sal-ammoniac. 

7.  Nitrate  of  ammonium  heated  in  the  dry  state  with  sal-ammoniac  also  yields 
nitroeen,  together  with  chlorine,  which  may  be  absorbed  by  slaked  lime  or  caustic 
potaui: 

2(NH«)N0«  +  NH*a    -    N»  +  a  +  6H*0. 

Nitrogen  may  also  be  obtained  from  nitrate  of  ammonium  by  dipping  a  piece  of 
metallic  zinc  into  the  fused  salt. 

9.  Or  it  may  be  procured  by  saturating  oil  of  vitriol  with  nitric  oxide  gas,  adding 
sulphate  of  ammonium,  and  heating  to  130°. 

3.  From  Animal  subatanees. — Muscle  and  other  animsl  substances  gently  heated 
with  dilute  nitric  add  give  off  nitrogen,  together  with  a  little  nitric  oxide,  whidi  may 
be  removed  by  passing  the  evolved  gas  through  a  solution  of  ferrous  sulphate. 

PropertieB. — Nitrogen  is  a  colourless  uncondensable  gas,  of  specific  gravity  0  972 ; 
tasteless,  inodorous,  and  without  action  on  vegetable  colours.  It  is  sparingly  soluble 
in  water,  100  measures  of  which  at  15^  dissolve  only  1}  measures  of  nitrogen.  (See 
GA.SBS,  Absorption  of,  ii.  795.)  It  is  incombustible,  and  does  not  support  the  com- 
bustion of  ordinanr  combustibles  (sulphur,  phosphorus,  carbon,  hydrocarbons,  &c.).  It 
may  be  breathed  for  a  short  time,  but  does  not  support  respiration,  it  is  not  poisonous, 
but  an  animal  immersed  in  it  dies,  simply  for  want  of  oxygen.  Its  function  in  the  at- 
mosphere, as  regards  combustion  and  respiration,  appears  to  be  merely  that  of  a  diluent, 
preventing  the  too  rapid  action  that  would  take  place  in  an  atmosphere  of  unmixed 
oxygen. 

In  the  free  state,  nitrogen  exhibits  for  f&e  most  part  but  little  chemical  activi^. 
The  metals  titanium,  tanUdum,  tungsten,  and  probably  a  few  others,  combine  with  it 
however,  and  even  bum  in  it,  and  under  certain  circumstances  it  may  be  made  to  unite 
directly  with  hydrogen,  oxygen,  and  carbon.  Thus  when  a  long  series  of  electric  sparks 
is  passed  through  a  mixture  of  oxygen  and  nitroeen  gases  standing  over  a  solution  of 
caustic  alkali,  combination  slowlv  ta^es  place,  ana  a  nitrate  of  the  alkaU-metal  is  pro- 
duced. Traces  of  nitric  acid  ana  nitrate  of  ammonium  also  result  from  burning  hydro- 
gen gas  mixed  with  nitrogen  in  an  atmosphere  of  air  or  oxygen.  Nitrogen  and 
hydrogen  can  also  unite,  when  one  or  both  the  gases  are  in  the  nascent  state,  to  form 
ammonia  (i.  182).  The  direct  union  of  carbon  with  nitrogen  to  form  cyanogen,  takes 
place  when  nitrogen  gas  or  atmospheric  air  is  passed  over  an  ignited  miztare  of  charcoal 
and  potash  or  baryta.     (See  Ctamidbs,  ii.  198,  239.) 

The  slight  affinity  existing  between  nitrogen  and  other  elements  gives  a  peculiar 
character  to  its  compounds,  many  of  which  are  extremely  prone  to  decomposition,  e.g. 
the  asotised  principles  of  the  animal  and  vegetable  organism.  Many  nitrogen- 
compounds  also,  especially  those  which  contain  the  oxygenated  radicle  nitryl,  NO^  are 
highly  ezplosiveu 

Nitrogen  belongs  to  the  pentad  group  of  elements  (iil  967X  including  also  phospho- 
rus, arsenic,  antimony  and  bismuth.  It  enters  however  into  combination  with  other  ele- 
ments in  several  proportions ;  thus  there  is  a  complete  series  of  oxides  of  nitrogen,  in 
which  the  ratio  of  the  number  of  nitrogen-atoms  to  that  of  the  oxygen-atoms  ranges 
between  the  limits  2  :  1  and  2:5;  and  Griess  has  shown  that  in  a  variety  of  oiganio 
bodies,  a  single  atom  of  nitrogen  may  be  substituted  for  1  or  for  3  atoms  of  hydrogen. 
In  ammonia  and  its  numerous  substitution  derivatives,  a  single  atom  of  nitrogen  is  united 
with  3  atoms  of  hydrogen  or  of  radicles  equivalent  thereto ;  in  the  ammonium-salts  and 
their  analogues^  on  the  other  hand,  an  atom  of  nitrogen  is  united  with  5  atoms  of 
hydrogen  and  other  monatomic  elements,  or  with  equivalent  quantities  of  polyatomic 
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!TT4  1  TTI 

Q,  ;  sulphate  of  ammonium,  ^']/ao4^''> 


KZTntOOBVf  BOBZSB  OV.    See  Bobon,  Nitbidb  of  (i.  635). 

VZTBOOBH'ff  BBOBKZBB  OF*  NBr*? — ^Formed  by  decomposing  chloride  of 
nitrogen  with  aqueons  bromide  of  potassium.  Dense  blackish-red,  very  volatile  oil, 
having  an  odour  like  that  of  the  chloride,  and  exploding  violently  by  contact  with 
phosphorus  and  arsenic    (Mil Ion,  Ann.  Ch.  Phys.  Ixiz.  75,) 


I  or.  NCI'  ? — This  highly  explosive  compound  was 
discovered  byDulongin  1812.  It  may  be  prepared :  1.  Bv  filling  a  bottle  carefully 
cleaned  and  f^eed  from  eveiy  trace  of  greasy  impurity,  with  chlorine  gas,  and  inverting 
it  over  a  leaden  dish  containing  a  weak  solution  of  some  ammoniacal  salt,  a  solution  of 
1  pt.  sal-ammoniac  in  12  to  15  pts.  water  being  generaUv  employed.  The  chlorine  is 
then  gradually  absorbed,  while  yellow  oily  drops  of  chloride  of  nitrogen  form  on  the 
surface  of  the  liquid,  and  soon  all  to  the  bottom.    The  reaction  it 


NH*ci   +   a«   -   4Ha   +   Na". 

2.  When  a  small  lump  of  sal-ammoniac  is  suspended  in  an  aqueous  solution  of 
hypochlorous  add,  the  same  compound  is  deposited,  being  produced  according  to  the 
reaction : 

NH*a    +     SHaO    -    HCl     +     8H*0     +     Na». 

This  is  a  better  mode  of  preparation  than  the  former. 

Chloride  of  nitrogen  is  a  thin  yellow  oil  of  specific  gravity  1*653.  It  volatilises 
quickly  in  the  air,  giving  off  a  peculiar  penetrating  odour,  and  attacking  the  eyes 
strongly.  When  heated  to  nearly  100^,  or  when  treated  with  any  oil  or  fiit,  or  with 
turpentine,  phosphorus,  and  many  other  substances,  it  decomposes  wi^  an  extremely 
violent  though  local  explosion.  A  single  drop  of  it  exploded  on  a  glass  or  porcelain 
dish,  shatters  the  vessel  to  atoms.  By  hydrochloric,  sulphydric^  or  sulphurous  acid,  it 
is  decomposed  without  explosion,  and  these  reactions  afford  the  means  of  analysing  the 
compound.  The  results  of  different  chemists  who  have  examined  it  do  not,  however, 
agree.  Acording  to  Bine  an  (Ann.  Ch.  Phys.  [8]  xv.  71)  it  has  the  formula  NCI"; 
according  to  MiUon  (Ann.  Ch.  Phys.  [2]  Ixix.  75),  it  is  N«H«C1«  -  NC1«.2NH» ; 
according  to  Gladstone  (Chem.  Soc  Qu.  J.  vil  51),  N'HCl*  =  NC1".NHC1».  The 
reaction  with  sulphurous  acid  is,  according  to  Bineau*s  formula, 

NCI"  +   8H«S0«  +   3H«0  «  NH*.H.SO*  +   2H«S0«  +   ZKCi; 

according  to  Gladstone's, 

N«Ha»  +   5H*S0«  +  5HK)  -  2(NH*.H.S0*)  +   3H«S0«  +   6HC1. 


VXTBOOBir,  OB&OBOVBOBVBZBB  Ol",    NPC1<.    See  Pbosphobus,  Chlo- 

BOMirRIDB  OF. 


I  OF*  NS'Cl  or  N«S».Sa*.— When  the 
compound  2NH*.SCP  (obtained  by  bringing  ammonia-gas  slowly  in  contact  with 
protosulphide  of  chlorine)  is  heated  for  some  hours  to  100°  in  a  glass  tube,  it  is 
converted  into  a  yellow  mixture  of  sal-ammoniac  and  chlorosulphide  of  nitrogen : 

2(2NH»J3a«)  =  8NH*C1  +  NSKIL 

On  heating  this  mixture^  sal-ammoniac  is  given  off,  and  the  chlorosulphide  of  nitrogen 
is  resolved  into  nitrogen,  sulphur  and  disulphide  of  chlorine — 

2NSKI1  -  N»  +   S»C1«  +   S*. 

The  same  mixture  dissolves  completely  in  water,  and  the  solution,  which  is  yellow  at 
first,  becomesturbidafterawhile  and  slowly  deposits  a  brown  powder,  and  is  then  found 
to  contain  sal-ammoniac  and  hyposulphurous  acid,  with  a  trace  of  sulphydric  acid.  The 
principal  reaction  may  be  expressed  by  the  equation : 

NS«C1  +  3BP0  «  NH«C1  +  H«S»0» 

The  brown  powder  appears  to  be  composed  of  7  at.  sulphur,  3  at  hydrogen  and  3  at 
nitrogen,  with  a  trace  of  chlorine. 

When  carbonic  anhydride  is  passed  through  a  hot  solution  of  sulphide  of  nitrogen 
in  protosulphide  of  chloiine,  a  small  quantity  of  chlorosulphide  of  nitrogen  sublimes 
after  a  while  in  yellow  crystals.  The  compound  thus  prepared  gives  a  blue  colour 
with  ammonia.  (Soubeiran,  Ann.  Ch.  Phys.  Ixvii.  87,  101.  See  also  Gmelin'9 
Handbook^  ii.  475.) 
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properties  of  nitiogen  in  the  free  stete  hare  been  alreadj  described.  They  are 
essentially  negatiye.  A  gas  which  does  not  bum  in  the  air  or  support  the  eombnstion  of 
a  taper,  which  has  neither  an  add  nor  an  alkaline  reaction,  does  not  render  lime-water 
turbid,  and  is  not  absorbed  by  eanstie  alkalis  or  by  acids,  may  be  pronounced  to  be 
nitrogen.  In  like  manner,  in  examining  a  gaseous  mixture,  after  aU  the  absorbable 
gases  have  been  remoyed  by  appropriate  reagents,  hydrogen  and  hydrocarbons  by  ex- 
plosion with  oxygen,  and  oxygen  itself  by  ex^osion  with  hydro^n,  tbe  residual  gas  can 
consist  of  nothing  but  nitrogen,  and  its  Yolume  ma^  be  determined  by  direct  measure- 
ments (See  AjTALTsn  (yoLUMBTUc)  OF  Gasbs,  i.  27^  280, 285 ;  also  Atmosfhbrb,  i.  635.) 

The  methods  of  detecting  and  estimating  nitrogen  in  liquid  and  solid  compounds  in 
which  it  is  associated  with  carbon  and  hydrogen,  yis.  in  organic  bodies,  have  been 
already  fully  described  in  the  article  Asaliso,  Oboaxio  (i.  225,  239).  The  method  of 
calcination  with  soda-Ume  may  also  be  aroUed  to  the  determination  of  nitrogen  in 
many  inoiganic  compounds,  e.y.  the  nitnae  of  boron  (i  635),  and  certain  metallic 
nitrides. 

Nitride  of  boron  may  also  be  analysed  by  mixing  it  with  a  known  weight  of  pure 
oxide  of  lead,  drenching  the  mixture  with  nitric  add,  eyaporating  it  to  dryness,  and 
calcining  it  in  a  platinum  crucible.  The  excess  of  weight  of  the  residue  oyer  the 
original  wdg^t  of  the  lead-oxide  giyes  the  quantity  of  boric  anhydride  produced  by 
the  oxidation  of  the  boron,  whence  the  amount  of  boron  in  the  compound  may  be  cal- 
culated, and  the  nitrogen  determined  by  difference. 

Nitride  of  phosphorus  may  be  analysed  in  a  similar  manner;  or  by  heating 
it  to  redness  in  a  stream  of  hydrogen,  whereby  the  nitrogen  is  conyerted  into  ammonia, 
which  may  be  condensed  in  nydiochloric  ado,  and  estimated  as  platinum-salt. 

Sulphide  of  nitrogen  is  analysed  by  oxidising  the  sulphur  with  nitric  add,  or 
with  hydrochloric  add  and  chlorate  of  potassium ;  or  b^  dissolring  the  compound  in 
dilute  potash,  and  oxidising  with  hypochlorite  of  ^tassium.  The  sulphuric  acid  thus 
formed  is  predpitated  by  a  barium-salt^  the  quantity  of  sulphur  thence  calculated,  and 
the  nitrogen  determined  by  difierence. 

The  compounds  of  nitrogen  with  chlorine,  bromine,  and  iodine,  may  be  analysed 
by  decomposing  them  with  hydrochloric,  Bulphydric  or  sulphurous  acid,  and  determining 
the  quantities  of  ammonia,  and  of  hydrodiloric  add,  &c,  thereby  produced  (see  iii. 
281,  andiy.64). 

The  nitrogen  in  metallic  nitrides  may,  in  most  cases,  be  accurately  determined 
by  igniting  Uie  compound,  reduced  to  yery  fine  powder,  with  oxide  of  copper  in  a  com- 
bustion-tube. The  metal  is  thereby  oxidised,  and  the  nitrogen  is  giyen  off  as  gas,  which 
may  be  collected  and  measured.  It  does  not  appear  that  any  oxides  of  nitrogen  are 
formed  during  the  combustion.  If  the  compound  also  contains  hydrogen,  that  element 
will  be  conyerted  into  water,  which  may  be  condensed  in  a  chloride  of  calcium  tube,  as 
in  organic  analysis.  In  some  cases  exact  results  may  be  obtained  by  igniting  the 
nitride  in  a  current  of  air  or  oxygen — ^whereby  the  metal  is  oxidised,  while  Uie  nitrogen 
escapes — weighing  the  resulting  oxide,  thence  determining  the  amount  of  metal,  and  the 
nitrogen  by  cSfferenoe. 

Another  method  of  deoompodng  metallic  nitrides  is  to  ignite  them  in  a  state  of 
extremely  fine  dlyision  in  a  stream  of  hydrogen  gae.  The  nitrogen  is  then  conyerted 
into  ammonia,  which  may  be  condensed  in  hydrochloric  acid,  Vhile  the  metal  remains 
in  the  free  state.  If  an  oxide  is  likewise  present,  water  will  be  formed ;  and  if  it  be 
condensed  by  chloride  of  caldum  or  hydrate  of  potasdum  and  wdghed,  its  weight  will 
giye  by  calculation  the  quantity  of  oxide  present  in  the  metallic  compound.  There  are 
a  few  metallic  nitrides  which  are  not  decomposed  by  hydrogen.;  such  is  the  case  with 
nitride  of  chromium. 

The  method  yery  frequently  adopted  for  analysing  metallic  nitrides  is  to  ftise  them 
in  the  state  of  fine  powder  with  hydrate  of  fotaaeium  or  edda4itne,  whereby  the 
nitrogen  is  conyerted  into  ammonia.  Some  mtrides,  howeyer,  are  not  completely 
decomposed  by  this  treatment,  and  nitride  of  chromium  resists  it  altogether,  whether 
the  decomposition  of  these  nitrides  would  be  assisted  by  addition  of  sugar,  as  in  the 
analysis  of  certain  organic  nitrogen-com^nnds  (i.  246),  is  a  point  which  does  not 
appear  to  haye  been  ascertained  by  experiment. 

The  quantity  of  metal  in  the  more  refractory  metallic  nitrides  may  be  determined  by 
ftising  the  compound  with  a  mixture  of  alkaline  carbonate  and  nitraUt  whereby  the 
nitrate  is  oxidised.  These  compounds  may  also  be  oxidised  by  digestion  in  a  Btrong 
solution  of  an  alkaline  hypochlorite^  the  nitrogen  being  at  the  same  time  giyen  off  as  ffas. 

Lesdy,  these  more  refractory  nitrides  may  be  analysed  by  fiuion  with  acid  sulphate 
of  potatsiwn.  This  method  has  been  applied  ly  Wonler  to  the  analysis  of  the  crystals 
of  nitrocyanide  of  titanium  found  in  iron  smelting  furnaces  (ii.  273).  The  crystals, 
reduced   to   fine   powder,  were  dissolyed   by  fusion  in  the  preyiously  melted   salt 
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oontained  in  a  small  retort ;  the  efolred  gasfli,  ooMiBting  of  mtzogen,  carbonic  anl^drido 
(from  the  cyanogeo)  and  snlphiuoaa  anhydride,  were  pnened  throng^  a  tube  containinff 
Inmpe  of  potash,  to  absorb  the  last  two  gases ;  and  the  nitrogen  was  eoUeeted  and 
measnred  (see  Rose's  CJdmie  Analytiqtie,  ii.  1081). 

It  is  often  of  importanee  to  detect  and  estimate  the  pKCsenoe  of  reey  small  quantities 
of  nitrogen  in  metals,  inasmuch  as  the  pecnltar  properties  of  certain  metds  prepared 
by  particalar  poeesses,  are  sometimes  attribnted  to  the  prosenee  of  these  minute 
quantities  of  nitrogen.  Thus  the  diffiarenoe  in  quality  of  Tarious  kinds  of  steel  has 
been  partly  attributed,  by  Frimy  and  others,  to  the  greater  or  smaller  quantities  of 
nitro^  oontained  in  them.  On  the  other  hand,  a  series  of  experiments  reoently 
made  by  Messrs.  Stuart  and  Baker  (Chem.  8oc.  J.  xrii.  890),  in  iriiieh  difGerent 
kinds  d  steel  in  a  state  of  yerr  minute  dirision  were  ignited  in  hydrogen  gas,  have 
shown  that  when  proper  precautions  were  taken  to  prevent  access  of  nitrogen  from  the 
air  or  other  extraneous  souroes,  the  quantity  of  ammonia  formed  is  almost  imperoep- 
tible ;  hence  they  consider  it  probable  that  the  small  quantities  of  nitrogen  Ibund  in 
steel  by  other  obserrers  may  haye  been  due  to  errors  of  experiment,  and  at  all  eyents 
that  the  existence  of  nitrogen  in  steel  cannot  be  regarded  as  proved.  Fr  ^my,  however, 
does  not  consider  t^e  method  of  i|;nition  in  hydrMren  as  well  adapted  for  the  precise 
determination  of  the  quantity  of  mtrogen  contained  in  steel,  but  is  of  opinion  that  the 
only  method  capable  of  yielding  trustworthy  results  is  the  direct  oxidation  of  the  steel 
by  combustion,  as  in  ozganic  analysis,  and  the  determination  of  the  nitrogen  by 
measurement.    (Pelouse  et  Fr6my,  2Wit^  8me.  Ed.  iii  412.) 

The  oxides  of  nitrogen  are  analysed  either  by  exploding  them  with  hydrogen 
(i.  286),  or  by  passing  them  over  red-hot  copper,  which  removes  the  o^^gen  and  leaves 
the  nitrogen.  When  carbon  and  hydrogen  are  likewise  present^  as  in  organic  com- 
pounds, die  substance  must  be  burnt  with  oxide  of  copper,  and  the  evolved  gases  passed 
over  red-hot  metallic  copper  (i.  242). 

The  methods  especially  adapted  for  the  analyiis  of  ultra  tea  and  nitrites  will  be 
described  frirther  on  (pp.  71,  84). 

Atomic  Weight  of  Nitrogen, — ^The  weights  of  equal  volumes  of  hydrogen  and 
nitrogen  at  the  same  pressure  and  temperature  are^  aoeordiiig  to  B^gnanlf  s  experiments, 
as  1 :  14*06 ;  hence,  on  the  assumption  that  equal  volumes  of  elementary  gases  contain 
equal  numbers  of  atoms,  the  atomic  weight  ot  nitrogen  should  be  14*06. 

Svanberg  (Berz.  Jahresb.  xxii.  89),  by  the  analysis  of  nitrate  of  lead,  obtained  for 
nitrogen  the  number  18*96 ;  Fenny  (FhiL  Trans,  oxxix.  13),  from  the  analysis  of 
nitrate  of  Sodium,  found  N  s  14*02. 

The  experiments  of  Pelouse  (Oompt  rend.  xx.  1047)  and  Harignao  (Ann.  Ch. 
Pharm.  lix.  289),  on  the  quantity  of  chloride  of  ammonium  required  to  precipitate  1  pt. 
of  silver  from  its  solution  in  nitric  add,  give — ^if  Ag  —  108,  aiMl  Gl  ■■  36*6— as  a  mean 
result^  N  -  13*99;  and  if  A«  -  107*98»  (A  -  86*46,  then  N  -  14*01.— Marignac  has 
ftuther  determined  the  weight  of  nitrate  of  silver  produced  by  treating  a  known  weight 
of  metallic  silver  with  nitric  add.  100  pts.  silver  gave^  as  a  mean  of  five  experiments, 
167*2  pts.  nitrate:  hence  (for  Aft  •-  108)  N  -  14.  Stas  (Ann.  Ch.  Pharm.  SuppL 
i. 62) by  the  same  method  found  N  -  14041.— Lastljr,  Marignac finds  that  100 pts. 
chloride  of  potassium  require  for  complete  decompodtion,  on  the  average,  227*9  pts. 
nitrate  of  silver  (max.  228*09 ;  min.  »  227'81),  whence  if  Ag  -  107*98,  CI  -  86*46 
and  E  -  3911,  we  find  K  -  14*03. 

These  several  results  differ  about  equally  in  excess  and  defect  from  the  whole  num* 
ber  14,  which  is  accordingly  reodved  as  the  true  atomic  weight  of  niteogen. 

■nxmoaBV,  lOBZDa  OV.    See  loDixmss  (iii.  280). 

wxvBooaary  oxibbs  jkm  oscroanr-^onM  or.    Nitrogen  forms  a 

very  complete  series  of  oxides,  as  represented  in  the  following  table : 

Protoxide  or  Nitrous  oxide NK) 

Dioxide  or  Nitric  oxide N*0*orNO 

Trioxide  or  Nitrous  anhydride N*0* 

Tetnudde  or  Nitric  peroxide N*0«orNO* 

Pentoxide  or  Nitric  anhydride N*0*. 

All  these  compounds  may  be  produced  directly  or  indirectly  from  nitric  add  and  re- 
converted into  it  The  three  higher  oxides  are  decomposed  by  water,  yielding  the 
corresponding  adds ;  thus : 

NK)*  +  HK)     -     2HN0« 

Nltroaiadd. 

VO*  +  H*0     -    HNO*  +  HNO" 

NimratacM.  NUrioacM. 

irO»  +  H»0     -     2HN0» 

Nitric  mU. 
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FBOTOzna  of  Nxtbooui  or  NnsoiTf  OzniB.    NK). 

This  oompoimd,  which  la  gueow  at  ordinaiT  temperatures^  was  diaeoTered  hy 
Priestley  in  1776,  aod  minutely  examined  bv  Dayy  in  1800,  who  flrat  noticed  the 
Uf^ty  stimulating  effects  produced  by  ita  inhalation,  whence  its  popular  name  of 

Formatum  and  Preparation, — 1.  "By  gently  heating  nitrate  of  ammonium  in  a  flask 
or  retort  to  a  tempenture  not  ezoeecung  260^.  The  salt  puts  on  the  appearance  of 
ebullition,  and  is  entire]^  resolred  into  water  and  nitrous  oodde : 

(NH*)NO»     -     N«0  +  2HK). 

The  eas  may  be  collected  oyer  brine^  warm  water,  or  mereuir.  If  the  temperature  of 
the  rased  ailt  is  allowed  to  rise  too  high,  a  more  complex  decomposition  ensues, 
attended  with  the  evolution  of  white  fames  of  nitrate  and  nitrite  of  aoimoniam,  and  of 
nitrogen,  nitric  oxide  and  ammoniacal  gases.  Moreover  this  decomposition  is  some-* 
times  attended  with  explosion.  If  the  gas  is  to  be  used  for  inhalation,  great  care  must 
be  taken  to  ensure  that  the  nitrate  of  ammonium  used  is  free  fcom  sal-ommoniae, 
otherwise  the  product  will  be  contaminated  with  chlorine. 

2.  When  granulated  zinc  is  acted  upon  by^  nitric  acid  diluted  with  eight  or  ten 
times  its  volume  of  water,  very  pure  nitrous  oxide  gas  is  slowly  evolved : 

lOHNO*  •*-  Zn*     «»     8ZnN0*  +  6HK)  -¥  NH). 

3.  Kitrous  oxide  may  also  be  obtained  bv  decomiNosing  nitric  add  or  a  nitrate  with 
a  solution  of  stannous  chloride  in  hydrochloric  acid ;  by  acting  upon  sal-ammoniac 
with  nitric  acid  of  specific  gravity  1*2  ;  by  slowlv  passing  nitric  oxide  eas  through  a 
solution  of  sul|diurous  acid  or  an  acid  sulphite ;  by  decomposing  nitrosu^hate  of  am- 
monium ;  and  by  many  other  reactions ;  but  when  requii^  in  quantity,  it  is  always 
prepared  from  nitrate  of  ammonium. 

I. — Nitrous  oKidfl  is  at  ordinary  temperatures  a  colourless,  feebly  refrangi- 


ble gas,  of  specific  gravity  1*496  (  ^  — ^ —  x  0*0693  j .  It  has  a  fiiint  agreeable 

odour  and  sweetish  taste.  When  respired  iat  four  or.five  minutes,  it  produces  a  lively 
intoxication,  often  attended  with  a  durposition  to  muscular  exertion  and  violent 
laughter.  Animalfl  immersed  in  it  become  restless  and  die  after  some  time.  It  is 
somewhat  soluble  in  watery  100  pts.  of  which  absorb  130  volumes  of  the  eas  at  0^, 
78  voL  at  15^,  and  61  voL  at  24^.  (See  Gasbs,  Absorption  of,  iL  796,)  It  also 
dissohres  in  ether  and  in  the  fixed  and  vdatUe  oile.  Neither  the  gas  nor  any  of  its 
solutions  has  any  action  upon  vegetable  colours. 

Nitrous  oxide  may  be  reduced  to  the  liquid  and  to  the  solid  state.  The  liquid  is 
obtained  bv  heating  j^rfecUy  dry  nitrate  of  ammonium  at  the  end  of  a  bent  glass  tubo 
hermetiodly  sealed,  till  the  whole  has  distilled  over  to  the  cold  end;  then  this  end 
is  heated,  and  so  on  two  or  three  times  till  the  greater  part  of  the  salt  is  decomposed. 
In  the  cooler  end,  two  strata  of  liquid  condense  the  lower  of  which  is  water  containing 
nitrous  add  and  nitrous  oxide  in  soluti<ai,  the  upper  liquid  nitrous  oxide.  The 
apparatus  is  ve^  liable  to  burst  with  extreme  vioLenee,  so  that  the  greatest  caution  is 
required  in  using  it  (Faraday).  The  liquid  compound  ma^  also  be  obtained  by 
mechanical  compiesdon  of  the  gas.     (Natter er,  Pogg.  Ann.  xii.  132.) 

Uquid  nitrous  oxide  is  colourless  and  very  mobile.  Its  specific  sravity  at  7^f  and 
under  a  pressure  of  60  atmospheres,  was  found  to  be  0*908.  It  bous  at  about  —  88<'. 
A  single  drop  of  it  placed  upon  the  hand  produces  a  wound  like  a  bum.  Metals  dij^ed 
into  it  make  a  hissing  noise,  like  that  produced  by  quenching  red-hot  iron  in  water. 
Potassium,  charcoal,  sulphur,  phosphorus,  and  iodine  float  on  its  sur&oe  without 
alteration.  Ignited  charcoal  bums  on  its  suzfiuse  with  a  vivid  light  It  is  misdble  with 
ether  and  alcohoL  Sulphuric  and  nitric  add  are  immediatelv  frozen  by  it  Water 
also  freezes,  but  at  the  same  time  causes  the  liquid  nitrous  oxide  to  evaporate  with  a 
degree  of  rapidity  almost  amountiog  to  explodon.  According  to  Faraday,  nitrous  oxide 
is  the  least  refractive  of  all  liquids.  » 

By  exposing  Uquid  nitrous  oxide  to  the  cold  produced  by  a  bath  of  solid  carbonic 
anhydride  and  ether  (  — 100°  0.  or  — 148°  F.),  the  compound  is  reduced  to  the  solid  statew 
Again,  when  liquid  nitrous  oxide  is  allowed  to  escape  into  the  air,  by  opening  the  sto^ 
ooek  of  the  vessel  in  which  it  has  been  condensed,  the  first  portion  which  escapes  is 
reduced  to  the  solid  state.  Solid  nitrous  oxide  is  a'  white  snowy  mass  which,  when 
placed  upon  the  hand,  melts,  evaporates  suddenly,  and  produces  a  blister  like  a  bum, 
jfOxed  in  vacuo  with  sulphide  of  carbon,  it  depresses  the  thermometer  to  — 140*^  C  or 
—240°  P.    (Natter  er.) 

.  J)eeompoeMme.^L  Nitrous  oxide  gas  is  resolved  into  its  elements  by  a  smes  of 
electric  sparks,  or  by  transmission  through  a  red-hot  tube,  2  voL  of  the  gas  yielding 
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1  ToL  OEzygen  and  2  toL  nitrogen.  A  coil  of  iron  rendered  incandeeoent  l^  the  eleetzie 
current  also  decomposee  it,  with  formation  of  ferric  oxide,  and  liberation  of  a  "volume  of 
nitrogen  equal  to  that  of  the  original  gas.  A  amilar  effect  ia  produced  by  the  electric 
arc  issuing  from  an  iron  point.  An  incandescent  platinum  couproduces  a  more  com- 
plex decomposition,  atteiuled  with  formation  of  red  yapours.  (B»uff  and  Hofmann, 
Chem.  Soc  J.  x.  279.) 

2.  Nitrous  oxide  forms  expkMdre  mixtures  with  many  inflammable  gases.  ^  When 
exploded  with  its  own  Tolume  of  hydroffen^  it  yields  water  and  a  yolnme  of  nitrogen 
equal  to  that  of  the  original  gas. 

NK)  +  H«    -    HK)  4-  N» 

9  vol.       S  TOL  t  TOl. 

8.  Nitrons  oxide  acts,  like  oxygen,  as  a  supporter  of  combustion,  but  is  distinguished 
fiom  that  gas  by  not  forming  red  yapours  when  mixed  with  nitric  oxide.  A  l)ridit- 
clowing  matdi  introduced  into  nitrous  oxide,  bursts  into  flame  and  bums  with^  a 
brilliancy  almost  equal  to  that  which  it  exhibits  in  oxygen.  Ignited  carbon  and  its 
compounds  inflame  yeiy  readily  in  nitzous  oxide  gas;  but  other  combustibles, 
pho^horui  and  tulphur  for  example,  require  to  be  yeiy  strongly  heated  in  order  to 
bum ;  the  combustion,  howeyer,  when  once  established,  ti&es  place  with  great 
brilliancy.  Sodium  heated  in  nitrous  oxide  takes  fire  and  leayes  a  yolume  of  niiiop;en 
equal  to  that  of  the  original  gas.  Iron^  nnc,  and  other  metals,  in  a  state  of  ignition, 
also  continue  to  bum  in  nitrous  oxide. 

DioxxDB  OF  NiTBOoaN  or  NiTBio  Oxms,  NO  or  N*0'. 

Synonymee.  Binoxide  of  Niirogen.  DetUoxide  of  Nitrogen,  NiirosvL  Agotyl, 
Nitrous  gas.  Nitrous  air,  Salpetergaa.  Gas  nitrosum, — This  gas,  which  was  first 
investigated  if  not  discoyered  b^  Priestley,  ma^  be  prepared: 

1.  By  actiuff  on  copper  clippings  or  borings  with  nitric  acid  of  specific  gravity  1*2, 
made  by  diluting  the  strong  acid  wiUi  about  twice  its  bulk  of  water.  Nitrate  of  copper 
IS  then  formed,  and  nitric  oxide  eyolyed : 

4HN0*  +  Cu«    -     80uN0«  +  2H«0  +  NO. 

The  reaction,  if  it  does  not  take  place  at  once,  may  be  set  up  by  the  application  of  a  gentle 
heat ;  but  the  lower  the  temperature  the  purer  is  the  resulting  gas.  When  strong  nitric 
acid  is  used,  or  the  temperature  rises  high,  the  nitric  add  is  contaminated  with  free 
nitrogen.  Other  metals,  lead,  mercuzy,  silver,  and  bismuth,  for  example,  may  be  sub- 
Btitu^  for  copper  in  the  above  reaction,  but  with  them  a  strong  add  or  a  higher 
temperature  is  required. 

2.  By  decomposing  nitrate  of  potassium  or  sodium  with  a  solution  of  ferrous 
diloride  in  hydiochlorie  acid,  or  of  ferrous  sulphate  in  dilute  sulphuric  add : 

«Fe«SO*  +  6H«S0«  +  2KN0"     ^    8Fe\S0*)»  +   2HKS0*  +  4H«0  +  2N0. 

This  pipoess  yields  the  gas  abundantly  and  in  a  pure  state. 

3.  Nitric  oxide,  more  or  less  pure,  is  produced  by  many  other  reductions  of  nitrous 
or  nitric  add ;  also  by  the  oxidation  of  ammonia,  as  when  that  gas  is  passed  over  heated 
otaide  of  manganese. 

Properties  and  Reactions, — ^Nitric  oxide  is  a  colourless  unoondensable  gas  of  spedflc 

gravity  1*0396  T*  "t — z.  x  0*0698].     It  is  yeiy  sparingly  soluble  in  water. 

According  to  Henry,  1  vol.  water  at  mean  temperature  absorbs  ^  of  its  yolume  of  the 
gas.    According  to  Bunsen,  100  yoL  tdoohol  at  16°  absorb  27*4  voL  of  the  gas. 

Nitric  oxide  combines  directly  with  free  oxygen,  producing  deep  oranee-coloured 
fumes  of  variable  composition,  but  consistiiig  in  great  part  of  nitric  peroxide.  These 
red  yapours  dissolve  in  water,  forming  an  add  solution,  but  nitric  oxide  itself  is 
perfectly  neutral  to  vesetable  colours.  From  the  characteristic  nature  of  this  reaction, 
nitric  oxide  may  be  advantageously  employed  to  detect  the  presence  of  free  oxygen  in 
a  gaseous  mixture.  It  is  neoessaiy  to  observe,  however,  that  chlorine,  in  prespnee  of 
water,  produces  the  same  efl^ect  with  nitric  oxide,  inasmuch  as  it  decomposes  the 
water  and  sets  oxygen  free.  This  reaction  was  in  fut  one  of  those  which  were 
formeriy  adduced  in  favour  of  the  theozy  which  regarded  chlorine  as  a  compound  gas 
containing  oxygen.  Nitric  oxide  was  formerly  used,  especially  by  Priestley  and 
Cavendish,  to  estimate  the  proportion  of  oxygen  in  the  air  or  other  gaseous  mixture,  but 
the  method  is  not  capable  of  yielding  exact  results,  on  account  of  the  difficulty  of 
obtaining  nitric  oxide  perfectly  pure,  and  it  has  long  since  been  superseded  by  more 
trustworaiy  methods.  In  consequence  of  the  rapid  conversion  of  nitne  oxide' into  add 
products  when  it  comes  in  contact  with  the  air,  its  actual  taste,  smell,  and  respirability 
oaye  not  been  ascertained. 
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Kitrie  oxide  is  absorbed  freely  by  niiric  add,  with  probable  conyenion  into  nitrio 
peroxide,  and  formation  of  a  deep  brown,  green,  or  blue  liquid,  according  to  the  con* 
oentration  of  the  add.  It  is  l^ewise  absorbed  hjferroua  salts,  producing  a  deep 
brown,  almost  black  coloration.  The  brown  Hqnid  thus  formed  contains  2  atoms  of 
iron  (at.  w,  —  56)  to  each  molecule  of  nitric  oxide,  the  formula  of  the  compound  being 
2Ffe'^0*.N0.  It  gives  up  nearly  the  whole  of  the  absorbed  gas  when  heated,  but 
becomes  rapidly  oxidised  on  exposure  to  the  air.  This  compound  is  also  formed  when 
nitric  or  nitrous  add  is  added  to  the  solution  of  a  fenous  sait^  and  affords  one  of  the 
most  delicate  tests  for  those  adds  (pp.  7l»  82).  Kitrie  oxide  foxms  precisely  similar 
compounds  with  chroTttous  salts;  it  is  likewise  absorbed  by  stannous  and  merourotis 
salts,  and  forms  crystalline  compounds  with  stannic  chloride,  and  with  stdphuric 
acid  or  anhydride. 

Decompositions. — 1.  Nitric  oxide  is  a  yer^  stable  compound,  and  if  perfectly  dry,  is 
not  decomposed  by  a  red  heat,  or  by  ordmaiy  electric  sparks.  Bun  and  itofmann 
found,  however,  that  it  was  slowly  decomposed  by  the  spark  current  of  the  induction 
coil.  Moist  nitric  oxide  is  more  easily  decomposed  by  a  succession  of  electric  sparks 
into  nitrtM^  and  nitric  add. — 2.  By  moist  iron  jdings,  tine  fiUnqs,  soluble  sulpnides, 
acid  suipkites,  stannous  chloride,  and  other  reducing  agents,  it  is  slowly  converted  into 
nitrous  oxide,  frequently  accompanied  by  ammonia. — 3.  Nitric  oxide  is  completely  con* 
verted  into  ammonia  when  mixed  with  excess  of  suM^dric  acid,  and  transmitted  over 
quicklime. — 4.  A  mixture,  of  moist  iron  filings  and  sulphur  also  reduces  nitric  oxide 
vexy  completely,  but  chiefly  to  free  nitrogen.  ~5.  Ordinary  combustibles'  do  not  bum 
in  nitric  oxide,  hot  phosphorus  and  carbon,  when  introduced  in  ftiU  combustion,  bum  in 
the  gas  with  great  brilliancy. — 6.  With  an  equal  yobamto^hjfdrogen,  it  forms  a  mixture 
whidi  does  not  explode  on  the  approach  of  a  burning  body,  but  bums  quietly  with  a 
greenish  flame. — 7.  Four  volumes  of  nitric  oxide  passed  over  red-hot  charcoal  are  con- 
verted into  2  voL  nitrogen  and  2  voL  carbonic  anhydride :  NH>'  +  0  »  N*  +  CO'. — 
8.  Suipkur  does  not  bum  in  nitric  oxide,  but  a  mixture  of  the  vapour  of  sulphide  of 
carbon  and  nitric  oxide  gas  inflames  readily,  producing  a  bright  greenish  flash  of 
lipht. — 9.  Bed-hot  iron  decomposes  nitric  oxide^  with  liberation  of  half  its  volume  of 
nitrogen.  With  a  coil  of  iron  wiro  rendered  incandescent  by  the  electric  current,  the 
decomposition  is  easily  and  completely  effected  (Buff  and  Hofmann).  Potassiwm 
and  slodiwn  effbot  sunilar  decompositions  when  heated  suffidently  to  bum  in  the 


Nitric  oxide  enters  into  several  compounds  as  a  monatomio  radicle  (nitrosyl),  replac- 
ing hydrogen  atom  for  atom,  as  in  tue  nitrites,  the  general  formula  of  which  is 

M  \^'  ^^  ^"^  '^'  ^^  ™^  ^E^*^  *  cUorous  rather  than  a  baqrlous  obaracter, 
seveitiieless  it  is  sometimes  capable  of  repladng  basvlous  hydrogen,  as  in  chloride  of 
nitiosyl,  NOCl,  and  sulphate  of  nitrosyl,  H(NO)SO\  In  nitrous  e&er,  G*H*(N0)O,  the 
nitrosyl  m^  also  be  regarded  as  occupying  the  place  of  the  baaybus  hydrogen-atom  of 
alcohol,  CH*.H.O.  According  to  Weltsien,  nitric  oxide  is  sometimes  diequivalent  or 
capable  of  displadnff  two  atoms  of  hydrogen,  a  view  which  ia  in  accordance  with  the 
fact  that  it  forms  a  £chloride,  NOCl',  as  well  as  a  protochloride.    (See  Nitsostl,) 

NiTBoxjs  AxwrnsaauB,  Acn>,  akd  Salts. 

Vttroiui  aii]i7dild«  or  THAsMe  of  nltroffmi  —  NK)*.— Wttroos  Msid  — 

IPO.N'O*  or  HNO'.  Nitrous  anhydride  ia  formed,  together  with  nitric  peroxida^  when 
nitric  oxide  comes  in  contact  with  oxygen  in  atmospheric  air.  It  may  be  obtained  pure 
by  mixing  2  vol.  nitric  oxide  with  1  voL  of  oxygen  in  a  vessel  suiroimded  by  a  freezing 
mixture  capable  of  producing  an  intense  degree  of  cold.  A  blue  lii^uid  is  then  formed 
•which  emits  red  fumes,  and  is  decomposed  by  water,  yielding  nitric  acid  and  nitrio  oxide : 

8N«0«  +  2HH)    -     2HN0»  +  4N0    f  HH). 

The  ssme  liquid  is  mero  easily  obtained  by  heating  1  pt.  of  starch  with  8  pts.  of  nitrio 
add  of  specific  gravity  1*26,  and  pasdn^  the  er^ved  gases,  first  through  a  drying 
tube  two  feet  long  containing  fused  cUonde  of  caldum,  and  then  into  an  empty  tube 
cooled  to  -  20^  F>  ( — 98*6^  0.)  by  immersion  in  a  mixture  of  pounded  ice  and  crystal- 
lised chloride  of  caldum. 

Nitrous  anhydride  (or  periiaps  the  add)  ma^  alao  be  prepared  by  adding  a  small 
quantity  of  ice-cold  water  to  liquid  nitric  peroxide  surrounded  by  a  freezing  mixture. 
After  tne  reaction  of  the  two  has  taken  place,  distillation  may  be  effected  at  a  low 
temperature,  and  the  product  condensed  in  a  U-tube  immersed  in  salt  and  ice. 

At  €P  and  at  lower  temperatures,  nitrous  anhydride  combines  readily  with  water, 
forming  a  blue  solution ;  but  at  higher  temperatures  the  mixture  is  decomposed,  nitrio 
oxide  being  given  off,  and  nitric  add  remaining  in  solution.    The  same  decomposition 
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takef  place  when  nitrous  aeid  is  set  flrae  by  the  aetion  of  ralplmrio  acid  on  a  nitrite. 
Ice-coM  acidified  solntionfl  of  nitrites  however,  that  of  potassium-nitrite  with  snlphnrio 
acid,  for  instance,  seem  to  contain  ondeoomposed  nitjx>n8  add.  Nitrons  aad  (or 
perhaps  only  the  moist  anhydride)  is  likewise  obtained  by  the  action  of  nitric  acid  at  a 
gentle  heat  on  anenious  anhydride : 

AsW  +  8H*0  +  2HN0»  -  2B*AaO*  +  2HN0*  (or  HK).N«0«). 

Beep-brown  Tsponrs  are  then  given  off,  which  when  passed  over  chloride  of  calcium, 
give  up  their  water  and  leave  nitrons  anhydride.  Similar  vaponrs  are  given  off  when 
starch  is  treated  with  a  large  excess  of  nitric  add,  of  spedflc  gravity  1*25  ;  bat  the 
process  is  attended  with  considerable  frothing,  and  occasionally,  when  a  stronger  add 
IS  used,  with  explosion. 

Kitroos  add  acts  very  readilv  both  as  an  oxidising  and  as  a  redndng  agent  Thns 
it  reduces  permanganic  and  cnromic  adds  to  the  state  of  manganous  and  chromic 
salts,  and  mercurons  and  auric  salts  even  to  the  metallic  state.  On  the  other  hand,  it 
bleaches  indigo  hj  oxidation,  liberates  iodine  from  iodide  of  potassium,  and  converts 
ferrous  into  ferric  salts,  with  production  of  nitric  oxide. 

Nitrous  add  decomposes  urea,  with  evolution  of  carbonic  anhydride  and  nitrogen 
SAses  * 

CH«NH)  +  2HN0«  -  C0«  +  N*  +  2H«0. 

When  nitrons  add  or  the  anhydride  acts  upon  a  hydrate^  either  add,  neutral  or  baay- 
lou8,it  frequently  gives  rise  to  the  formation  of  nitroso-compounds,in  which  an  atom 
of  hydrogen  is  mi^lacedby  an  atom  of  nitrosyl,  NO:  thus  with  alcohol,  C*n*.H.O,  it 
forms  nitrons  ether,  C'H^NO.O.  Its  reactions  with  amides  and  amines  aro  particularly 
remarkable,  and  d^er  according  as  the  amide  or  amine  is  present  in  aqueous  or  in 
alcoholic  solution : 

a.  An  aqueous  solution  of  an  amine  or  amide  treated  with  nitrous  acid  or  anhydride^ 
yields  the  coizesponding  add  or  alcohol,  with  evolution  of  nitrogen:  thus 

CTH'O.H'.N  +  HNO«  -  CrH»O.H.O  +  H*0  +  N« 
Bwsanilde.  Ben  otc  add. 

C«H».BP.N  +  HNO«  -    Cra».H.O    +  HK)  +  N«. 

Pbenjlamine.  Phenylic  alcohol. 

With  larger  proportion  of  nitroos  acid,  amines  yield  the  eonesponding  nitrons  ethers : 
thus 

C«H».H«.N  +  2HN0«  -  C«H*NO»  +  2HK)  +  N». 

Ethylamfaia.  Nitrite  of  ethyl. 

5,  When  nitrous  add  or  anhydride  is  passed  into  an  alcoholic  solution  of  an  amine 
or  amide,  a  different  or  intermediate  reaction  takes  place,  attended  witb  the  formation 
of  compounds  in  which  1  at.  nitrogen  displaces  8  at  hydrogen.  Thus  the  double 
moleenb  of  phenylamine  reacts  with  nitrons  add  or  anhydride  according  to  the  following 
equation : 

C"H»*N»  +    HNO*  -  C"H"N»  +  2H»0. 

In  like  manner,  a  double  molecule  of  oxybenzamic  add,  CH^O*,  treated  with 
nitrous  add,  yields  an  add  having  Idlie  composition  C'^H^'N'O*: 

C"H»*NW  +  BNO»  «  C»*ff'NH)*  +  2H*0; 

and  sifflilariy  for  other  cases.  (See  FBBirn.AiaxB8)  Oxr-AmsAiac,  Oxt-bsmzaioc, 
OxT-cuwarAxm  and  OxTToruTLAiac  Aod>s.) 

Trioxide  of  nitrogen  unites  with  the  tetrachlorides  of  tin  and  titanium,  forming  solid 
oompounds  iriuch  aro  obtained  by  passing  the  vapour  of  nitric  peroxide  into  those 
chlorides.  The  stannic  compound  has  the  compodtion  SnCl^JETK)*.  (B.  Weber,  Poosel 
Ann.  cxriiL  471 ;  Jahresb.  1868,  p.  165.) 

HttrttM.  The  n(mnal  nitrites  have  the  composition  M'NO>a-'^7o  or  WNK>* 
SB  /vQ\s[  0^  according  as  the  metal  contained  in  them  is  mono-  or  di-atomic    Thero 


aro 


also  nitrites  containing  M«NO«  =  ^ 1 0»  or  ft»N«0«  -/^\«|o*,  in  which  the 

three  atoms  of  metsl  denoted  by  the  symbol  M  majr  consist  of  the  same  or  of  different 
metals,  induding  hydrogen :  thus  thero  aro  bade  nitrites  of  lead  containing  Pp'VNK)' 
and  I^b^BNO*.  Thero  aro  also  a  few  nitrites  containinff  a  still  larger  proportion 
of  bsae,  which  may  be  regarded  as  oompounds  of  tri-metafiio  nitrites  with  oxides  or 
hydrates. 
Nitrites  aro  produced :  I,  Bjf  ihe  nducHon  of  nUraiee.^'Whiuk  nitrate  of  potassium 
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or  sodium  is  strong^f  heated,  osygen  is  ^yob  ofi^  and  a  mixture  of  nitrate^  nitrite,  and 
free  alkali  ia  left ;  aunilariy  witii  the  nitrates  of  barium,  strontinm  and  others.  On 
dissolving  the  ftised  mass  Uius  obtained  in  water,  and  addii^  nitrate  of  BtlTer,  a  pre- 
cipitate (?  the  sporinfflj  soluble  nitrite  of  silver  is  obtained,  ifhieh  maj  be  pnrified  bj 
aolntion  in  water  and  oystallisation ;  and  from  this  salt  the  other  nitrites  may  be 
formed  bj  double  decomposition  with  the  chlorides  of  the  several  metals.  Nitrate  of 
of  lead  M>iLed  with  mrtamc  lead,  yields  a  basic  nitrite  of  lead,  thus: 

2.  By  deoonyMiHon  ofnitrie  peroxide  in  pnnnc$  of  an  alkoHne  base  : 

IPO*  +  HK)  -  HNO«  ^   HNO«. 

When  the  red  vapours,  chiefly  consisting^  of  pemitrie  oxide,  evolved  by  distilling 
fuming  nitric  acid,  are  passed  into  a  solution  A  caustic  potash  or  soda,  a  mixtore  of 
nitrate  and  nitrite  is  obtained,  from  which  the  nitrous  acid  may  be  precipitated  in  the 
form  of  a  silver-salt^  as  above.  The  same  reaction  takes  place  when  the  vapoors 
evolved  on  heating  starch  or  arsenious  acid  with  dilute  nitric  add  are  passed  into  solu- 
tion of  caustic  alluJi ;  in  this  case,  however,  the  vapours  contain  a  considerable  quantity 
of  nitrous  acid  or  anhydride,  so  that  a  larger  proportion  of  nitrite  is  obtained. 

3.  By  oxidation  of  the  lower  oxides  of  nUreien  in  presence  of  basee, — Nitrite  of 
potassium  is  formed  when  oxygen  gas  ii  gradually  added  to  nitric  oxide  standing  over 
caustic  potash  solution,  or  when  a  mixture  of  1  vol.  ozvgen  and  4  vol  nitric  oxide  is 
passed  throned  the  same  liquid.  Nitrites  are  also  produced  by  passing  nitric  oxide 
over  metallic  peroxides. 

4.  By  oxidation  of  Ammonia. — Platinum-black  quicklv  converts  a  mixture  of 
ammonia  and  atmospherie  air  into  nitrite  of  ammonium.  A  coil  of  heated  platinom- 
wire  introduced  into  a  flask  of  air  to  which  a  few  drops  of  strong  ammonia  have  been 
added,  also  produces  an  instantaneous  doud  of  nitrite  of  ammonium.  Again,  when 
finely  divided  ooOT>er  is  shaken  up  with  moist  ammoniacal  air,  both  the  copper  and  the 
ammonia  are  rapidly  oxidised  and  nitrite  of  copper  is  formed.  Nitrites  are  frequently 
found  in  the  well-water  of  towns,  the  nitrous  acid  being  probably  formed  in  this  case 
also  by  oxidation  of  ammonia. 

Beaetions  of  NUrites, — ^Nitrites  are  colourless  or  sliehtly  yellow,  and  ibr  the  most 
part  crystallisable.  The  solutions  of  the  potassium-  and  sodium-salts  have  an  alkaline 
reaction  (H.  Bose\  Nitrites  melt  when  moderately  heated  and  solidify  unchanged 
on  cooling;  but  wnen  strongly  heated  they  are  decomposed,  giving  off  nitrogen  and 
oxygen  gases.  They  detonate  sharply  when  heated  with  combustible  bodies.  The 
normal  nitrites  (HNO*)  are  all  soluble  in  water,  the  lead-  and  silver-salts  however  are 
sparingly  soluble,  so  that  the  solutions  of  the  more  soluble  nitrites  giro  predpitates 
with  lead-  and  sihrer-salts.  Heated  solutions  of  nitrites  exposed  to  the  air,  absorb 
oxygen  and  are  converted  into  nitrates.  When  boiled  for  a  long  time  in  a  flask  or 
retort,  they  are  decomposed,  yielding  a  nitrate,  nitric  oxide  and  fi^  alkali :  e.g., 

8KN0*  +  H*0     -    KNO*  +  2KH0  +  2N0. 

Nitrites  act  readily  both  as  reducing  and  as  oxidising  agents.  Addnlated  solu- 
tions of  nitrites  decolorise  permanganate  of  potassium,  and  sradually  change  the 
colour  of  acid  ehromate  <^  potassium  to  a  greenish-blue;  they  also  reduce  tri- 
cUoride  of  gold  and  mereuraus  salts,  giving  with  the  former  a  brown  predpitate  of 
metallic  goM,  and  with  the  latter  a  grey  predpitate  of  metallic  mercoiy.  These 
reducing  actions  4^iiringni«li  nitrites  from  nitrates. 

In  their  oxidising  action,  nitrites  resemble  nitrates,  excepting  that  they  act  more 
readily,  and  in  many  cases  without  the  presence  of  a  free  add  Thus  they  give  a 
dark-brown  colour  with  ferrotts  salts  without  the  addition  of  add,  whereas  nitrates 
exhibit  this  ^ect  only  when  the  nitric  add  is  set  free  by  addition  of  sulphuric  add. 
Addulated  solutions  of  nitrites  produce  at  once  a  purple  colour  with  starcn  and  iodids 
ofpotassiwrn,  whereas  pure  nitrates  do  not  exhibit  this  effect  until  the  nitric  add  is  set 
free  and  partially  reduced  to  nitrous  add  (p.  86).  Nitrites  in  solution  sre  farther 
distingaished  from  nitrates  by  their  behaviour  with  certain  metallic  salts,  giving  white 
predpitates  with  lead-  aaxdisilver-salts,  and  a  yellow  predpitate,  which  forms  slow^,  with 
eobalt-salts  (i  1046).  With  aqueous  sulpkats  of  copper,  they  produce  nitrite  of  copper 
vriuch  forms  a  Tery  eharaeteristie  ap|de-green  solution. 

EstimaUon  of  Nitrous  acid. — ^Nitrous  add  is  most  correctly  determined  by  oxidation 
with  peroxide  of  lead,  whereby  nitrate  and  hydrate  of  lead  are  produced,  according  to 
the  equation: 

2Pl»bO«  +  2HN0*    -    Pl>bN*0*  +  PpbHK)'. 
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A.  known  quantity  of  the  dried  peroxide  is  added  to  a  dilate  solution  (1  grm.  salt  in 
100  c  c.  water)  of  the  nitrite  to  be  analysed,  and  the  solution  mixed  with  acetic  acid 
dilated  with  10  or  12  times  its  bulk  of  water  is  wanned  for  12  hours  to  30°  or  40°. 
The  weight  of  the  washed  and  dried  residue  giyes  the  quantity  of  peroxide  dissolved, 
whence  the  quantity  of  nitrous  acid  may  be  calculated,  1  at.  peroxide  corresponding  to 
1  at  nitrous  acid.    (F61igot.    Lang,  Jahresb.  1862,  p.  681.) 

Nitrous  acid  may  be  determined  yolumetrically  by  means  of  a  standard  solution  of 
nitrate  of  urea,  each  molecule  of  that  salt,  CH^N'O.HNO',  decomposing  2  molecules  of 
nitrous  add,  according  to  the  equation  siyen  on  page  70.  The  solution  of  nitrate  of 
urea  is  heated  nearly  to  boiline,  and  uie  liquid  oontainins  the  nitrous  acid  or  the 
acidulated  solution  of  a  nitrite  is  added  drop  by  droj^  till  the  solation  produces  a  blae 
colour  with  starch-paste  mixed  with  iodide  of  potassium. 

Nitrites  may  also  be  analysed  by  several  of  the  methods  to  be  hereafter  described 
for  the  analysis  of  nitrates,  via.  by  igniting  the  salt  with  oxide  of  copper  or  chromate 
of  lead  in  a  tube  the  fore  part  of  which  is  filled  with  metallic  copper,  or  by  the  volu- 
metric method  with  ferrous  chloride,  the  decomposition  taking  place  as  represented  by 
the  equation : 

Ffea«  +  HNO»  +  HCl     =     Ffea«  +  NO  +  HK). 

Or  the  arid  may  be  determined  by  loss,  either  by  simple  ignition  of  the  salt,  or  by 
decomposing  it  with  sulphuric  acicl^  sal-ammoniac,  borax,  or  silica^  &c. 

The  amount  of  water  in  nitrites  is  best  determined  by  combustion  with  chromate  of 
lead  or  oxide  of  copper,  and  absorption  of  the  water  by  chloride  of  calcium. 

Metallic  Nitrites, 

KiTBiTB  OF  AicxoNiuic  (NH*)NO*.HH). — Obtained  by  double  decomposition 
of  nitrite  of  lead  and  sulphate  of  ammonium,  or  of  nitrite  of  silver  with  chloride  of 
ammonium ;  also  by  passing  nitrous  yapours  into  aqueous  ammonia  and  evaporating 
over  lime.  It  forms  an  imperfectly  crystallised  mass  which  is  resolved  by  heat  into 
nitrogen  and  water.  Its  aqueous  solution  is  similarly  decomposed,  suddenly  if  acid, 
slowly  if  alkaline. 

NiTBiTS  orBABiTTV.  Bba^K'O^H'O. — Obtained  by  ig^nitinffnitnUe  of  barium  at 
a  moderate  heat,  precipitating  the  free  baryta  from  the  smution  of  the  residue  by  car- 
bonic acid,  mixing  the  filtrate  with  alcohol  to  precijpitate  the  remaining  nitrate,  and 
evaporating  to  the  ciystallising  point  (Fischer).  Or  by  passing  nitrous  vapoura  into 
baryta- water,  evaporating  tod^ness,  digesting  the  residue  in  a  small  quantity  of  water, 
which  will  dissolve  the  nitrite  of  barium  and  leaye  the  undecompoeed  nitrate,  and 
evaporating.  It  is  permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol,  and 
crystallises  according  to  Fischer,  either  in  needle-shaped  hexagonal  prisms,  or  in  thick 
rhombic  prisms  of  71f  ^' 

NiTBiTH  OF  Cadxiux,  Ccd''NK)\HH),  is  a  sparingly  soluble  laminar  mass  which 
decomposes  at  100^  ^Lang,  J*  Pi^*  Chem.  Ixxxvi.  296;  Jahresb.  1862,  p.  99). — 
According  to  Hampe  (Ann.  Ch.  Pnarm.  cxxv.  384 ;  Jahresb.  1868,  p.  160),  the  solu- 
tion evaporated  in  a  vacuum  leaves  a  viscid,  deliquescent  mass  which  wnen  treated 
with  water  yields  the  basic  salt  2Ccd"0.NK)'  or  OArO.CcdTSH)*. 

NiTBiTB  OF  Calciuk.  Cca'77'O^HK).->Prepared  by  decomposing  a  boiling  sola- 
tion of  the  silver-salt  with  lime-water,  treating  the  filtrate  with  sulphydnc  add,  and  then 
with  carbonic  acid  to  remoye  excess  of  silver  and  calcium,  and  evaporating  at  a  gentle 
heat.    It  forms  deliquescent  prismatic  oystals  insoluble  in  absolnte  alcohol. 

KxTBiTB  OF  CoBAXT. — ^Black-browu  or  red-brown  ciystals  which  dissolve  in 
water,  and  yield  a  brown  precipitate  with  potash ;  hence  they  contain  cobaltic  oxide 
(Lang).  The  solation  is  decomposed  by  evaporation,  with  separation  of  a  basic 
salt    (Hampe.) 

NiTBiTB  OF  Cobalt  and  Potassiuic  dco«K«N»^"  -  Cco*0».3K«0.6N«0"  - 

rNOV«[^"'     Cobalt^ellow. — ^The  yellow  precipitate  formed  on  adding   nitrite  of 

potassium  to  an  add  solution  of  a  cobalt-salt.  It  is  of  a  yeiy  fine  colour  and  is  used 
as  a  pigment.  Its  formation  serves  also  as  a  means  of  separating  cobalt  from  nickel 
and  many  other  metals.  For  the  details  of  its  preparation,  and  the  seyeral  views  of 
its  composition,  see  Oobalt-tbllow  (i.  1068). 

NiTBiTB  OF  OoppBR. — Obtained  ss  an  apple-green  solution  by  decomposing 
nitrite  of  lead  with  sulphate  of  copper.    It  oxidises  in  the  air  especially  if  heatM,  ana 
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is  coDTOited  into  nitrate.  According  to  Hampe,  the  eolation  jielda  by  eyapontion 
blue  shining  laminse  containing  2Cca''0.K*0*. 

NitritbsofLbad.  a.  Monoptumbic  or  Normal.  "PphlPO*  —  PpV'O.N'O*. — 
Obtained  bj  passing  carbonic  add  gas  through  a  hot  solution  of  the  tetraplnmbic  salt, 
till  three-fourths  of  the  lead  is  precipitated  as  carbonate.  The  resulting  yellow  solu- 
tion evaporated  in  the  air  or  in  a  vacuum,  deposits  the  normal  salt  in  long  yellow  prisms 
(P^ligot),  or  yellow  laminse  (Ghevreul),  containing  1  at.  water  according  to 
Nicklis  (Compt.  rend,  zzvii.  244),  2  at.  according  to  Qomds  {4Hd.  xzziv.  187).  It 
is  easily  decomposiUe  and  very  soluble  in  water.  ^ 

/3.  IHplumbic  OT  JNumbo-^drie Nitrite.  2Ppb''0.N«0».H»0  -  PpbHNO»— Formed 
in  small  quantity  according  to  Bromeis  (Ann.  Ch.  Pharm.  Ixxii.  60),  when  the  yellow 
diplumbic  nitroso-nitrate  (vid.  it^.)  is  boiled  for  some  time  with  metallic  lead.  It  is 
then  deposited  in  long  golden-yellow  needles. 

y.  TVi]9lumbie.  3Pnb"0.N*0«  -  Ppb^lTO*.- Deposited  when  the  orange-red 
nitroflo-nitrate  is  boiled  for  some  homrs  with  lead,  in  needle-shaped  czystals,  mostly 
united  in  ooncentzic  groups  having  sometimes  a  fieiy-red,  sometimes  a  green  colour, 
but  always  the  same  composition  (Bromeis^  ^.  cit.).  P^igot  doubts  the  existence  of 
this  salt. 

TetraplumUc.  4Ppb''0.NK)«.H«0  (Berzelius)  «  Ppb'T[NO».Ppb'*0.— Obtained, 
by  boiling  a  mixture  of  1  pt.  nitrate  of  lead  and  1^  pt.  or  more  lead  with  60  pts. 
water  in  a  long-necked  flask  for  about  12  hours.  It  orstallises  according  to  Chevreul 
in  stellate  groups  of  pale  flesh-red  silky  needles ;  the  solution,  if  quickly  cooled,  deposits 
it  in  the  form  of  a  white  tx>wder.  It  gives  off  its  water  at  lOOP  (Peligot),  together 
witli  a  small  portion  of  acid  (Ghevreul) ;  at  a  red  heat  it  gives  off  the  whole  of  its 
acid  without  fusion  ^BerzeliusX  Has  a  strong  alkaline  reaction,  and  dissolves, 
according  to  Peligot,  in  34*6  pts.  boQing  and  1260  pts.  cold  water. 

Nitroso^nitratet  of  Lead. — ^By  heating  nitrate  of  lead  with  metallic  lead  in 
certain  proportions,  salts  are  obtained  which  are  sometimes  regarded  as  compounds  of 
lead-ozide  with  nitric  peroxide ;  but  they  are  more  probably  double  salts  composed  of 
nitratos  and  nitrates  of  lead. 

a.  2Ppb''0.N«0*.H«0  or  PrblHNO'.Ppb'^NO*.— A  solution  of  normal  nitrate  of 
lead  in  16  to  20  pts.  water  heated  to  60^— 70<'  for  several  hours  with  63  pts.  very 
finely  divided  leao,  depoeite  this  salt  on  cooling  in  straw-vellow  shining  needles  and 
lamins  having  an  alkaline  reaction,  solable  in  86  pts.  of  cold  and  10*6  pts.  of  boiling 
water  (Bromeis).  By  prolonged  boiling  with  metaUic  lead,  it  is  converted  into 
diplumbic  nitrate.    (P(&ligot|  Bromeis.) 

6.  7Ppb''0.2NO*.3H«0  or  Ppb"N«0«.Pp*b«N«0».PpT)H»0«.2H«0.— Obtained  by  boil- 
ing the  preceding  salt  with  lead,  or  a  dilute  solution  of  neutral  nitrate  of  lead  with 
1^  at.  metaUic  iron.  Forms  hard,  orange-red  crystals  soluble  in  1260  pte.  of  cold  and 
84  pts.  of  boiling  water.  ^  When  boiled  for  some  hours  with  lead,  it  is  converted  into 
triplumbic  nitrite  ^7^  ^Peligot,  Bromeis).  Both  these  salte  (a,  6)  are  decomposed 
by  baiyta-water,  yielding  nitrate  and  nitrite  of  barium.    (Peligot) 

e,  Bromeis,  in  endeavouring  to  prepare  this  salt^  once  obtained  an  orange-red  but  more 
flfaining  salt,  containing,  acccxrding  to  his  analysis,  3PpbO.N-0'  +  4PpbO.N-'0«  +  8H'0. 

d.  The  same  chemist,  by  boili]^  a  solution  of  nitrate  of  lead  for  several  days  with  a 
large  excess  of  metallic  lead,  obtained  light  brick-red  rhombic  crystals,  to  which  he 
ass^ed  the  formula  4PpbOJ^K)«  +  SPpbO.NK)*  +  3H*0.  For  farther  details  on 
the  nitrites  and  nitroso-nitrates  of  lead,  see  Gmelin*s  Handbook,  v.  162. 

NiTBiTB  OF  Maokbsium.  Mmg^*0^3HH)  (Lang);  with  2H*0(Hampe). 
— ^Laminar  deliquescent  mass,  insoluble  in  alcohol,  easily  decomposed  by  heat;  obtained 
by  boiling  a  solution  of  tiie  mlver-salt  with  magnesia,  removing  the  excess  of  silyer  by 
Bulphydric  acid,  and  evaporating. 

NiTBiTB  OF  Manganbsb. — Deliqussoent  Bslino mass. 

Hb BO  ITS  10  KiTBiTB,  diig'N'O'.H'O,  Separates  on  evaporating  a  mixture  of  mer* 
cnric  chloride  and  nitrite  of  silver.    (Lang.) 

KiTBiTB  OF  KiCKBi^  Nui^'N'O^  forms  reddish-yellow  crystals  which  are  perma- 
nent in  the  air,  and  in  the  dry  stete  may  be  heated  to  100°  without  decomposition, 
but  in  water  only  to  S(P  (Lang).  According  to  Hampe,  the  solution  decomposes  even 
at  common  temperatures,  giving  off  nitric  oxide  and  leaving  a  green  basic  salt^ 
Nni''O.Nni"N«0< 

NiTBiTB  OF  P0TA8SIVH.    KNO*.— Produced,  as  already  described  (p.  70),  by 

beating  the  nitrate  to  redness,  or  by  passing  nitrous  vapours  into  a  solution  of  caustic 

potash.    When  the  mixture  of  nitrate  and  nitrite  thus  obtained  is  dissolved  in  water, 

and  the  solution  concentrated,  nitrate  of  potassium  crystallises  out  first,  and  afterwards 

'  the  nitrite,  but  yery  impure.    To  obtain  a  pure  salt^  Fischer  mixes  the  solution,  after 
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the  nitnte  has  efyvtoUiBed  oat,  vith  dilnte  acetic  add  and  twice  ita  Tolnme  of  alcohol ; 
more  nitrate  then  crystalliaee  out,  and  the  liquid  aepanttea  into  two  layers,  the  upper 
consiattng  of  an  alcoholic  aolution  of  acetate  ol  potasflium,  the  lower  of  a  solution  of 
the  nitrite.    This  aolution  evaporated  OTer  oil  of  vitriol  yielda  the  nitrite  in  indistinct 

S petals.  Kitrite  of  potassium  may  also  be  obtained  pure,  by  decomposing  nitrite  of 
ver  with  an  equivalent  quantity  of  chloride  of  potassium,  or  nitnte  of  lead  with 
carbonate  of  potassium.  Or  the  following  process  may  be  adopted :  1  pt.  of  nitrate  of 
potassium  is  fused  in  an  iron  crucible^  and  2  pts.  of  lead  are  added,  with  constant 
stirring.  The  lead  oxidises  eyen  at  a  dull  red  heat ;  the  temperature  is  then  r^sed  to 
complete  the  oxidation;  the  cooled  mass  is  exhausted  wiui  water;  the  solution  is 
treated  with  suli)hide  of  ammonium  to  remove  a  small  quantity  of  lead,  then  evaporated ; 
and  the  residue  is  heated  to  fusion,  to  decompose  any  hvpoeulphite  of  potasiEaum  that 
may  have  been  formed  (A.  Stromeprer,  Ann.  Ch.  Fhaim.  zovi.  330).  Nitrite  of 
potassium  is  also  formed  by  the  action  of  ammonia  in  excess  on  permanganate  of 
potassium.    (Cloesand  G-uignet.) 

Pure  nitrite  of  potassium  is  a  white  crystalline,  deli<}uescent,  saline  mass,  neutral  to 

yegetable  colours,  according  to  Fischer,  alkaline  according  to  H.  Boss.    When  treated 

with  any  of  the  stronger  adds,  it  gives  off  nitric  oxide  gas,  the  nitrous  add  eUminated 

at  the  first  instant  being  immediately  resolved  into  t£it  compound  and  nitric  add: 

.  8HN0*  -  HNO»  +  H«0  +  2N0. 

l>oii6/ssa/<«o/Po<a«W«m-nt7rt<«.~The^Wtmii4aZ<,E*Bba*N^O*.H*0,forms 
lone  slender  needles,  permanent  in  the  air,  easily  soluble  in  water,  insoluble  in  alcohoL 
Sinular  double  salts  are  formed  with  the  nitrites  of  atnmHuTn,  calcium,  and  magnesium, 
the  first  being  permanent  in  the  air,  the  other  two  deliquescent  (Lang). — Cadmium'' 
salts, — A.  mixture  of  cadmium-acetate  with  excess  of  potassium-nitrite  deposits  fii'st 
the  salt  K'Ccd'^^0',  in  oblique,  one-dded,  shining,  yellow  prisms ;  afterwards  the 
salt  K*CodrS*0*\  in  yellow,  less  lustrous  tabular  aystals  (Lang).  Hampe  obtained 
this  last  salt  by  recrystallisation,  in  colourless  cubes;  the  mother-liquor  contuned  an- 
other salt  which  oystallised  in  prisms,  probably  K'Ccd'^K)'.  —  The  copper-salt, 

K'Ccu'N**0'*.HK),  forms  thin  prisms,  black  by  reflected,  dark  green  by  transmitted 
light,  permanent  in  the  air,  easily  soluble  in  water,  less  in  alcohol.  The  solution 
decomposes  easily,  depositing  dioupric  nitrite  (Hampe). — Lead-salts. — ^The  salt 
K'Ppb^*0*.HK)  crystallises  in  brown-yellow  rhombic  prisms.  A  solution  of  nitrite 
of  lead  mixed  with  a  large  excess  of  nitrite  of  potasdum  yields  long  dender  prisms 
less  soluble  than  the  preceding,  and  probably  condsting  of  a  compound  of  the  two 
double  salts  K«Ppb"N*0»  and  K*Ppb'^«0"  (Lang).— The  fMrcwry-salt,  K«Hhg'7J«0», 
forms  straw-yellow  prisms  (Lang). — ^The  niokei^alt,  K^i1^*0",  forms  brown  octahe- 
dral crystals  which  dissolve  with  green  colour  in  water,  are  insoluble  in  alcohol,  but 
are  decomposed  by  boiling  therewith.  A  triple  salt  containing  potasdum,  barium,  and 
nickel,  viz.  K'Bba'TM'ni'T^'O'',  is  obtained  by  mixing  acetate  of  nickel  with  potassio- 
barytic  nitrite,  or  acetate  of  barium  with  niccolo-potasdc  nitrite,  in  brown-yellow 
microscopic  tablets,  sparingly  soluble  in  cold  water  (Lang,  Hampe). — The  wUladium- 
salt  separates  from,  concentrated  solutions  as  a  white  powder ;  fi^m  more  ailute  solu- 
tions m  yellow  crystals,  Tery  soluble  in  water.  It  is  decomposed  by  heat,  leaving 
a  reddue  of  palladium  and  nitrite  of  potasdum  (Fischer). —  The  sUver-salt, 
2KAgNK>*.H'0,  forms  ydlow  rhombic  prisms  or  tablets,  permanent  in  the  air,  soluble 
without  decompodtion  in  a  small  quantity  of  water,  decomposed  by  a  larger  quantity 
(Lang,  Hampe\ — ^The  gino-salt,  K^ZJzn'l^^O'.HK),  crystallises  in  short,  yellow, 
ddiquescent,  eadly  decompodble  prisms.    (Lang.) 

NiTBiTBovSiLr.an.  AgNO*. — Obtained  by  double  decompodtion  of  an  alkaline 
nitrite  and  nitrate  of  silver.  Separates  £rom  cold  solutions  as  a  white  powder  com- 
posed of  capillary  ciTBtals ;  from  hot  solutions  in  larger  crystals.  In  small  quantities 
It  appears  white,  in  larger  quantities  yellow.  Dissolves  in  300  pts.  water  at  ordinary 
temperatures,  eadly  in  boiling  water. 

NiT&iTB  OF  Sodium.  NaNO*. — Prepared  like  the  potasdum-salt.  Nitrate  of 
sodium  is  more  easily  decomposed  by  heat  than  nitrate  of  potasdum,  and  yields  a 
larger  proportion  of  free  alkali.  In  purifying  the  nitrite  by  Fischer^s  method  with  acetic 
add  and  alcohol  (vid.  sup.\  the  {ucoholic  solution  does  not  separate  into  two  layers^ 
and  the  aqueous  alcohol  holds  in  solution  acetate  and  nitrate  of  potassium,  as  well  as 
nitrite.  It  must  therefore  be  evaporated  to  dryness  and  the  reddue  exposed  to  the  air. 
The  deliquescent  nitrite  of  sodium  may  then  be  decanted,  and  will  yield  the  crystalline 
salt  by  evaporation  over  oil  of  vitriol 

The  pro^rties  of  nitrite  of  sodium  are  for  the  most  part  the  same  as  those  of  the 
potasdum-salt ;  it  is  distinguished  however  by  its  greater  solubility  in  alcohoL 

NiTsiTB  OF  Stbontiux.  Ssr'T^'O*.— Prepared  like  the  barium-salt,  but  the 
solution  requires  to  be  more  strongly  concentrated  to  separate  the  remaining  nitrate. 
Crystallises  in  dender  needles  which  dowly  deliquesce  in  damp  air. 
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NiTBiTi  OF  Zivc.— Wlute  lanuiiar  mui,  oonoBdng  of  Zb&'17H)^8H^  (LangX 
er  &ii''0.2kii'N*0«  (Hampe). 

Alcoholic  Nitrites.    Nitrous  Ethers, 

^^  ICO  I 

NiTBiTB  OF  AxTL.  C»IP'NO*  «  ^^J^,  J O.— Prepawd  by  passmg  nitrouB  va- 
pours into  amylic  alcohol  contained  in  a  heated  retort,  reedfyinp;  the  diatiUate,  and 
collecting  apart  the  portion  which  goes  OTer  at  96^.  It  is  a  bght-jellowish  liquid 
becoming  durker  while  hot^  smelling  like  ethjlic  nitrite,  having  a  specific  gravity  of 
0*877 ;  boiUng  at  96^  (Balard),  at  91<'(Rieckher}.  Its  vapour  has  a  reddish-yellow 
colour,  and  joodnoes  head-ache  when  inhaled. 

Itisquiduy  decomposed  by  alcoholic  potash,  yielding  nitrite  of  potassium  and  probably 
elhyl-amylic  ether ;  aqueous  potash  acts  but  riowly  on  it.  When  dropt  upon  meltine 
potash,  it  takes  fire  at  the  first  instant,  and  forms  valerate  of  potassium.  When  heated 
with  water  in  which  peroxide  of  lead  is  suspended,  it  yields,  according  to  Biekher, 
amylic  alcohol,  nitrate  of  lead  and  nitride  of  lead.  (Balard,  Ann.  Ch.  Fhys.  [3]  zii. 
318;  Bieckher,  Jahresb.  1847-8,  p.  699.) 

NiTBiTB  OF  Ethti*  Nitrous  Ether,  C*H»NO«;  formerly  called  Nitrtc  Ether, 
SalpeterSther,  Salpeter-naphtha,  Ether  nitrique, — This  ether  was  first  observed  by 
Bumkel  in  1681 ;  but  its  composition  was  first  exactly  determined  by  Dumas  and 
Boullay  (Ann.  Ch.  Phys.  [2]  xxxvii.  15).  It  is  produced  by  the  action  of  nitric  or 
nitrous  add  upon  alcohol,  'fne  action  of  the  former  acid  is  very  violent,  part  of  the 
alcohol  being  oxidised  and  the  nitric  add  reduced  to  nitrous  add,  whidi  then  forms 
nitious  ether  with  the  remaining  alcohoL 

Preparation. — 1.  A  mixture  of  alcohol  and  nitric  add  (equal  parts  of  alcohol  of 
96°  "Al  and  nitric  add  of  82^,  according  to  Th^nard)  is  distijied  in  a  retort  connected 
with  a  series  of  Woulfife's  bottle  half-filled  with  salt-water,  heat  hmns  applied  to  set  the 
action  going,  and  the  fire  afterwards  removed.  Nitrous  ether  then  collects  on  the  surface 
of  the  brine  in  the  form  of  a  light  liquid  which  is  to  be  rectified,  and  then  set  aside  in 
contact  with  quicklime.  Berzdius  recommends,  as  originally  proposed  by  Black,  to 
place  8  pts.  of  Anning  nitric  add,  4  pts.  water,  and  9  pts.  alcohol,  one  above  the  other 
in  a  ghiBs  cylinder,  leave  the  whole  to  itself  for  two  or  three  days,  so  that  the  alcohol 
and  add  may  mix  slowly  by  difiiision,  and  puri^  the  upper  layer  by  distillation. 

2.  As  the  direct  action  of  nitric  acid  npon  aJoohol  is  necessarily  attended  with  a 
considerable  loss  of  alcohol  by  oxidation,  it  is  more  advantageous  to  reduce  the  nitric 
to  nitrous  add  by  means  of  starch,  sugar,  &c.  Liebig  (Ann.  Ch.  Fharm.  xxx.  142) 
passes  the  nitrous  vapours  evolved  ttom.  nitric  add  and  starch  through  cooled  dilute 
alcdliol,  and  condenses  the  evolved  vapours  in  a  cooled  receiver.  Or  equal  volumes  of 
alcohol  and  nitric  add  may  be  distilled  with  starch  or  sugar  (J.  Grants  Pharm.  J. 
Trans,  x.  244) ;  or  with  copper  turnings.    f£.  Kopp,  J.  Pharm.  [3]  zi.  320.) 

Nitrite  of  ethyl  is  a  yellowish  liquid  having  an  odour  of  apples,  miseible  in  all  pro- 
portions with  alcohol,  but  sparingly  soluble  in  water  (1  pt  m  48).  It  boils  at  18^. 
It  decomposes  by  keeping,  espedally  in  presence  of  water,  giving  off  nitric  oxide,  and 
often  bursting  the  containing  vessel  It  is  reduced  by  sulpbydric  add  or  sulphide  of 
ammonium  in  the  manner  represented  by  the  equation : 

C^»NO«  +   8H«S     -     C^«0  +  NH»  +  H?0  +  fiP. 
Kttrooft  ether.  Alcohol. 

A  solution  of  etfaylic  nitrite  in  alcohol  constitutes  the  nitric  ether  of  the  pharmaoo- 
poeiaa,  also  called  Sweet  Spirits  of  Nitre,  Spiritius  nitruxhathereus  or  Spiritus  nitri 
atdcis. 

Par  details  on  the  preparation  and  properties  of  nitrous  ether,  see  G-meUn*s  Handbook, 
TiiL468. 

NiTBiTB  OF  Mbthtl.  CH'NO*. — ^Pioduced  by  treating  wood-spirit  with  nitric 
add  and  copper  turnings  or  arsenious  add.  The  less  volatile  products  are  condensed 
in  a  receiver  cooled  to  0^,  and  the  gaseous  methylic  nitrite,  after  purification  by  passing 
through  potash-ley,  solution  of  ferrous  sulphate,  and  dry  chloride  of  caldum,  is  con- 
densed in  a  tube  cooled  to  between  ->  80  and  ~  40°.  As  thus  obtained  it  is  a  liquid 
of  spedfie  gravity  0*991,  whidi  boils  at  — 12°,  giving  off  a  gas  which  smells  like  ethylic 
nitnte  and  bums  with  a  green-edged  fiame.  It  is  also  found  among  the  gaseous 
products  evolved  on  treating  brudne  with  nitric  add.  (Strecker,  Compt.  rend. 
M**iy.  58.) 

NiTBio  Pbbozidb  or  Tbtboxidb  of  NiTBOcanr.    NO'  or  NH)^ 

Synonymes :  Pemitrie  oxide.  Peroxide  of  Nitrogen,  Nitroso^itric  anhydride.  Hypo" 
mtric  acid.     In  combination :  Nitryl, — This  is  the  piindpal  constituent  of  the  orange 
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fumes  produced  on  mixing  nitric  oxide  with  oxygen  or  air.  When  nitric  oxide  ia  mixed 
with  excess  of  oxygen,  2  vol.  of  the  former  combine  with  1  toL  of  the  hitter  to  form 
2  Tols.  of  nitric  peroxide. 

PreparaHon. — 1.  When  a  mixture  of  2  toIs.  nitric  oxide  and  1  toL  oxygen,  Ineorpo- 
rated  by  passing  through  a  tube  filled  with  broken  porcelain  and  thoroughly  dried  by 
transmission  orer  pumice  soaked  in  oil  of  yitriol,  and  then  over  recently  fUsed  slack- 
potash,  is  subjected  to  the  action  of  a  freezing  mixture  of  salt  and  ice,  pemitric  oxide 
condenses  in  transparent  crystals,  or  if  the  slightest  trace  of  moisture  is  present,  into  an 
almoet  colourlees  liquid. — 2.  Thoroughly  dned  nitrate  of  lead  heated  in  a  retort,  gives 
off  a  mixture  of  pemitric  oxide  and  o^^gen  gases,  the  former  of  which  may  be  con- 
densed as  above,  while  the  latter  passes  on : 

PpbNK)*     -     PpVO  +  0   +  N»0*. 

The  first  portions  of  nitric  peroxide  thus  obtained  do  not  solidify,  doubtless  owing  to 
the  presence  of  a  trace  of  moisture,  but  if  the  receiver  be  changed  in  the  midst  of  the 
operation,  and  if  every  care  has  been  taken  to  avoid  moisture,  the  later  portions  may 
be  obtained  in  the  crystalline  form. 

Properties, — Nitric  peroxide  at  very  low  temperatures  forms  transparent,  colourless, 
prismatic  crystals  which  melt  at  —9^;  but  when  once  melted  do  not  resolidify  till 
cooled  down  to  —  30^.  Above  ^9°  it  forms  a  mobile  liquid  of  specific  gravity  1*451, 
the  appearance  of  which  varies  greatly  according  to  the  temperature.  When  still 
liquid  below  —9^,  it  is  almost  colourless;  at  —9°  it  has  a  perceptible  greenish-yellow 
tint ;  at  0°  the  colour  is  somewhat  more  marked ;  at  10^  it  is  decidedly  yellow ;  and  at 
15^  and  upwards,  orange-yellow,  the  depth  of  colour  increasing  progressively  with  the 
temperature  up  to  22^,  the  boiling  point  of  the  liquid.  The  vapoor  has  a  brown-red 
colour,  the  depth  of  which  also  increases  with  the  temperature,  until  at  40^  it  is  so 
dark  as  to  be  almost  opaque.  This  remarkable  change  of  colour  ib  accompanied  by  a 
great  diminution  of  density  as  the  temperature  rises,  both  phenomena  pointing  to  a 
molecular  change  produced  in  the  vapour  by  heat.  Play  fair  and  Wanklyn  (Chem. 
Soc.  J.  XV.  156^  have  determined  the  densitv  of  the  vapour  by  Dumas*  method,  using 
nitrogen  as  a  diluent,  and  find  that  the  densities  at  different  temperatures  are  as  follows: 


Temparatore. 

VapourHl«nsitT. 

97-60 

•        • 

.     1-788 

24-6 

•        • 

.     2-620 

11-8 

•         • 

.     2-646 

4*2    ,.   . 

•         • 

.     2-688 

Now  the  density  required  by  the  formula  NOt  for  a  two-volume  condensation  is 

^  "*"     • X  0*0693  -  1-6893 ;  that  required  by  N'O*  for  the  same  condensation  is 

the  double  of  this,  viz.  3-1786 ;  and  the  vapour^densities  found  by  experiment  are  all 
intermediate  between  these  two  numbers,  that  found  at  97*6°  not  differing  very  much 
from  the  lower  calculated  number,  while  those  found  at  the  lower  temperatures  approach 
more  nearly  to  that  required  by  the  fommla  N'O*.  Hence  it  is  probable  that  nitric  per- 
oxide exists  in  two  modifications,  NO*  and  NK)*,  which  pass  readily  one  into  the  other 
with  change  of  temperature ;  that  at  temperatures  near  100^,  the  gas  consists  chiefly  of 
NO',  at  oKUnary  temperatures  of  NK)*,  and  at  intermediate  temperatures  of  mixtures 
of  the  two  in  various  proportions.     Liquid  pernitrio  oxide  gives  off  at  ordinary  tem- 

Seratures  an  abundance  of  reddish  vapours  which  when  mixed  with  air  are  extremely 
ifficult  to  condense.  These  vapours  have  a  puneent,  suffocating  odour  and  acid  taste, 
are  quite  irrespirable,  and  stain  the  skin  of  a  bright  yellow.  Concerning  the  dark  bands 
in  the  spectrum  of  lamp-light  passing  through  the  vapour  of  mtzic  peroxide,  see 
Light  (iii.  621). 

Deeompontioru. — ^Nitric  peroxide  is  decomposed  by  vjoter^  with  production  of  nitric 
and  nitrous  adds,  whence  it  may  be  regardea  as  nitroso- nitric  anhydride : 

N«0*  +  HK)     -    HNO«  +  HNO«. 

This  simple  reaction  however  takes  place  only  at  very  low  temperatures ;  when  a 
small  quantity  of  ice-cold  water  b  added  to  pemitric  oxide  cooled  hy  ice  and  salt^  two 
layers  of  liquid  are  formed,  the  upper  and  least  coloured  of  which  consists  chiefly  of 
aqueous  nitric  oxide,  the  lower  and  darker  of  nitrous  acid  or  anhydride,  which  may  be 
distilled  off  at  a  low  temperature,  as  already  described  (p.  74).  Pemitric  oxide  acts 
in  a  similar  manner  upon  caustic  alkalis  when  not  too  dilute,  forming  a  nitrate  and 
nitrite  of  the  alkali-metaL  But  when  nitric  peroxide  is  added  to  excess  of  water  at 
ordinary  temperatures  it  is  decomposed  into  mtric  add  and  the  products  of  decompo- 
sition of  nitrous  acid,  namely,  nitric  acid,  water,  and  nitric  oxide  gas.  As  the  quantity 
of  nitric  peroxide  added  to  the  water  increases,  the  evolution  of  nitric  oxide  becomes 
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lesB  and  less  obyious^  until,  when  a  oonsiderable  (pantity  of  nitric  add  has  been  formed, 
it  disappeazB  altogether.  Bniing  this  saturation  of  the  water  with  nitric  add,  it 
becomes  sucoeesiydj  blue,  green,  and  orange-coloored,  these  colonrs  depending  upon  the 
solution  of  unaltered  nitric  neroxide  in  the  aqneous  nitric  add,  which,  aoeoraing  to  its 
concentration,  is  capable  of  oiuolTing  an  increasing  qoantitj,  and  of  decomposing  a  de- 
creasing quantity  of  that  oomponnd.  The  simuarlj  coloured  liquids  produced  by 
treating  aqueous  nitric  add  with  nitric  oxide  gas  are  uiought  to  owe  their  colour  to  the 
presence  <tf  pemitrie  formed  by  deoxidation  of  a  portion  of  die  nitric  add : 

NO  +  2HN0"     -    HK)   +     8N0*. 

Nitric  peroxide  is  not  decomposed  at  a  dull  red  heat  Mixed  nitric  peroxide  and 
oxygen  gaus  passed  oyer  spongy  platinum,  react  upon  each  other,  with  production  of 
water  and  ammonia,  the  platinnm  at  the  same  time  becoming  red-hot.  Nitric  per- 
oxide Ib  also  absorbed  by  aqueous  sulpkgdrio  acid,  with  formation  of  ammonia  ani? 
depontion  of  sulphur.  Ordinary  combustibles  are  extinguished  by  nitric  peroxide 
Tapour ;  but  charcoal  and  phoapkorttSf  when  stron^y  ignited,  bum  in  it  with  consider- 
able brilliancy,  liberating  the  nitrogen.  It  is  also  decomposed,  with  liberation  of  nitro- 
gen, by  iron  and  other  metals  at  a  red  heat  Potassium  introduced  into  the  yapour  at 
ordinaiT  temperatores  inflames  spontaneously  and  bums  with  a  red  flame. 

ComSinatiofts, — ^Nitric  peroxide  usually  reacts  with  basylous  metallic  oxides,  as  before 
obseryed,  to  form  nitrates  and  nitrites ;  out  it  has  been  supposed  also  to  unite  directly 
with  some  oxides  to  form  deflnite  salts:  hence  it  has  been  called  hyponitric  acid. 
Thus  the  nitroso-nitrates  of  lead  already  described  (p.  73^  are  regarded  by  Bromeis  as 
compounds  of  lead-oxide  with  nitric  peroxide;  and  cobalt-yellow  (i  1058)  is  by  some 
chemists  supposed  to  haye  the  compodtion  GoKO.NK)\ 

Nitric  peroxide,  or  nitryl,  acts  as  a  monatomic  chlorous  radicle  analogous  to  chlorine 
and  bromine,  and  capable  of  displacing  one  or  more  atoms  of  hydrogen  in  yarious  com- 

SoundB,  chiefly  organic,  atom  for  atom ;  naphthalene,  for  example,  yields  the  three  nitro- 
eriyatives,  C**H»(NO«)«,  C»«H«(NO*)«,  C"H»(NO>)«.  Some  of  these  compounds  are 
formed  by  the  direct  action  of  nitric  peroxide  on  organic  bodies,  e.g.  mononitronaph- 
thalene,  C**H'(NO*) ;  but  they  are  generally  speaking  meet  easily  formed  by  the  action 
of  strong  nitric  acid  (which  may  itself  be  supposed  to  contain  the  radide  nitryl)  on  the 
primary  compounds :  thus, 

C»H"  +  ^2*1^     ="     C»«H^(NO«)  +  H»0. 

Nitric  peroxide  also  unites  with  amylene,  forming  rdtrvlide  of  amylene,  C*H'*(NO'), 
analogous  to  the  bromide,  C*H**Br*,  and  possibly  also  with  the  other  defines. 
(Guthrie,  see  i.  209.) 

A  chlor  id  e  of  n  i  try  1,  N0K3,  is  produced  by  the  action  of  oxychloride  of  phospho- 
rus on  nitrate  of  lead ;  thua^ 

8PpbN«0»  +  2Pa»0     -    PpHPK)"  +   6N0KJ1; 

also  by  the  action  of  chlorhydro-snlphuric  acid  upon  nitrate  of  potassium : 

KNO*  +  HCISO*     -    KHSO*  +  N0«C1. 

It  is  a  thin  pale  oil  smelling  somewhat  of  nitro-muriatic  add.    It  is  decomposed  by 
water  into  hydrochloric  and  nitric  adds : 

NO»a  +  H«0     -    HCl  +  HNO«. 

Nrruc  Anhtdbidb,  Acid,  and  Salts. 
Wtlrie  Anbydride*  or  Ventozide  of  Wltrogea.     Anhydrous  Nitric  acid, 
titrate  of  Kiiryl,  IPO*  -  ^^|  0.->This  compound,  discoyered  by  H.Deyille  in  1849, 
is  produced  by  decomposing  nitrate  of  silyer  with  chlorine-gas,  both  bdng  perfectly 

^'  2AgN0»  +  Cl>     -     2Aga  +  N«0»  +  O. 

The  nitrate  of  silyer  is  placed  in  a  TJ-tube  capable  of  containing  about  500  grms.  of 
the  salt  This  tube  is  connected  with  another  U-tube  of  considerable  size,  and  haying 
at  the  bottom  a  small  spherical  reseryoir,  which  seryes  to  receiye  a  yery  yolatile  liquid 
(nitrous  anhydride),  produced  in  the  course  of  the  operation.  The  tube  containing  the 
nitrate  of  silyer  is  immersed  in  water  coyered  with  a  thin  layer  of  oil  and  heated  by 
'means  of  a  spirit  lamp,  which  communicates  with  a  reservoir  kept  at  a  constant  leyeL 
The  chlorine  is  eyolyed  from  a  glass  gasometer,  and  its  displacement  is  regulated  by  a 
slow  and  constant  flow  of  sulphuric  add ;  it  is  dried  by  passing  oyer  chloride  of 
caldnm  and  then  oyer  pumice-stone  moistened  with  suljphuric  add.  The  bend  of  the 
.large  U-tnbe  is  immersed  in  a  freezing  mixture.    The  nitrate  of  silyer  is  flrst  heated 
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to  180^  and  deprivBd  of  moiBtaie  hj  panbig  a  ennent  of  earbonio  anhydiid*  tluroogb 
the  apparatus.  After  thia^  the  tranmiMioD  of  the  cfaloBne  ie  oommenoed*  At 
ordiDary  temperatures  it  appears  to  exert  no  action;  bat  when  the  nitrate  of' silver  is 
heated  to  96°,  and  the  temperatnre  then  lowered  to  68°— 68^,  the  deoomposition  of  the 
nitrate  takes  plaee,  chloride  of  silver  being  farmed  and  nitric  oxygen  evolved.  At  first 
a  portion  of  nitric  peroxide  is  developed,  bnt  as  soon  as  the  temperature  has  reached  its 
lowest  point,  crystals  of  nitric  anhydride  are  formed  and  soon  obstmct  the  XT-tube. 
The  gases  evolved  daring  the  process  are  cdloared ;  and  in  the  spherical  xeserroir  at 
the  Irattom  of  the  tube,  £ere  collects  a  small  <|aantity  of  liquid  which  most  be  removed 
from  the  apparatus  before  transferrins  the  nitnc  anhydride  to  another  vessel  To  effect 
this  transrorence,  the  cuiient  of  chlorine  must  be  replaced  l^  a  current  of  carbonic  anhy- 
dride, the  condensing  tube  must  no  longer  be  cooled ;  and  the  bulb  destined  to  receive 
the  crystals  must  be  immersed  in  a  freeaing  mixture  and  connected  with  the  U-tube 
by  means  of  a  caoutchouc  tube  lined  with  asbestos.  The  chlorine  should  pass  vezy 
slowly,  not  more  than  8  or  4  litres  (about  60  cubic  inches)  in  24  hours.  An  apparatus 
arranged  as  above  described  will  go  on  day  and  night  without  superintendence :  it 
is  merely  necessary  to  renew  the  supply  of  sulphuric  add  which  displaces  the  chlorine, 
the  alcohol  which  feeds  the  lamp,  and  the  freezing  mixture. 

Nitric  anhydride  forms  transparent  colourless  crystals  of  great  brilliancy,  having  the 
form  of  prisms  with  six  faces  and  apparently  derived  from  a  right  rhombic  prism. 
When  slowly  deposited  in  a  current  of  the  gas  strongly  cooled,  they  attain  a  consider- 
able size.  They  melt  a  little  above  80°,  and  boil  at  about  46°.  At  10^  the  tension  of 
.  the  vapour  is  very  considerable.  At  temperatures  near  the  boiling  point,  decomposi- 
tion appears  to  begin :  hence  the  tension  of  the  vapour  cannot  be  determined  oy  Dumai^ 
process.    (Deville,  Ann.  Ch.  Phys.  [S]  xxviiL  241.) 

Mitrte  flMia.    HNO*  -  ^^(o  or  H'O.NK)*— Jiro^  aeid.     SpirU  of  nitre. 

SpirUut  niiri  aoidua.  BoLpetergeist,  In  the  dilute  state:  AauaforiU,  Eau  forte, 
JScheidewasaer. — This  acid  has  been  known  from  early  times.  It  is  mentioned  in  the 
writings  of  Geber  in  the  eighth  century ;  Baymond  Lullius,  in  the  thirteenth  cen- 
tuiT,  gave  directions  for  preparing  it  by  distilling  saltpetre  with  sulphate  of  iron ; 
ana  Glauber  soon  afterwaras  obtained  it  by  distilling  saltpetre  with  oil  of  vitriol,  the 
process  by  which  it  is  prepared  at  the  present  day. 

Formation.. — 1.  When  nitrogen-gas  mixed  with  10  or  12  times  its  bulk  of  hydrogen 
is  burnt  in  oxygen,  the  resulting  water  is  found  to  contain,  in  addition  to  mtrite  of 
ammonium,  a  roiall  quantity  of  free  nitric  acid.  Again,  when  a  succession  of  electric 
sparks  is  passed  through  a  moist  mixture  of  2  vol  nitrogen,  and  6  voL  oxyeen,  traces 
of  nitric  acid  are  slowly  formed.  It  was  by  a  modification  of  the  experiment  that 
Cavendish  first  ascertained  the  composition  of  nitric  add.  Davy  noticed  that  traces 
of  nitric  acid  are  produced  at  the  positive  pole,  when  water  containing  atmoepherie 
air  is  submitted  to  electrolysis. 

2.  Sy  the  decomposition  of  nitrous  add,  and  of  all  the  oxides  of  nitrogen.  Thus, 
traces  of  nitric  add  are  formed  from  moist  nitrous  and  nitric  oxide  gases,  by  transmis- 
sion through  red-hot  tubes,  or  by  electrolisation ;  while  quantities  of  it  are  produced 
bv  the  action  of  water  upon  nitrous,  nitroso-nitric,  and  nitric  anhvdrides.  Nitric  acid 
also  occurs  among  the  products  resulting  from  the  transmission  through  red-hot  tubes 
of  an  excess  of  oxygen  mixed  witli  ammoniacal  or  moist  cyanogen  gas. 

Preparation. — 1.  From  Nitrate  ofpotaesium.  1000  parts  of  purified  saltpetze  are 
distilled  in  a  glass  retort  with  96  parts  of  common  oil  of  vitriol,  till  the  residue  in  the 
retort  becomes  tranquil,  and  no  more  drops  distil  over.  The  ingredients  should  be  but 
little  more  than  suffident  to  half  fill  the  retort^  or  there  will  be  danger  of  the  mixture 
boiling  over.  When  a  tubulated  retort  is  emploved,  the  oil  of  vitriol  is  intzoduced 
throu^  the  tubulus ;  but  with  a  plain  retort,  the  add  is  poured  down  the  nedc  by 
means  of  a  bent  tube-funnel,  care  being  taken  not  to  soil  the  neck  with  the  oil  <n 
vitrioL  The  neck  of  the  retort  must  reach  almost  to  the  middle  <^  the  recdver, 
which  is  cooled  with  water,  and  attached  to  the  retort  without  any  cement. 

For  every  molecule  of  saltpetre  (KNO'  »  101  pts.)  1  molecule  of  oil  of  vitriol 
(H'SO^  M  98  pts.)  is  requireo,  in  which  case  1  molecule  of  nitric  add  passes  over, 
and  1  molecule  of  add  sulphate  of  potasdum  remains  in  the  retort: 

KNO*  +  mSO*     -    KHSO*  +  HNO». 

It  was  formerly  the  pactiee  to  use  only  half  the  quantity  of  sulphuric  add  indicated 
by  the  aboTe  proportion;  and  in  fi^t  when  1  at.  sulphuric  add  is  heated  with  2  at. 
saltpetre,  the  whoU  of  the  nitric  add  is  ultimately  given  off;  for  the  decompomtion 
begins  in  the  manner  above  indicated,  the  oil  of  vitnol  actins  upon  half  the  quantity 
of  saltpetre  present^  so  that  1  at  nitric  add  is  disengaged,  ana  a  mature  of  nitrate  and 
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add  snlphato  of  potaaniim  mnains  behind.  This  ftnt  stage  of  the  leaetion  takes 
place  at  a  moderate  heat;  bat  afterwards,  as  the  oontents  of  we  retort  attain  a  higher 
temperatorei  the  add  sulphate  and  nitrate  act  upon  one  another,  aooording  to  the  fol- 
lowing eqnadoni  yielding  nitrio  add  and  neutral  solphate  of  potaisimn ; 

KHSO*  +  KNO»     -    HNO»  +  K«SO* 

But  these  proportions  are  not  adTantageons,  at  least  when  a  colourless  add  is  required ; 
fi»r  at  the  high  degree  of  heat  attained  in  the  latter  stage  of  the  process,  a  great  portion 
of  the  nitrio  add  is  resolyed  into  o:qrgen  and  nitrio  peroxide,  whidi  being  absoroed  by 
the  add  first  distilled  oyer,  converts  it  into  red  faming  nitric  add. 

2.  From  eommeccial  Nitrate  qf  sodium  or  CkUe  sal^tre. — This  salt,  on  account  of 
its  lower  price,  is  now  generally  used  for  the  preparation  of  nitrio  add  on  the  huge 
scale.  The  distillation  is  conducted  as  aboye,  excepting  that  1  molecule  (98  pts.}  of 
dl  of  yitriol  is  su£Bcieat  for  the  decompodtion  of  2  moMcales  (170  pta)  of  the  mtre 
(or  58  to  lOOX  becaose  the  reaction  takes  place  at  a  lower  temperatare  than  with  nitrate 
of  potasdam,  so  that  the  heat  never  rises  high  enough  to  decompose  much  of  the  nitric 
ack^  and  the  add  collected  in  the  receiyen  has  only  a  pkle  yellow  colour.  If  2  at. 
sulphuric  add  are  used  to  2  at.  nitrate  of  sodium,  the  acid  must  be  diluted  with  one- 
foukh  its  wei^  of  water  to  prevent  the  mass  fiom  boiling  over.  The  best  proportions 
are  100  pts.  mtnte  of  sodium,  116*7  pta.  of  oil  of  yitriol  and  80  pts.  of  water;  for  the 
add  sulphate  of  sodium  retains  not  only  1  aL  water,  like  the  potasdum-salt,  but  3  at., 
which  it  tends  to  separate  from  the  nitric  add,  so  that  unless  water  is  added,  the  mass 
becomes  solid,  and  th»  add  Ib  partly  resolved  into  nitrio  peroxide  and  o^gen  gas. 
(Wittstein,  Bepert.  Pharm.  Ixiv.  289.) 

Both  potash-  and  soda-nitre  generally  contain  chloride  of  potasnum  or  sodium,  which 
at  the  commencement  of  the  process  gives  rise  to  the  evolution  of  a  yellowish-red  mixture 
of  pemitric  oxide  vapour  and  chlorine  ^.  As  however  the  whole  of  the  chlorine  passes 
over  at  the  beginning  of  the  distillation,  an  acid  is  at  length  obtained  perfectly  free 
from  chlorine ;  this  pure  add  amounts  to  one-half  or  two-thirds  of  the  whole.  It  is 
-well  to  change  the  reodver  as  soon  as  the  add  drops,  which  fall  from  the  neck  of  the 
retort,  produce  but  a  slight  turbidity  in  a  solution  of  nitrate  of  silver,  and  again,  when 
they  cease  to  cause  any  turbidity  whatever.  If  the  saltpetre  be  purified  by  repeated 
crystallisation  from  every  trace  of  chloride,  it  yields  a  perfectly  pure  add  from  the 
commencement.. 

The  ordinary  acid  may  be  purified  by  distUlation  with  a  small  quantity  of  saltpetre 
— the  reodver  bdng  changed  m  the  course  of  the  process.  Acid  containing  chlorine 
passes  over  first,  and  afterwards  pure  nitric  acid. 

In  Older  to  obtain  an  add  as  concentrated  and  as  free  as  possible  from  chlorine  and 
nitric  peroxide,  Mi  Hon  distils  it  till  a  third  part  has  passed  over,  and  then  distils  the 
rest  with  an  equal  measure  of  oil  of  vitriol,  the  receiver  bdng  changed.  The  latter 
distillate  he  purifies,  by  a  second  distiUation,  from  the  sulphuric  add  which  comes  over; 
heats  the  distillate  to  the  boiling  point  in  the  bottle  in  wnich  he  intends  to  preserve  it; 
and  passes  a  continuous  current  of  carbonic  anhydride  through  it,  till  the  add  becomes 
cold.  Should  the  spedfic  gravity  of  the  add  exceed  1*5,  me  heating  and  current  of 
carbonic  anhydride  must  be  repeated  once  or  twice,  to  remove  the  whole  of  the  nitric  per- 
oxide. In  this  manner,  a  transparent  and  colourless  add  may  be  obtained  of  spedfic 
gravity  1*521. 

Nitric  add  prepared  from  Chile  saltpetre  often  contains  iodine.  Such  add,  when 
distilled  with  sulphuric  acid,  yields  a  sublimate  of  iodine  after  all  the  nitric  add  has 
passed  over.  The  iodin^  (which  is  in  the  form  of  iodic  add)  may  also  be  detected  by 
reducing  it  with  sulphydric  adder  hyposulphite  of  sodium  and  then  testing  with  starch. 

Non-volatile  impurities,  chiefly  potassium  or  sodium  salts,  are  occasionally  present 
in  the  add,  having  been  carried  over  by  too  rapid  distillation. 

On  the  large  soide^  the  potash  or  soda  nitre  is  distilled  in  horizontal  east-bron  cylinders, 
or  similar  vessels,  and  the  add  is  condensed  in  a  series  of  stone-ware  Woulfie's  bottles, 
into  the  last  of  which  a  certain  quantity  of  water  is  poured,  to  effect  complete  conden- 
sation. Formerly,  caldned  green  vitriol  or  moistened  clay  was  substituted  for  sulphuric 
add  in  this  process ;  the  greater  part  of  the  acid  then  distilled  over  as  pemitric  oxide, 
which,  when  condensed  by  the  water,  yielded  acftiafortis  (Scheidewasser).^ 

In  some  French  manufactories,  the  generating  vessel  is  connected  with  a  double 
series  d  condensers  by  means  of  a  T-shaped  tube  fitted  with  a  three-way  cock,  so  that 
the  add  vapours  may  be  made  to  pass  into  either  set  of  condensers  at  pleasure,  and 
shut  off  from  the  other.  In  this  way  the  pure  colourless  add  which  distils  oyer  towards 
the  middle  of  the  process  may  at  once  be  separated  from  the  coloured  add  whidi  is 
given  off  at  the  beginning  and  the  end.  For  full  details  respecting  this  and  other 
recent  improvements  in  the  methods  of  distillation  and  condensation,  see  Bichardson 
and  WaiUfa  Chemical  Technology,  vol.  i.  pt  4,  pp.  337-350. 

The  following  methods  of  preparation  described  byKuhlmann  (B^p.  Chim.  app. 


80         NITROGEN  :  OXIDES  AND  OXYGEN-ACIDS. 

1862,  p.  337 ;  Warner's  Jahiesberioht^  1862,  p.  239)  may  perhaps  be  adTantageouslj 
adopted  under  paiticcdar  dreamstancea. 

a.  By  heating  chloride  of  manganese  with  nitrate  of  sodium,  whereby  a  laige  quantity 
of  nitrous  fumes  are  given  off,  and  an  oxide  of  manganese  is  formed  which  may  serve 
for  the  evolution  of  dblorine: 

6MnCl  +  6NaN0«     =     3MnOJIin«0  +  SSsCl  +  6N0»  +   O. 

The  mixture  of  nitric  peroxide  and  oxygen  coming  in  contact  with  the  water  of  the 
condenser  is  converted  into  nitric  add,  the  excess  of  nitric  peroxide  being  resolved  at 
the  same  time  into  nitric  add  and  nitric  oxide. 

b.  By  the  action  of  certain  sulphates  on  the  nitrates  of  potassium  and  sodium.  Sul- 
phate of  manganese  acts  in  a  smular  manner  to  the  chloride ;  the  sulphates  of  cine, 
magnesium  and  caldum  also  decompose  alkaline  nitrates  when  heated  with  them. 

0.  By  the  action  of  certain  metallic  oxides,  alumina^  and  silica  on  nitrates.  W  o  h  1  e  r 
has  shown  that  when  a  mixture  of  peroxide  of  manganese  and  nitrate  of  sodium  is  mode- 
rately heated  in  a  dose  vessel,  caustic  soda  is  formed,  but  no  salt  of  manganic  add,  and 
large  quantities  of  nitrous  vapours  are  given  off,  which  may  be  condensed  in  water  as 
above. 

d,  Kuhlmann  (Compt  rend.  xlvi.  464,  675)  recommends  the  preparation  of  weak 
nitric  add,  without  distillation,  by  deoompodng  a  strong  solution  of  nitrate  of  barium 
(obtained  by  decomposing  nitrate  of  sodium  with  chloride  of  barium)  with  an  equiva- 
lent quanti^  of  sulphuric  acid.  The  aqueous  nitric  acid  decanted  from  the  predpitated 
sulphate  of  barium  has  a  strength  of  10^  or  ll°Baum6  (specific  ^vity  1*076^1*083), 
ana  may  be  concentrated  by  boiling  to  25^  Baum6  (specific  gravity  1*210). 

Prepar€Uum  of  Fuming  Nitric  AM, — This  rpd  mming  liquid,  which  consists  of 
strong  nitric  acid  holding  in  solution  a  considerable  quantity  of  pernitric  oxide,  and  is 
a  much  more  powerful  oxidising  agent  than  the  stronff  colourless  add,  is  usually  prepared 
by  distilling  2  at.  saltpetre  with  1  at.  of  sulphuric  add,  so  as  to  obtein  a  residue  of  neutral 
sulphate  of  potassium  (p.  79),  a  considerable  portion  of  the  evolved  nitric  acid  being 
then  decomposed  by  the  high  degree  of  heat  to  which  the  materials  are  raised  towards 
the  end  of  the  process.  It  may,  however,  be  more  easily  obtained  by  using  the  ordi- 
nary proportions  of  the  ingrediente  ^1  at.  nitrate  to  1  at  sulphuric  add),  and  adding 
a  substance  capable  of  reducing  the  nitric  acid  to  the  state  of  nitrous  add  or  nitric 
peroxide :  the  red  add  is  then  obtained  from  the  very  beginning  of  the  process. 
Sulphur  may  be  used  for  this  purpose,  but  a  small  portion  of  the  sulphuric  add  formed 
by  ita  oxidation  generally  passes  over  with  the  nitric  acid,  and  must  afterwards  be 
removed  by  rectification.    The  following  is  a  better  method : — 

100  pts.  of  saltpetre  are  triturated  with  3^  pto.  of  starchy  and  the  mixture  is  intro- 
duced into  a  retort,  and  covered  with  100  pte.  of  sulphuric  add  of  specific  gravity  1*85. 
The  beak  of  the  retort  is  inserted,  without  luting,  into  a  fflass  tube  3  or  4  feet  long,  the 
farther  end  of  which  passes  into  an  ordinary  tubulated  receiver,  which  is  kept  very 
cool.  The  distillation  begins  without  external  application  of  heat,  requiring  only  very 
gentle  warming  towards  ue  end ;  100  pts.  of  saltpetre  yield  by  this  process  about  60 
pts.  of  deep  red  fuming  nitric  add.  It  is  best  to  ml  the  retort  only  to  about  one-third. 
(Brunner,  B^p.  Chim.  app.  iii.  188.) 

ProperHeB, — ^Fure  nitric  add  is  a  colourless,  transparent,  mobile  liquid,  of  specific 
gravity  1*52.  It  melts  at  —55^  into  a  buttery  mass.  It  boils  at  86^,  with  partial  de- 
composition, leaving  a  weaker  acid  behind.  Its  vapour-dendty  is  2*258  at  68*5^;  2*873 
at40*6®(Playfair8nd  Wanklyn,  Chem.  Soc.  J.  xv.  156) :  calc.  (2  vol.)  -  2*183. 
It  exerts  a  highly  corrosive  action  on  organic  bodies,  and  even  when  somewhat  diluted, 
stains  the  nitrogenous  tissues  of  a  bright  orange  colour.  In  the  presence  of  moist  air, 
nitric  add  gives  off  opaque  white  vapours  having  a  characteristic  odour  and  sour  taste. 
It  absorbs  water  from  the  air,  but  with  less  aviaity  than  sulphuric  add.  Ite  admixture 
with  water  is  accompanied  by  a  sensible  development  of  heat,  and  formation  of  a 
definite  sesqui-hydrate,  2HNO'.3H'0,  which  is  a  colourless  stronglv  add  liquid  having 
a  specific  gravi^  of  1*42,  conteining  60  per  cent,  of  nitric  anhydride  or  70  per  cent. 
HNO',  and  boiling  according  to  Millon  at  123°,  under  the  ordinary  atmospheric  pres- 
sure. '  Weaker  and  stronger  adds  are  alike  reduced  to  this  stete  of  hydration  by 
boiling,  the  weaker  adds  lodng  water  and  the  stronger  acids  the  elements  of  nitric 
anhydride.  Aecordins  to  Boscoe,  however  (Chem.  Soc  Qu.  J.  xiii.  150),  aqueous 
nitric  add,  which  bous  constantly  under  the  ordinaxy  pressure,  contains  68  per  cent. 
HNO*,  which  cannot  be  represented  by  any  simple  atomic  proportion ;  moreover,  as 
with  hydrochloric  add  (L  892)  and  other  adds,  the  composition  of  nitric  acid  of 
constant  boiling-point  varies  with  the  pressure  under  which  the  ebullition  takes  place. 
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Thbk  thawing  ike  ttnngtk  qfAqmeou$  Nttrie  add  aeeordiiig  to  iU  Speoifie  Oramhf  at 

16-60C.or600F.  (Up6> 


Speeiac 
graTity. 

100  pie.  bj 
weight. 

Specifle 
grarltj. 

100  pa.  by 

weight. 

Spedflc 
gnvltj. 

KiO*in 

SpeelSc 
grerltj. 

1*5000 

79700 

1-4189 

69-776 

1-2947 

39-860 

1-1403 

19-926 

1-4980 

78-903 

1-4147 

68-978 

1-2887 

89063 

1-1346 

19128 

1-4960 

78-106 

1-4107 

68-181 

1-2826 

88-266 

11286 

18-331 

1-4940 

77-309 

1-4066 

67-384 

1-2766 

87-469 

1-1227 

17-634 

1-4910 

76-612 

1-4023 

66-687 

1-2706 

36-662 

11168 

16737 

1-4880 

76-716 

1-3978 

66-790 

1-2644 

36-866 

11109 

16-940 

1-4860 

74-918 

1-3946 

64  905 

1-2683 

36-068 

11061 

16-143 

1-4820 

74121 

i-8882 

64196 

1-2623 

84-271 

10998 

14-846 

1-4790 

78-324 

1-3838 

63-399 

1-2462 

33-474 

1-0936 

13-649 

1-4760 

72-627 

1-3788 

62-602 

1-2402 

32-677 

10878 

12-762 

1-4730 

71-730 

1-3782 

61-806 

1-2341 

31-880 

1-0821 

11-966 

1-4700 

70-933 

1-3681 

61068 

1-2277 

81-083 

1-0764 

11-168 

1-4670 

70-136 

1-3630 

60-211 

1-2212 

30-286 

1-0708 

10-861 

1-4640 

69-339 

1-3679 

49-414 

1-2148 

29-489 

1-0661 

9-664 

1-4600 

68-642 

1-3629 

48-617 

1-2084 

28-692 

1-0696 

8767 

1-4670 

67-746 

1-3477 

47-820 

1-2019 

27-896 

1*0640 

7-970 

1-4630 

66-948 

1-3427 

47-023 

1-1968 

27-098 

1-0486 

7173 

1-4600 

66166 

1-3376 

46-226 

11896 

26-301 

1-0430 

6*376 

1-4460 

66-364 

1-3323 

46-429 

1-1838 

26-604 

1-0876 

6-679 

1-4424 

64-667 

1-3270 

44-682 

11770 

24-707 

1*0320 

4782 

1-4386 

63-760 

1-3216 

43-836 

11709 

23-900 

1*0267 

3-986 

1-4346 

62-963 

1*3163 

43-038 

11648 

23-113 

10212 

8188 

1-4306 

62166 

1-3110 

42-241 

11687 

22-316 

10169 

2-391 

1-4269 

61-369 

1-3066 

41-444 

1-1626 

21-619 

1*0106 

1-694 

1-4228 

60-672 

1*3001 

40-647 

1-1466 

20-722 

1*0068 

0797 

The  nnmbem  in  this  table  were  obtained  by  mixing  known  weights  of  water  and 
nitric  add  of  specific  grayity  1*600,  which  was  regarded  by  Ure  as  the  strongest  add 
corresponding  to  the  foimnla  HH).NH)*;  bat  as  the  true  speciilc  gnvitj  of  this  add  is 
1-62,  uie  numbers  probably  require  some  oorxection. 

Reactions, — Kitne  add,  espedally  when  heated,  is  a  most  fowtrfaL  oxidising  agent, 
and  acts  more  or  less  violently  on  all  the  solid  non-metaUic  elements,  oonyerting 
iodine,  sulpkur,  sdenium,  tetturium,  pkospiorus,  arsenie,  boron,  carbon,  and  eiUoon,  into 
iodic,  snlphnric,  selenions,  tellnzoos,  phosphorie,  arsenic,  boric,  carbonic^  and  siUdc 
adds  respectively ;  also  npon  all  metals  excepting  tantalum,  titaninm,  gold,  platinom, 
and  some  of  its  congeners.  Most  metals  are  converted  by  it  into  nitrates,  bnt  tin,  an- 
timony, and  tungsten,  when  heated  with  the  moderately  strong  add,  are  oxidised  into 
the  insolnble  stannic,  antimonic,  and  tnngstic  anhydrides.  Td.9  degree  of  reduction 
which  the  nitric  add  sustains  in  these  reactions  varies  acc^^ing  to  the  substance  acted 
upon,  and  according  to  the  strensth  and  temperature  of  the  add.  In  most  cases,  nitric 
oxide  is  set  firee,  ana  forms  red  nmes  of  nitric  peroxide  on  coming  in  contact  with  the 
air :  hence  nitric  add  may  ffenerallv  be  recogmsed  by  the  red  Amies  which  it  evolves 
on  coming  in  contact  wiu  metals  or  other  oxidable  bodies.  The  reaction  vrith 
copper  alrrad^  described  (p.  68),  may  be  regarded  as  typical  of  the  ordinary 
action  of  nitnc  add  on  metalB.  In  some  cases,  however,  other  opdes  of  nitrogen  are 
evolved.  Finely  divided  eharcoai,  drendied  with  strong  nitric  add,  at  a  tempera- 
tore  bdow  0^,  is  not  oxidised,  but  decomposes  the  nitric  add*  with  evolution  of 
nitric  peroxide  and  free  oxygen  (Schonbein).  BUver  and  pattadium  dissolved  in 
nitric  acid  without  heat,  liberating  nitrous  anhydride,  or  nitrous  add,  which  remains 
in  solntion,  so  that  the  reaction  takes  place  without  evolution  d  gas.  Nitrouft  an- 
hydride is  also  produced  when  arsewkms  anhydride  is  dissolved  in  niCife  add.  Zine, 
tin,  and  iron  dissolve  in  the  cold  dilute  add,  with  production  of  mtvous  ozide^  WO; 
but  if  a  stronger  add  ui  used,  or  the  temperature  rises,  nitric  oxide  is  evolved.  F^ 
nitrogen  also  occurs  among  the  products  of  the  violent  action  of  nitric  acid  on  several 
of  the  metals.  Thus,  when  copper  is  dissolved  in  moderately  strong  nitric  add,  at  an 
increased  temperature,  the  evolved  nitric  oxide  gas  is  contaminated  with  nitrogen ; 
whereas,  when  it  is  dissolved  in  weak  add,  at  a  low  temperature,  the  gas  is  contami- 
nated with  nitrous  oxide.    Nitrogen  is  also  set  free  when  strong  nitrie  add  is  decom- 
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posed  by  red-hot  disrooal.    The  acticn  on  sine,  tin,  nan,  and  eerenJ  oUmt  meteli,  it 
attended  with  fonnation  of  ammonia ;  thns : 

.  9HN0»  +  4Zzn     -     4ZznTW)«  +  8H»0  +  HW. 

Nitrie  add  oonTerts  orMfiites  into  arsenates,  ferr&us  into  ferric,  and  ttannotu  into 
stannic  salts.  In  the  concentrated  state,  it  rapiiUy  oxidises  wlphuraus  into  solphnrie 
acid,  and  stUphpdrio  add  into  water  and  pnre  solphnr ;  but  with  weak  nitric  add,  free 
from  nitrons  add,  this  action  is  Teny  fpradnal ;  indeed,  pnre  nitric  add  is  altogether  a 
less  powerM  ozidifler  than  that  which  contains  nitrons  add  or  nitrie  peroxide  in 
solution. 

Hydriodie  add  and  the  iodides  are  decomposed  by  nitric  add,  with  liberation  of 
iodine  and  nitric  oside : 

SHI  +  HNCP     -     2HK)  +  P  +  NO. 

Svdroeklorie  and  nitric  adds,  heated  together,  decompose  one  another,  yielding 
diohlozide  of  nitrosyl,  water,  and  free  chlorine : 

8Ha  +  HNO«    -    N0C1«  +  2HH)  +  CL 

Nitric  add  acts  with  great  energy  on  most  organio  bodies,  the  kind  of  action  Tazying 
acoordinff  to  the  str^gu  of  the  add  and  the  temperature.  Dilnte  or  moderately  strons 
nitric  aad  generally  exerts  an  oxidising  action,  especially  if  the  temperatmre  is  allowed 
to  rise,  the  final  products  being  in  most  cases  oxalic^  formic,  and  acetic  acids,  or  if  the 
action  be  pushed  to  the  utmost,  carbonic  anhydride  and  water :  picric  add  is  also  a 
frequent  ultimate  product ;  resinous  bodies  are  frequentiy  conyerted  by  nitric  add  into 
Buocinic  add.  The  intermediaterooducts  are  yeiy  numerous,  varying  according  to  the 
substance  acted  upon:  indi^  CH^NO,  yields  isatin  CH'NO*;  sugar  yields  susdiaric 
acid ;  gum  and  nrnk-sugar  yield  mudc  add :  oldc  add  yields  a  number  of  acids  of  the 
series&HM)*,  andO^-*0«(see  QiMUn'sHandbook.yii.  122).  The  strongest  pure  nitric 
add,  espedally  if  rise  of  temperature  be  preyented,  acts  for  the  most  part  in  a  different 
way,  displacing  one  or  two  atoms  of  hydro|^  in  the  compound,  and  introducing  an 
equal  number  at  atoms  of  nitryl,  NO',  in  their  place :  thus  with  benzene,  C^',  it  forms 
nitrobenzene,  C«H*(NO«) ;  with  phenol,  C»H«0 ;  nitrophenol,  C^»(NO»)0,  dmitro- 
phenol,  G^«(NO*)K),  and  trinitrophenol  or  picric  acid,  G*H>(N0*)H) ;  with  oeUulose, 
C«H'»0»,  it  forms  trinitro-cellulose,  C«H'(NO«)»0,  &c. 

The  industrial  uses  of  nitric  add  depend  upon  both  tiiese  modes  of  action.  It  is  the 
most  frequent  solvent  of  metals,  and  is  used  by  engravers  for  etching  designs  on  copper- 
plates ;  also  for  etching  on  steel  and  stone.  The  deansing  of  copper  and  bronze,  the 
refining  and  assaying  of  gold  and  silver,  the  preparation  of  the  nitntes  of  copper,  diver, 
and  mercury,  and  numerous  analytical  operations  connected  with  mann&ctures,  depend 
also  upon  the  oxididng  and  solvent  action  of  nitric  acid.  A  mixture  of  nitric  and 
hvdrochloric  adds  forms  aqua  reaia  or  niiro-fnuriaiic  acid,  used  for  dissolving  gold, 
puttimmi,  and  other  metals,  and  aHoys  not  attacked  by  nitric  add  alone.  The  prepa- 
ration of  oxalic  add  and  of  picric  acid,  now  extensivdv  used  as  a  yellow  dye  for  s&k, 
likewise  depends  upon  the  oxidising  action  of  nitric  ado.  This  last  substance  is  how- 
ever likewise  formed,  as  above  mentioned,  by  the  action  of  veiy  strong  nitric  acid  on 
phenol  or  carbolic  add,  which  is  an  action  of  substitution.  The  preparation  of  nitro- 
benzene for  the  manufiactare  of  aniline,  and  that  of  gun-cotton,  are  also  indostrial 
applications  of  nitric  add  of  daily  increasing  importance. 

Vltrates.  The  normal  nitrates  are  monometallic,  e,g.  nitrate  of  potasnum  KNO*, 
nitrate  of  copper  Cu'TTK)*,  nitrate  of  bismuth  Bi"77*0',  the  general  formula  being 
R(a)N"0^  or  B(n)0".nNK>*,  the  symbol  B(b)  denoting  an  ft-atomic  radide.  There 
are  also  bade  nitrates,  most  of  which  are  derivable  from  the  normal  nitrates  by 
addition  of  1  or  2  molecoles  of  oxide,  and  may  be  represented  by  the  general  formula 
Roi)*N-0«";  e,ff. 

Bade  nitrate  of  Mereurosom  vUbffSSO*  -*  HhgNO>.HhgHO 

Bade  nitrate  of  Mercnricnm  diig'NK)*    »  Hhg'7!T'0«.2Hhg''0 

•D    •     v_*      #T    ;i  «Pt»N«0«      -  Pb'TJK)«.2Pb''0 

Basic  mtrates  of  Lead         •        •        •      )  •  .     » ^^ 

<Pb«H«N«0«  -  Pb1TO«.Pb''HK)« 

Basic  nitrate  of  Bismnth     .  J    "^"l   -  Bi'"NK)»fi«0«. 

<arBiNO*) 

These  banc  nitrates  might  be  called,  orthonitrates,  being  related  to  the  normal 
nitrates  in  the  same  manner  as  the  orthophosphates,  B(a)P*0^,  to  the  metaphosphates, 
B(B)FK)^;  they  are,  however,  the  exceptional  salts,  whereas  amongst  the  salts  of 
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phosphoric  acid,  the  orthophosphates  are  the  ordinaiy,  and  the  metaphoaphates  the 
exceptional  salts. 

Occurrence  and  formation  of  Nitrates. — Several  nitrates  occnr  in  natnre.  Nitrate  of 
sodium,  or  cabic  nitre,  exists  in  distinct  layers  or  beds  beneath  the  superficial  soil  in 
many  parts  of  Chile  and  Pern.  Nitrate  of  potassinm,  or  prismatic  nitre,  occurs  as  an 
efflorescence  on  the  sur&oe  of  the  soil  in  Tarious  parts  of  India,  esjpecially  in  the 
district  of  Tirrhiit  in  Bengal.  Nitrate  of  calcium  is  produced  artificially  in  seveml 
countries  of  Europe  by  mixing  decomposing  yegetable  and  animal  matters  with  cinders, 
chalk,  mari,  &c,  moistening  the  masses  repeatedly  with  urine,  exposing  them  freely 
to  the  air  for  two  or  three  years,  and  lixiriating.  A  similar  formation  of  nitrates 
occurs  in  the  so-called  saltpetre  rot,  or  efflorescence  which  sometimes  occurs  upon  the 
old  walls  of  stables  and  otner  badly  drained  buildings.  Nitrates  are  formed  inlereTer 
nitrogemsed  organic  matters  in  contact  with  earthy  carbonates  or  other  bases  are  freely 
acted  upon  by  we  air.  Lumps  of  chalk  moistened  with  weak  ammonia  and  exposed  to 
the  air  haye  been  found  to  yield  nitrate  of  calcium ;  but  it  is  doubtful  whether  the 
production  of  ammonia  is  a  necessary  stage  in  the  process  of  nitrification.  The 
shallow  well-waters  of  towns  nearly  always  contain  nitrates,  from  contamination  with 
sewer  or  cesspool  draina^,  &c  But  many  natural  waters  obtained  from  strata  con- 
taining yery  little  oisanic  matter  haye  also  been  found  to  contain  nitrates.  Hence 
it  has  been  i^erred  that  these  salts  might  be  produced  directly  from  the  free  nitrogen 
and  oxygen  gases  dissolved  in  the  water,  the  porous  beds  through  which  it  filters 
serving  to  effect  the  combination  by  an  action  resembling  that  of  spongy  platinum.  It 
must  he  borne  in  mind,  however,  that  rain-water  always  contains  carbonate  and  nitrate 
of  ammonium,  and  that  these  ammoniacal  salts  may  be  the  real  sources  of  the  nitrates 
found  in  the  waters.  Nitrates  are  found  in  the  juices  of  plants,  particularly  in  those 
with  large  fleshy  tuberose  roots,  and  are  probably  acquired  from  the  soil  by  direct 
imbibition. 

The  nitrates  of  potassium  and  sodium  are  obtained  in  a  state  of  purity  by  frequently 
recnrstaUising  the  native  salts.  Nitrate  of  potassium  is  also  obtained  by  decomposing 
crude  nitrate  of  calcium  with  wood-ashes,  and  by  decomposing  nitrate  of  sodium  with 
chloride  of  potassium.  The  other  metallic  nitrates  are  prepared  by  dissolving  different 
metals,  their  hydrates,  oxides^  or  carbonates  in  aqueous  nitric  add,  and  ciystdlising  by 
evaporation. 

Properties, — ^Moet  nitrates  are  crystalline  salts.  The  normal  nitrates  are  all  soluble 
in  water ;  their  solutions  are  for  the  most  part  neutral,  and  have  a  cooling  saline  taste. 
The  crystallised  nitrates  of  ammonium,  potassium,  sodium,  barium,  strontium,  lead,  and 
silver  are  anhydrous ;  that  of  mercurosum  is  monohydrated,  Hhg'NO*.H'0 ;  those  of 
cadmium,  calcium,  and  probably  strontium  are  tetrahydrated,  e,g,  Cca''N'0'.4H'0 ; 
and  those  of  magnesium,  sdnc,  oobalty  nickel,  iron,  manganese,  copper,  and  uranyl,  hex- 
hydrated,  «.^.  Ccu"N*0«.6HK).  Copper  also  forms  a  trihydrated  salt,  Ccu'l^'O'.SH'O. 
Most  nitrates  fuse  readily,  and  all  decompose  when  strongly  heated.  The  nitrates  of 
the  highly  basylous  metals  at  first  give  off  nearly  pure  oxygen,  and  are  converted  into 
nitrites,  afterwards  a  mixture  of  oxygen  and  nitrogen  gases,  together  with  some 
nitsric  peroxide.  Other  nitrates,  which  decompose  at  a  lower  temperature,  those  of 
mercury,  lead,  and  silver,  for  instance,  evolve  a  mixture  of  nitric  peroxide  and  oxygen. 
A  few  still  more  easily  decomposible  hydrated  salts,  the  trinitrates  of  aluminium  and 
bismuth,  for  instance,  evolve  unaltered  nitric  acid.  Ignited  nitrate  of  silver  leaves  a 
residue  of  metallic  silver;  but  most  normal  nitrates  when  strongly  heated,  leave  residues 
of  oxide  anali^us  in  composition  to  original  salt ;  thus  cupric  nitrate,  Cu"N'0', 
leaves  cupric  oxide,  Cu^O ;  tri-nitrate  of  bismuth,  Bi"^*0',  leaves  trioxide  of  bismuth, 
Bi'^O* ;  ferrous  and  manganous  nitrates,  however,  leave  oxides  richer  in  oxygen  than 
those  which  correspond  to  the  original  salts,  viz.  Efe^O*  and  Mmn'O^  Nitrates  heated 
with  combustible  bodies  produce  a  more  or  less  violent  defiagration  or  explosion.  The 
acid-forming  bodies,  metallic  or  non-metallic,  when  defiagrated  with  nitre,  leave 
potassium-  or  sodium-salts  of  their  respective  acids ;  e,g.  selenium  i^ited  with  nitrate 
of  potassium  forms  selenate  of  potassium,  K^O^ ;  manganese  yields  manganate  of 
potassium,  Klifmn^O^ 

Beaeiions  serving  for  the  detection  of  Nitric  acid. — 1.  All  nitrates  are  decomposed  by 
stdphuric  acid,  with  liberation  of  nitric  acid,  the  fames  of  which  produce  a  purple  dis- 
coloration on  starch-paper  moistened  with  iodide  of  potassium. — 2.  In  contact  with 
metallic  copper  (wire  or  turnings)  the  nitric  acid  is  reduced  to  nitric  oxide,  which  forms 
orange-coloured  fames  in  the  vessel  above  the  liquid.— 3.  Sulphuric  add  to  which  a 
fra^ent  or  solution  of  a  nitrate  is  added,  acquires  the  property  of  bleachinff  indigo. — 
4.  When  a  solution  of  a  nitrate  is  mixed  in  a  test-tube  with  strong  sulphuric  ad^  the 
mixtore  left  to  cool,  and  a  strong  solution  of  ferrous  stdphate  or  chloride  continually 
poured  upon  it,  so  as  to  fioat  on  the  sur&ce,  Uie  iron  solution  quickly  acquires  a  dark- 
Drown  colour  arising  from  the  formation  of  the  compound  of  nitric  oxide  with  the 
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fenouB  Bait  already  mentioned  (p.  .69).  If  only  a  very  small  qnantity  of  nitnte  is 
present,  a  rose-oolonred,  purplieui-brown,  or  dark  brown  ring  is  Kurmed  at  the  stuhce 
of  contact  of  the  two  lianias.  This  reaction  is  esrtremely  delicate ;  in  applying  it, 
howeTer,  eaie  mnst  be  tsken  to  cool  the  liqnid  hdbre  ponringin  the  iron  solution, 
becanse  the  dark  brown  compound  is  decomposed  by  heat.,  nitric  oxide  being  evolved 
and  the  colour  destroyed. — 5.  When  a  solnaon  of  a  nitrate  is  mixed  with  a  few  drops 
of  fsrrocyanide  of  potassium,  then  with  a  small  quantity  of  hydrochloric  add,  the  Uquid 
heated  to  71^,  and  slightly  supersaturated  on  cooling  with  an  alkaline  carbonate, 
a  nitroferricyanide  of  alkali-metal  (ii.  260)  is  formed  and  the  filtered  liquid,  when 
mixed  with  a  few  drops  of  nUpkide  of  ammanium  or  other  alkaline  sulphide,  exhibits  a 
transient  purple  or  violet  colour  (E.  W.  D&^y*  Chem.  Gac.  1850,  p.  219). — 6.  Nitrates 
heated  with  excess  of  kydroehlorie  aeid  give  off  chlorine,  which  may  be  recognised  by  its 
odour  and  its  bleaching  powers;  also  by  the  power  which  the  solution  acquires  of 
dissolving  gold  leal 

7.  When  nitrate  of  potassium  or  sodium  is  heated  with  Mine,  water,  and  excess  of 
potash,  ammonia  is  evuved,  its  formation  arising  from  the  union  of  the  nitrogen  con- 
tained in  the  salt  with  the  hydrosen  evolved  by  the  action  of  the  sine  on  the  potash- 
solution.  This  method  does  not^  however,  eflfect  a  complete  decomposition  of  the  nitric 
add ;  and  if  applied  to  a  liquid  containing  only  small  quantities  of  that  add,  would 
not  eive  certain  indications.  But  it  may  he  greatly  fiunhtated  and  rendowd  complete, 
by  the  introduction  of  another  metal  not  acted  upon  by  the  potash,  so  as  to  Ibrm  a  vol- 
taic circuit.  Thus,  when  sine  and  iron  are  placed  together  in  a  moderately  strong 
solution  of  caustic  potash,  hydroffen  is  freely  disengaged,  even  without  the  application 
of  heat,  the  zinc  being  oxidised  and  the  hydro^n  evolved  at  the  snrfiuse  of  the 
iron.  A  similar  effiact  is  observed  if  platinum,  copper,  or  tin  be  substituted  for  the 
iron ;  but  with  these  metals  the  action  is  less  energetic.  The  addition  of  a  nitrate 
to  the  liquid  is  followed  by  an  immediate  evolution  of  ammonia.  To  apply  this 
reaction  to  the  detection  of  nitric  add,  the  liquid  to  be  examined  is  reduced 
to  a  small  bulk  and  poured  into  a  test-tube  containing  2  or  8  grammes  of  a  mixture 
of  granulated  zinc  and  dean  iron-filinosL  A  ebuSI  quantity  (5  or  6  cub.  cent)  of 
stronff  potash-solution  is  then  added,  and  the  whole  is  neated  to  boiling.  Ammonia 
may  then  be  detected  at  the  mouth  of  the  tube  by  its  usual  charaeten^  viz.  its  odour, 
its  alkaline  reaction,  and  the  formation  of  dense  white  ftames  when  a  rod  dipped  in 
dilute  hydroddoric  add  is  held  near  the  mouth  of  the  tube ;  6  milligrammes  oi  nitre 
thus  treated  eive  a  distinct  reaction  with  reddened  litmus.  The  delicacy  of  the  test 
may  be  great^  increased  by  the  use  of  potassto-iodide  of  mercwry  (the  solution  obtained 
by  adding  iodide  of  potassium  to  corrodve  sublimate  till  the  scarlet  predmtate  first 
formed  just  redissolves),  which  produces  a  red  or  brown  predpitete,  aooording  to  the 
quantity  of  ammonia  present  The  mixture  should  be  gently  heated,  and  the  evolved 
gases  passed  into  a  small  quantity  of  dilute  hydrochloric  add.  The  add  solution  is 
then  to  be  supersaturated  with  potash,  and  tested  with  a  drop  of  potasdo-iodide  of 
mercury ;  0*001,  0*0005,  and  even  O'OOOl  gramme  of  saltpetre  thus  treated  gives  a 
distinct  red  coloration  (A  Vernon  Harcourt^  Chem.  Soc.  J.  xv.  381).  Schulze 
(Chem.  Centralblatt,  No.  63)  proceeds  in  a  similar  manner,  but  uses  platinised  zinc  in 
place  of  the  mixture  of  zinc  and  iron. 

This  method,  which  may  be  used  also  for  the  quantitative  estimation  of  nitric  add 
(p.  89),  serves  to  distinguish  that  add  from  all  otners  excepting  nitrous  add. 

8.  Strong  nitric  add  converts  oA^no^  (or  carbolic  add)  into  reddish-brown  nitro-phe- 
nol.  To  apply  this  reaction  to  the  detection  of  nitric  acid,  1  -gt.  of  phenol  is  dissolved 
in  4  pts.  of  strong  sulphuric  add,  and  the  solution  is  diluted  with  2  pts.  of  water.  The 
substance  to  be  testeo,  if  in  solution,  is  evaporated  on  a  porcelain  crucible  or  its  cover, 
and  a  drop  or  two  of  the  phenyl-sulphuric  add  is  allowed  to  £bJ1  upon  it  at. a  tempera- 
ture of  about  100®.  If  nitric  acid  is  present,  a  reddish-brown  colour  is  immediately 
produced.  This  test  is  said  to  be  more  delicate  than  that  with  ferrous  sulphate, 
having  given  a  distinct  indication  of  the  presence  of  nitric  add  in  the  feddue  of  a  drop 
of  water  not  containing  more  than  0*000006  gramme  of  saltpetre,  whereas  four  such 
drops  were  not  sufficient  to  give  a  perceptible  indication  with  the  iron  test  If  organic 
matters,  or  compounds  of  chlorine,  bromine,  or  iodine  are  likewise  present,  from  which 
sulphuric  aeid  would  separate  carbon  or  the  haloi'ds,  it  is  best  to  add  a  dro^  or  two  of 
strong  ammonia  to  the  coloured  product,  when  the  haloids  will  be  dissolved  m  the  form 
of  colourless  salts,  and  the  carbon  will  remain  suspended  in  small  partides,  not  inter- 
fering with  the  recognition  of  the  characteristic  yellow  colour  of  nitrophenylate  of 
unmonium.    (H.  Sprengel,  Chem.  Soc.  J.  xvi.  396.) 

All  \hib  reactions  above  described  are  exhibited  by  nitrous  as  well  as  b^  nitric  acid, 
and  even  with  greater  fadlity,  for  the  nitrites  are  more  easily  decompoeible  than  the 
nitrates,  and  nitrous  add,  though  it  contains  less  oxy^n,  is  a  more  powerfhl  oxidising 
agent  than  nitric  acid.     The  nitrites  are  however  distinguished  from  nitrates  by  the 
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MactionB  already  daooibed  (p.  71).  Aooording  to  D.  Friea  (Ghom.  Soc.  J.  it.  251), 
nitric  add  free  from  nitrous  acid  does  not  decompose  iodide  of  potassium  or  piodaoe  a 
brown  ookoation  with  fenoos  salts,  or  daoolorise  indigo^  these  effects  being  produced 
only  after  a  portion  of  the  nitric  acid  has  been  reduced  to  nitrons  by  warming  with 
sulphuric  add.  The  reactions  with  indigo  and  hydrochloric  add  (8  and  0)  are  likewise 
produced  by  the  oxygen-saltB  of  ehknine^  bromine  and  iodine,  but  these  salts  are  easily 
oistiDgnished  from  nitrates  and  nitrites  hv  the  fact  that  they  leaye  when  i|;nited  a 
remdue  of  chloride,  bromide^  or  iodide  of  airrer;  also  hj  their  reaction  with  mtrate  of 
silrer,  and  many  others. 

QuanHUOiw  Jmdyiii  of  NUraUs.    EtHmaHon  of  Nitric  acid, 

L  Obatdcbtbzo  MsrHODS.  1.  By  neuirakaaiion  with  Baryta, — ^The  ouantity  of  free 
nitric  add  in  an  aqueous  solution  may  be  determined  hj  agitating  the  liquid  with 
carbonate  of  bsrium  till  the  add  is  oom^tel^  neutralised,  then  filtering,  eyaporating' 
to  diynees,  taking  care  not  to  heat  the  residue  too  strongly,  and  weiglung  the  dry 
nitrate  of  barium  thus  obtained.  100  parts  of  tlus  salt  correspond  to  41*39  parte 
N«0»,  and  48-28  parts  H«NK)«. 

Or,  the  solution  of  nitrate  of  barium  may  be  decomposed  by  sulphuric  add,  the  pre- 
dpitated  sulphate  of  barium  weighed,  and  the  equivalent  quantity  of  nitric  add 
thence  determined.      100  parts  Ba^SO^     -     4636  parts  N*0^  and  54-08  parts 

If  the  solution  of  nitric  acid  is  reiy  dilute,  so  that  it  deoomposea  carbonate  of 
barium  but  slowlv,  it  is  better  to  neutraliBe  with  bazyta-water,  Uien  pass  carbonio 
anhydride  through  the  liquid,  to  remoTe  any  excess  of  baryta,  filter,  and  treat  the 
filtered  solution  of  nitrate  of  barium  as  above. 

When  nitric  add  is  combined  with  a  base,  it  may  be  liberated  by  distilling  a 
solution  of  the  salt  with  sulj^huric  add,  in  the  proportion  of  at  least  1  at  sulphuric 
add  (H^SO^)  to  1  at.  of  the  nitrate.  The  mixture^  which  should  be  rather  dilute,  is 
distilled  from  a  tubulated  retort  into  a  receiver  provided  with  efiident  means  of  con- 
densation, the  distUlation  beine  carried  nearly  to  dryness.  After  the  reddue  has 
cooled,  more  water  is  added,  and  the  distillation  is  repeated  with  a  fresh  reoeiver. 
The  quantity  of  nitric  add  in  the  united  distillates  is  then  determined  by  neutralisation 
with  baryta,  as  before.  With  the  proportion  of  sulphuric  add  above  indicated,  and  a 
oondderable  quantity  of  water,  there  is  no  reason  to  fear  the  reduction  of  any  portion 
of  the  nitric  add  to  a  lower  oxide  of  nitrogen. 

The  residue  in  the  retort  serves  for  the  estimation  of  the  base.  In  the  case  of  the 
stronger  basest  via.  the  alkalis  and  alkaline  earths,  whose  sulphates  can  sustain  a  red 
heat  without  decomposition,  tiiis  reddue  may  be  heated  till  all  the  excess  of  sul- 
phuric add  is  driven  ofi^  the  expuldon  of  the  last  portions  being  fiidlitated  by  pladng 
a  piece  of  carbonate  of  ammonia  in  the  crudble.  A  neutral  sulphate  then  remains,  from 
wnieh  the  quantity  of  base  may  be  calculated,  and  this,  deducted  from  the  total  weight 
of  the  anhydrous  nitrate^  g&Tes  also  the  quantity  of  nitric  anhydride.  The  weaker 
bases  whose  sulphates  are  ^composed  by  ignition,  must  be  determined  by  predpitation 
in  the  manner  specially  adapted  to  each. 

The  following  methods  of  separating  nitric  add  from  bases  may  also  be  adopted  in 
particular  cases. 

Nitratee  whose  bases  are  predpitated  by  bazyta-water  and  are  insoluble  in  excess  of 
that  reagent,  may  be  analysed  by  boiling  them,  dther  in  the  solid  state  or  in  solution, 
with  excess  of  barytarwater,  then  filtering;,  removing  the  excess  of  baryta  by  carbonic 
anhydride,  and  determining  the  quantity  of  nitrate  of  barium  in  the  filtrate  as 
above. 

Some  nitrates,  as  those  of  lead,  copper,  bismuth,  &c,  may  be  decomposed  by 
sulphydric  add,  the  metal  being  predpitated  as  sulphide,  care  being  taken  to  dilute 
the  solution  and  not  to  use  a  large  excess  of  sulphydric  add :  otherwise  sulphur  may 
be  predpitated,  and  part  of  the  nitric  add  converted  into  ammoxua.  The  filtrate, 
containing  the  whole  of  the  nitric  and  a  small  quantity  of  sulphydric  add,  is  mixed 
with  baryta-water;  a  stream  of  carbonic  anhydride  is  then  pas^  through  it,  to  pre- 
cipitate the  excess  of  baryta  and  expel  the  sulphydric  add ;  the  liquid  again  filterod ; 
and  the  filtered  solution  cdf  nitrate  of  barium  treated  as  above. 

In  other  cases,  the  bases  may  be  predpitated  by  an  alkaline  sulphide,  best  with 
sulphide  of  barium.  The  liquid  filtered  from  the  predpitated  metaluc  sulphide  then 
contains  nitrate  of  barium  and  excess  ot  sulphide  of  banum,  and  may  be  treated  in  the 
manner  just  described. 

From  nitrate  of  barium,  the  base  may  be  predpitated  bv  sulphuric  acid ;  from  the 
nitrates  of  strontium  and  caldum,  by  sulphuric  add  ana  alcohol  The  filtrate  is 
neutralised  with  baryta-water,  and  the  nitric  acid  determined  as  above. 
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From  the  Ditrates  of  ammonium,  potssfdnm,  sodium,  lithitmi,  and  magnesinm, 
the  acid  is  most  easily  separated  by  distOlation  with  snlphoric  add,  as  already 
described. 

2.  By  the  loss  of  weight  sustained  by  Nitrates  on  ignition. — All  nitrates  are  decom- 
posed by  heat)  the  nitrt^n  being  wholly,  the  oxygen  sometimes  partly  and  sometimes 
wholy  expelled,  and  the  base  remaining  either  as  an  oxide  or  as  metaL  Silver,  pal- 
ladium, and  other  noble  metals  are  left  in  the  metallic  state  when  their  nitrates  are 
heated  to  redness ;  lead,  bismuth,  copper,  cadmium,  dnc,  nickel,  magnesium  and  one  or 
two  of  the  rarer  metals,  remain  as  protoxides,  M"0.  In  the  former  ease,  if  the  salt  is 
anhydrous,  the  loss  of  weight  sustained  on  ignition  consists  of  NH)*,  in  the  latter  of  NK)* ; 
but  in  many  cases,  as  with  the  proto-saits  of  iron,  cobalt^  and  manganese,  the  result  is 
complicated  by  the  formation  of  an  oxide  of  higher  degree  of  oxidation  than  that  which 
may  be  supposed  to  exist  in  the  original  salt.  The  nitrates  of  the  alkali-metals  and 
alkaline-earth-metals  part  with  the  whole  of  their  nitric  anhydride  when  rery  strongly 
ignitedi,  leaving  the  bases  UPO  or  M^O ;  but  these  bases  can  scarcely  be  prevented 
from  absorbing  small  quantities  of  carbonic  acid  from  the  air  during  the  process,  or  as 
they  oool ;  moreover,  they  attack  all  vessels  in  which  the  ignition  can  he  performed, 
uniting  partly  with  their  substance ;  hence  the  amount  of  acid  in  these  nitrates  cannot 
be  conveniently  determined  by  ignition. 

According  to  S  chaff  go  tsch,  the  amount  of  acid  in  a  nitrate  may  be  easily  deter- 
mined by  igniting  a  finely  pulverised  mixture  of  the  salt  with  anhydrous  borax  in  a 
platinum  crucible,  taking  care  to  raise  the  heat  gradually.  The  loss  of  weight  then 
gives  the  amount  of  nitnc  anhj^dride. 

Reich  (J.  pr.  Chem.  Ixxxiii.  262)  estimates  the  amount  of  nitric  acid  in  alkaline 
nitrates  by  igniting  them,  mixed  with  from  4  to  6  times  their  weight  of  pounded  , 
quarts;  the  loss  of  weight  then  also  gives  directly  the  quantity  of  anhydride,  N'O*. 

3.  By  conversion  of  nitrates  into  chlorides, — The  nitrates  of  the  alkali-metals  and 
alkaline-earth-metals  mav  be  converted  into  neutral  chlorides,  of  perfectly  definite 
composition,  by  igniting  uiem  in  a  covered  platinum  crucible  with  excess  of  chloride  of 
ammonium,  as  long  as  fnmes  of  sal-ammoniac  continue  to  escape,  the  operation  being 
repeated  till  t^e  weight  of  the  residual  chloride  becomes  constant.  Tne  quantity  of 
base  is  then  determined  by  calculation,  and  from  this,  the  quantity  of  nitric  acid  in  the 
salt. 

The  chlorides  of  most  of  the  heavy  metals  suffer  partial  decomposition  when  ignited, 
especially  in  contact  with  moisture. 

4.  By  the  action  o/Arsenious  anhydride, — ^Nitric  acid  converts  arsenious  into  arsenic 
anhydride,  according  to  the  equation, 

As«0»  +  2HN0«     «     As«0»  +  2HN0« 

Hence  for  every  molecule  of  arsenic  anhydride  produced,  two  molecules  of  nitric  acid 
(HNO')  must  be  decomposed.  To  apply  this  reaction  to  the  estimation  of  nitric  acid,  the 
salt  to  be  analysed  (which  must  not  contain  lime  or  phosphoric  add)  is  mixed  with  three 
times  its  weight  of  arsenious  anhydride ;  the  whole  dissolved  in  strong  hydrochloric 
add;  the  solution  evaporated  to  dryness;  ammonia  added  in  excess;  and  the  arsenic 
predpitated  by  addition  of  sal-ammoniac  and  sulphate  of  magnesium,  as  ammonio-mag- 

nesian  arseniate^  which,  when  dried  at  100°,  has  the  composition  (NH^)'Mmg'As^'.H*0. 
From  the  weight  of  this  salt,  the  amount  of  nitric  add  is  calculated  by  the  proportion, 

(NH<)"Mmg*As*0».H*0  :  2HN0*     «    880  :  126. 

Estimation  of  Water  in  Nitrates, — In  thehydrated  nitrates  of  the  stronger  bases,  the 
amount  of  water  is  easily  determined  by  heatiiig  them  to  100^,  the  water  being  then 
completely  expelled  without  any  loss  of  add.  But  the  nitrates  of  the  weaker  bases 
cannot  bear  this  temperature  without  decomposition,  and  in  these  the  water  must  be 
determined  at  the  same  time  as  the  nitrogen,  by  igniting  the  nitrate  in  a  combustion- 
tube,  at  the  open  end  of  which  is  placed  a  quantity  of  copper  turnings,  and  attaching 
to  the  combustion-tube  a  drying  tube  containing  chloride  of  caldum,  in  the  same  man- 
ner as  for  organic  analyses.  On  heating  the  tube,  the  water  and  nitric  anhydride  are 
driven  off;  the  water  collects  in  the  chloride  of  calcium  tube,  the  increase  of  weight 
of  which  determines  its  quantity ;  and  the  nitric  anhydride  is  reduced  by  the  red^ot 
copper  to  pure  nitrogen,  which  passes  on  and  may  be  collected  over  mercury  and 
measured. 

Separation  of  Nitrates  from  Chlorides, — ^All  chlorides  containing  metals  which  form 
insoluble  phosphates,  may  be  separated  from  nitrates  by  heating  the  solution  containing 
them  with  phosphate  of  silver.  A  trace  of  that  salt,  which  remains  in  solution,  may 
be  easily  determined,  and  in  some  cases  separated  by  means  of  alcohol.  Lassaigno 
has  employed  this  method  for  separating  the  chloridee  of  magnesium  and  caldum  fh>m 
the  corresponding  nitrates  in  well-waters. 
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In  aome  amen,  esriKmato  of  nlTsr  is  a  more  conTenient  precipitant  tlian  the  phoe- 
phate,  especially  for  separating  the  chlorides  of  the  alkaline  earui-metals  and  of  mag- 
nesinm  from  the  coRespondiiig  nitrates.  In  other  cases,  however,  the  carbonate  can- 
not be  need,  because  a  great  number  of  oxides  are  precipitated  by  it 

The  chlorides  of  the  alkali-metals  cannot  be  smrated  from  the  nitrates  by  this 
method,  because  the  phosphates  of  those  bases  are  soluble.  The  method  most  generally 
adopted  ibr  estimating  the  quantity  of  chlorides  contained  in  alkaline  nitrates,  especially 
in  crude  saltpetre,  is  to  precipitate  the  chlorine  by  nitmte  of  silver,  and  determine  its 
amount,  either  by  oollerting  and  weighing  the  precipitate,  ov  by  the  vohunetric  method 
with  chromate  of  potassium  (i.  266). 

IL  VoLTTXBTBic  scETHODS.  1.  By  netOraUsoiion.  See  AirAi.TSi8,  Voluxstbio 
(l  261). — If  sulphuric  add  is  the  standard  acid  used,  and  the  number  of  burette  divi- 
sions <^  the  standard  alkaline  solution  required  to  neutralise  equal  weights  of  the 
standard  sulphuric  acid  and  of  the  nitric  acid  to  be  tested,  are  denoted  by  p  and  p\ 
then  the  quantity  of  nitric  add  (HNO*)  contained  in  100  parts  by  weight  of  the  aad 
under  examination  is  given  by  the  Ibiimula 

*9       p  p 

If  ibr  example^  *  22  and  j>'  «.  60,  then  x  *  66*6,  or  100  grammes  of  the  add 
contain  b^'5  grammes  of  real  nitric  add.  The  percentage  of  nitric  anhydride  will  be 
found  by  substituting  64  ibr  63  in  the  preceding  formula. 

2.  Bp  the  oxidation  of  Ferrous  salts  (Pelouse's  process). — ^A  ferrous  salt  heated 
with  mtric  add  is  converted  into  a  ferric  salt)  with  evolution  of  nitric  oxide,  every 
8  at.  iron  (Ffe  »  66)  thus  further  oixidised  corresponding  to  1  at.  nitric  add  decom- 
posed: 

6FfeO  +  2HN0»     -     8Ffe«0»  +  2N0  +  H«0. 

A  quantity  of  jrare  iron  (harpdchord  wire),  more  than  can  be  converted  into  ferric 
oxide  by  the  nitnc  add  to  be  estimated,  ia  dissolved  in  excess  of  hydrochloric  add,  con- 
tained in  a  long^neeked  flask ;  a  known  weight  of  the  nitric  add  or  nitrate  to  be  tested  is 
then  added,  and  the  whole  boiled  till  the  liquid  acquires  a  dear  yellow  colour.  It  is  then 
diluted  with  water,  and  the  excess  of  iron  still  present  as  ferrous  salt  is  estimated  by 
means  of  a  standard  solution  of  permanganate  of  potassium,  as  described  under 
Analysis,  VoLuiiaTBic  (i.  2631 

This  process  ia  well  aidaptea  for  analysing  mixtures  of  sulphuric  and  nitric  adds 
used  in  the  manufiicture  of  gun-cotton,  for  mixtures  of  nitric  aad  with  water,  and  is 
much  used  for  the  valuation  of  saltpetre.  To  ensure  accuracy,  access  of  air  to  the  flask 
must  be  carefiilly  avoided,  as  the  nitric  oxide  which  is  ^nerated  would  be  thereby 
converted  into  a  higher  oxide  of  nitrogen,  and  thus  peroxidise  a  further  portion  of  the 
iron.  Other  sources  of  error  are  the  roduction  of  a  portion  of  the  permanffanic  add  by 
nitric  oxide  remaining  in  the  liquid,  and  the  escape  of  nitric  add  without  having  acted 
on  the  iron  solution.  To  obviate  these  sources  of  inaccuracy,  Fresenius  (Ann.  Ch. 
PharuL  cvi.  217)  recommends  the  following  method  of  operating.  A  long-necked 
tubuLited  retort,  having  a  capadty  of  about  200  cubic  centimetres,  oeing  placed  with 
its  neck  inclined  slightly  upwards,  about  1*6  grammes  of  pure  iron  wire  ia  introduced 
into  the  bulb,  and  from  30  to  40  cubic  centimetres  of  pure  fkxming  hydrochloric 
add  is  poured  in.  A  stream  of  hvdrogen  gas,  previously  washed  with  potash-ley,  is 
then  passed  into  the  retort  by  a  glass  tube  passing  through  the  tubulure,  and  entering 
the  retort  to  the  d^th  of  about  half-an-indi,  and  the  neck  of  the  retort  is  connected 
with  a  U-tube  containing  a  smidl  quantity  of  water.  The  bulb  of  the  retort  is  sunx 
in  a  water-bath,  and  heated  gentlv  till  the  iron  is  oompletdy  dissolved.  The  solution 
is  left  to  cool  in  the  current  of  hydrogen ;  the  current  is  then  strengthened,  and  a 
quantity  of  the  nitrate  to  be  tested  (not  exceeding  0*4  gramme  for  saltpetre)  bavins 
been  weighed  out  in  a  small  test-tube,  is  introduce,  together  with  the  tube,  throush 
the  neck  of  the  retort  into  the  bulb.  The  connection  of  tiie  neck  of  the  retort  with  the 
U-tube  is  then  restored ;  the  contents  are  heated  in  the  water-bath  fl>r  a  quarter  of 
an  hour;  the  retort  is  then  removed  from  the  water- bath,  and  heated  over  a  lamp 
to  brisk  ebullition,  till  the  solution,  which  is  at  first  dark-coloured  from  absorption 
of  nitric  oxide  gas^  has  acquired  the  light  brown  colour  of  ferric  chloride^  after 
which  the  boiling  is  continued  for  a  few  minutes  longer.  Care  must  be  taken  not  to 
allow  any  portion  of  the  salt  to  diy  on  the  sides  of  the  retort  Before  the  boiling  is 
arrested,  tne  stream  of  hydr^en  must  be  aocderat^d,  to  prevent  air  from  entering 
through  the  U-tube  as  the  boiSng  ceases.  The  solution,  after  cooling  in  the  current  of 
hydn^n,  is  largely  diluted  with  water,  and  the  quantity  of  iron  still  remaining  as  fer- 
rous salt  is  determined  by  means  of  permanganate  or  ehromate  of  potasdum. 

A  modification  of  this  process  proposed  by  0.  D.  Braun  (J.  pr.  Chem.  Ixxxi.  421) 
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oonttBtf  in  boiling  tl^e  nitrate  with  an  add  solution  of  fenoiis  chloride,  in  an  atmoa* 
pheire  of  carbonic  anhydride,  till  all  the  nitric  oxide  ia  drawn  oflj  then  wanning  the  bo- 
wtion  with  iodide  of  potaflsinm,  whereby  iodine  is  separated,  aooording  to  the  equation — 

FfeCl"  +  KI  -  JPfeCl«  +  KCl  +  I, 

and  esthnaling  the  liberated  iodine  by  meana  of  snlphuooB  add  or  hypoflnlphite  of 
sodium. 

BohiSnin^B  method, — ^This  method,  also  founded  on  the  redudnff  action  of  boiling 
hydzoehlono  add  and  ferrous  diloride  osa  nitrates,  consists  in  otmeeting  the  nitric 
oxide  erol^ed  in  the  reaction  over  milk  of  lime,  to  free  it  from  any  l^drochloric  add 
that  may  pass  over  with  it,  carefully  preserving  it  from  contact  of  air,  then  transferring 
it  into  another  vessel,  and  converting  it  into  nitric  add  by  mixing  it  with  oxygen  in 
a  vessel  containing  water ;  the  quantity  of  this  add  is  then  determined  volumetrically 
by  means  of  a  standard  solution  of  lime  in  sagar-water.  This  method  has  the  advan- 
tage of  not  beinff  affected  by  the  presence  of  ozganic  matter  — ^whidi  would  vitiate  the 
result  obtained  by  Pelouae's  process,  by  reducing  a  portion  of  the  permanflanic  add 
used  to  oxidise  the  ferrous  saU  and  making  the  amount  of  nitric  add  come  out 
too  smaU.  It  has  been  applied  by  Schlosing  to  the  determination  of  nitric  add  in 
tobacco;  but  it  is  difficult  of  execution,  and  not  generally  applicable.  (Chem.  Gas. 
1864,  p.  398.) 

8.  By  the  reducing  aetion  of  Mercury  (Crum,  Ann.  Ch.  Pharm.  Ixii.  238). — ^This 
method  resembles  the  last,  inasmuch  as  it  depends  on  the  collection  of  the  nitric  oxide 
evolved  in  the  reaction,  but  differs  from  it,  in  completing  the  determination  by  the 
direct  measurement  of  this  gas,  instead  of  by  its  reconversion  into  nitric  add.  A 
weighed  quantity  of  the  nitrate  is  introduced  into  a  graduate  glass  tube  filled  with 
merenry,  and  standing  over  mercniy ;  a  quantity  of  water  suffident  to  dissolve  the  salt 
is  then  passed  up^  and  lastly  a  large  excess  of  strone  sulphuric  add.  The  nitric  acid 
thus  set  free  is  nduoed  by  the  mercury  to  nitric  oxiae,  which  collects  at  the  top  of  the 
vessel,  the  decompodtion,  accelerated  by  occadonal  agitation,  being  complete  in  about 
two  hours.  The  level  of  the  solphuric  add  is  then  rrad  o£^  and  a  warm  concentrated 
solution  of  ferrous  sulphate  is  passed  up  to  the  top  of  the  liquid.  This  absorbs  the 
whole  of  the  nitric  oxide,  leaving  only  a  small  q^uantity  of  nitrocen,  arising  ftx>m  air 
left  in  the  tube.  The  volume  of  gas  absorbed  is  then  observed,  and  the  amount  of 
nitric  add  in  the  salt  thence  determined  by  calculation.  This  method,  which  gives 
exact  results,  has  been  applied  by  Crum  to  the  determination  of  nitric  acid,  not  omy  in 
saltpetre,  but  also  in  gun-cotton,  after  it  had  been  ascertained  that  the  presence  of  oiganio 
matter  did  not  interfere  with  the  liberation  of  the  nitric  oxide.  To  introduce  the  gun- 
cotton,  and  likewise  pulverulent  substances,  above  the  mercury,  Crum  endosesthem  in 
a  small  glass  tube.    J3.  Bose  recommends  wrapping  them  in  filtering  paper. 

4.  By  the  reducing  action  of  copper  at  a  rea  heat, — When  the  vapours  evolved  by 
igniting  a  nitrate  are  passed  over  red-hot  metallic  copper,  the  copper  takes  up  the 
whole  of  the  oxygen  and  liberates  the  nitrogen,  which  may  be  collected  and  measured 
over  mercuiy.  The  apparatus  used  and  the  mode  of  operating  are  the  same  as  in 
Dumas'  method  for  the  absolute  determination  of  nitrogen  in  organic  bodies  (see 
AiTALTSis,  OsoANic,i  242).  1  part  by  weight  of  nitrogen  corresponds  to  3*857  parts  NO*. 

If  the  nitrate  contains  water,  a  chloride  of  caldum  tube  must  be  inserted  between 
the  combustion-tube  and  the  gas-delivei^  tube.  ^ 

5,  By  conversion  into  Ammonia, — ^Nitric  add,  as  already  observed  (p.  84),  is  eon- 
verted,  by  the  action  of  nascent  hydrogen,  evolved  by  the  action  of  amc  on  dilute 
adds  or  on  solution  of  potash,  into  ammonia^  each  molecule  of  ammoniapfoduced 
corresponding  to  1  molecule  of  nitric  add :  HNO«  +  H"  -  im*  +  8HK).  The 
reaction  may  be  applied  in  various  ways  to  the  estimation  of  nitric  add. 

a.  Martin's  metnod, — The  salt  or  solution  containing  the  nitric  add  (after  bdng 
boiled  with  excess  of  potash,  to  expel  any  ammonia  that  may  be  piesentX  ^  treated 
with  washed  metallic  zinc  and  sulphuric  or  hydrochloric  add ;  and,  after  the  reaction 
is  finished,  the  liquid  is  distiUed  with  potash,  to  expel  the  ammonia^  which  is  either 
estimated  volumetricallv  by  means  of  a  standard  add  liquid,  or  received  in  a  bulb- 
apparatus  containing  hydrochloric  add,  and  subsequently  predpitated  by  platinio 
chloride.  A  considerable  miantity  of  zinc  must  be  used,  e^uid  to  at  least  four  times 
the  weight  of  the  nitric  add  to  be  estimated,  because  a  portion  of  the  hydrogen  always 
escapes  in  the  free  state  without  acting  on  the  nitric  add.  The  reaction  is  not  inter- 
ferea  with  by  tiie  presence  of  nitrogenous  Ofganic  bodies,  such  as  uric  add,  quinine, 
the  organic  matters  in  mineral  waters,  &c. 

b,  Harcourfs  method  (Chem.  Soc.  J.  xv.  883). — ^In  this  process^  the  hydrogen  is 
evolved  by  the  action  of  caustic  potash  solution  on  zinc  in  contact  with  iron  (p.  157). 
A  standard  solution  of  sulphuric  add  is  used  for  the  collection  and  det«mination  of 
the  ammonia,  the  excess  of  add  employed  being  finally  determined  by  means  of  a 
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standaid  solution  of  caostie  potash.  Or  ths  ammonia  majr  be  condeiised  in  hydro- 
chloric add  and  precipitated  by  chloride  of  platinum ;  but  the  Tolvmetrie  method  gives 
perfectly  exact  results.  The  result  is  not  afiected  by  the  presence  of  sulphate  of 
potassium  or  chloride  of  sodium. 

For  the  estimation  of  nitric  add  in  other  than  alkaline  nitrates,  it  is  sometimes 
ad-risable  to  separate  the  base  before  proceeding  to  determine  the  nitric  add  as  abore. 
Nitrate  of  banum,  when  directly  submitted  to  this  method  cf  analysis,  giyes  perfectly 
ffood  results;  but  nitrate  of  lead  showed  a  slight  defldency  in  the  amount  of  nitric  add, 
due  probably  to  an  action  of  dissolyed  oxide  of  lead  on  the  suifibce  of  the  sine. 

6.  By  reduction  to  NUrie  Oxide  and  subaemient  oonwrnon  of  thai  compound  into 
Ammonia. — ^The  oonrenion  of  the  nitric  add  into  nitric  oxide  is  ciflfected,  as  in  Pe- 
looae's  method  (p.  86\  lyy  boiling  the  solution  ot  the  nitrate  with  fenous  diloride 
and  free  hydrodoloric  add ;  and  the  nitric  oxide  is  oonyerted  into  ammonia,  dther 
W  passing  it  mixed  with  hydrogen  over  nlatinum-eponge  heated  nearly  to  redness 
(NO  -»•  H*  ■•  NH*  +  H*0),  by  which  method,  howeyer,  the  couTersion  into  ammonia 
is  completely  effected  only  when  the  quantity  of  nitric  oxide  present  is  Tezy  small, 
that  is  to  say,  when  onlj  a  small  quantity  of  nitrate  is  operated  on;  or,  secondly,  and 
more  eflfoctually,  by  passmg  the  nitric  oxide  mixed  with  sulphy dric  add  gas,  oyer  nearly 
red-hot  soda-lune : 

2N0  •¥  8H>S  +  2CcaO     -     2NH*   +  GcaSO^  +  CcaS*. 

In  dther  case,  each  molecule  of  ammonia  produced  corresponds  to  one  molecule  of 
nitric  oxide^  and  therefore  also  (p.  87)  to  one  molecule  of  mtric  add.  The  ammonia 
produced  b^  the  reaction  is  collected  in  an  absorption-apparatus  in  a  measured  quantity 
of  standard  sulphuric  add,  and  the  excess  of  add  used  is  determined  by  a  standard  alka- 
line solution.  This  process  was  deyised  especially  for  the  estimation  of  small  quantities 
of  nitric  add  existing  in  plants,  soils,  waters,  &c.  From  10  to  100  grammes  of  the  sab- 
stance  (or  of  the  lendue  obtained  by  eyaporating  the  water)  is  exhausted  with  boiling 
water,  and  the  concentrated  solution  is  treated  as  aboye  described.  (G.  Y ill e,  Oompt. 
rend.  xL  939  and  987.) 

7.  By  the  action  o/Stannoue  Chloride. — ^Each  at.  nitric  add  oonyerts  4  at.  stannous 
dJoride  into  stannic  chloride:  HNO*  +  4Sna*  +  8HC1  -  4SnCl«  +  NH>  +  3HK). 
—The  nitric  add  or  nitrate  is  heated  with  a  known  yolume  of  the  add  tin-solution 
in  a  sealed  tube  to  about  150^  for  ten  minutes,  and  the  remaining  stannous  chloride 
is  estimated  by  a  standard  solution  of  add  chromate  of  potassium.    (F  u  g  h. ) 

MetaiUe  Nitratee. 

NiTBATB  ov  ALUKiiriT7V.^-The  normdd  salt,  A11''77'0'.9H'0,  crystallises  from  a 
concentrated  solution  of  hydrate  of  aluminium  in  nitric  add,  in  oblique,  rhombic,  yery 
short  prisms,  which  melt  at  73^,  solidify  to  a  crystalline  mass  on  cooling,  deliquesce  in 
the  air,  and  dissolye  yery  easily  in  water  and  in  nitric  add.  Half  an  ounce  of  the 
pulyerised  crystals  mixed  with  an  equal  weight  of  add  carbonate  of  sodium  or  ammo- 
nium, produced,  on  solution  in  water,  a  fall  of  temperature  from.  + 10-6^  to  —23-3^ 
(Ordway,  Ann.  Ch.  Fharm.  Ixxri.  247;  seealso  Salm-Horstmar,  Jahresb.  1850, 
p.  301).  This  salt  treated  with  hydrate  of  aluminium  appears  to  ^eld  a  series  of  basic 
salts  analogous  to  the  basic  ferric  nitrates  (p.  94)  (Oraway).  ^erselius  obtained 
a  basic  nitrate  of  aluminium  in  the  form  of  a  pasty  mass  by  predpitating  the  neutral 
salt  with  ammonia 

NiTBATu  OF  AxxoNiviL  (NH^)NO'.  NUrum JUmmane.  (See  Amxoniacav. 
Salts,  i.  192.) 

KiTBATB  OF  Babiubl  BaNO*  or  Bba'TTO*.  Baryta^altpetre. — ^Prepared  by 
treating  the  solution  of  sulphide  of  barium  or  the  natiye  carbonate  (  Witherite)  with 
dilute  nitric  add,  or  by  predpitating  the  solution  of  the  sulphide  or  chloride  with  nitrate 
of  sodium.  It  crystallises  in  regular  octahedrons  and  combinations  of  that  form  wiUi 
others  of  the  regular  system,  especially  the  cube.  The  crystals  are  permanent  in 
the  air,  white,  transparent^  or  translucent^  haye  a  specific  grayity  of  3*1848  (Karst e  n), 
and  a  sharp,  saline,  bitter  taste ;  decrepitate  when  heated,  and  melt  at  a  comparatiyely 
low  temperature.  At  a  red  heat  the  salt  decomposes,  giying  off  oxyaren,  nitrogen,  and 
nitric  peroxide,  and  leaying  a  reddue  of  pure  baryta.  It  detonates  slightly  with  com- 
bustible bodies,  and  decomposes  with  a  yellowish  light  when  thrown  on  glowing  coals. 
It  dissolves  in  water  with  slight  depression  of  temperature.  1  pt.  of  the  salt  dissolyes 
in  20  pts.  water  at  O^^;  in  12*5  pts.  at  IS^';  in  6*9  pts.  at  46<^;  in  8*4  pta.  at  86<'; 
and  in  2*8  pts.  at  106®  TOay-Lussac).  According  to  Karsten,  it  dissolves  in  11*66 
pts.  water  at  20°,  forming  a  solution  of  spedflc  gravity  1*0678.  In  water  containing 
nitric  add  it  is  mack  less  soluble,  so  that  a  neutral  solution  from  which  nothing  wiU 
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crystalliBe  yields  an  additioiml  exop  of  eryBtala  on  addition  of  nitric  add:  henee  alao 
the  necesfli^  of  usin^  dilute  nitric  acid  in  preparing  the  salt  from  the  carbonatCi  &e.  In 
strong  nitnc  acid  it  is  quite  insoluble ;  a&o  in  alcohoL 

From  a  solution  cooled  to  between  12^  and  0^,  HirzeHZeitschr.f.  Phann.  1854, 
p.  49)  once  obtained  a  hydrated  salt  containiDgBba'^'0'.2HH). 

An  aeeto-nUraU  of  barium,  Bba''(N0*XC'H*0*).4HK),  is  obtained  by  diMolring 
acetate  of  barium  in  excess  of  the  nitmte,  and  crystaUises  from  the  mother-liquor  after 
the  excess  of  nitrate  has  separated,  in  laige,  rights  rhombic  prisms.  (Lucius,  Ann. 
Ch.  Pharm.  ciii.  113.) 

NztbatbsofBiskvts.  Thejior»Mi/saft;Bi'T!TO».6HK)orBi«O«.8NH)».10H*O, 
is  obtained  by  dissolving  the  pulverised  metal  or  the  oxide  or  carbonate  in  moderately 
strong  nitric  acid.  The  concentrated  solution,  which  corrodes  paper,  and  must  there- 
fore he  Altered  through  asbestos  or  pounded  gUss^  debits  the  salt  on  evaporation  in 
large  crystals,  which  are  veiy  deliqaeaoent^  extremely  caustic^  and  melt  in  their  water 
of  crystallisation  when  gently  heated. 

Basic  salts,—A  bismnth-nitante  having  the  oompoeition  2Bi"770«.H*0  -  ^q^  I O* 

or  Bi*0*.N'0*.HK),  is  obtained  by  heating  the  normal  salt  to  7S9  (Graham,  Ann.  Ch. 
Pharm.  xxix.  16),  to  150°  Gladstone  (Chem.  Soc.  Mem.  iii.  480).  According  to 
Buge  (Jahresb.  1862,  p.  163^  the  normal  salt  heated  for  a  certain  time  to  78^  leaves 

the  basic  Bait  Bi"TfO*jaNO»-^*™|o«  or  Bi«0».2NK)».HH) ;  but  if  it  be  kept  at 

that  temperature  till  it  no  longer  loses  weight,  the  residue  consists  of  2Bi'^0^HK). 

The  acid  solution  of  the  normal  salt  is  decomposed  by  water,  with  precipitation 
of  a  white  basic  salt  formerly  called  magistery  qf  tismtith.  The  composition  of  this 
precipitate  is  variously  stated  by  different  chemists,  and  appears  to  vary  according  to 
the  quantity  of  water  added,  and  the  len^|th  of  time  for  which  the  washing  is  con- 
tinued. According  to  Rug e  (loc.  cit)  it  consists  mainly  of  the  salt  Bi'^O^HK) 
or  Bi»0«.N»0».2H«0,  mixed  with  variable  quantities  of  Bi*0«.2BiN0^H«0  or 
2BiH)*.N'0^.HH),  the  ^portion  of  the  latter  mcreasing  with  the  quantity  of  wash- 
water  used.    (See  also  Handw.  d.  CheuL  vii.  176.) 

NiTBATB  OF  Cjbsium,  GbNO".    Boc  Gjiseuk  (l  1115). 

NiTBATB  OF  Cadmium.  CdN0«.2H«C  or  Ccd'W0«.4HK).— Tufts  of  needles  and 
prisms  which,  according  to  Meissner,  deliquesce  in  the  air,  dissolve  in  alcohol,  but  without 
colouring  the  flame.  According  to  Ordway  (Sill.  Am.  J.  [2]  xxvii.  14),  the  salt  melts 
at  59'6^,  boils  at  about  132^,  and  remains  clear  and  mobile  on  prolonged  boiling  till 
Jths  of  the  water  has  gone  off 

NiTBATB  OF  Calcium.  CaN0».2H*0  or  Cca'TJK)«4H»0.— This  salt  oocun  on 
many  parts  of  the  earth's  surface  where  the  conditions  are  favourable  to  the  formation 
of  nitric  acid,  and  calcium-salts  (especially  the  carbonate)  are  likewise  present.  In 
many  limestone  caverns,  thoseof  Kentucky  for  example,  it  takes  the  form  of  silky  efflores- 
cences of  a  white  or  grey  colour.  It  also  occurs  on  the  floors  and  walls  of  stables  and 
other  badly-drained  buildings  in  which  urine,  blood,  and  other  animal  matters  are  left 
to  putrefy.  From  the  soil  it  often  passes  into  well-water.  When  it  forms  on  walls  it 
causes  rapid  disintegration  of  the  mortar,  because,  being  very  soluble  and  deliq^uesoent, 
it  is  rapidly  carried  away  by  rain-water  and  atmospheric  moisture ;  hence  it  is  called 
the  saltpetre-rot  In  France,  Prussia,  and  other  countries  of  JSurope  it  is  formed 
artificially  in  saltpetre-plantations,  consisting  of  heaps  of  decomposing  vegetable 
and  animal  matter  mixed  with  cinders,  chalk,  marl,&c.,  which  are  frequently  moistened 
with  urine,  dunghill-water,  waste  soap-suds,  &c.  After  exposure  to  the  air  for  two  or 
three  years,  the  mass  is  lixiviated,  and  the  crude  liquor,  which  is  chiefly  a  solution  of 
nitrate  of  calcium,  mixed  however  with  the  nitrates  and  chlorides  of  potassium,  sodium 
and  magnesium,  is  treated  with  carbonate,  sulphate  or  chloride  of  potassium,  in  order 
to  convert  the  nitrate  of  calcium  into  nitrate  of  potassium  (see  Sichardson  and  WatUa 
Chemical  Technology^  voL  i.  pt.  4,  pp.  281 — 289). 

Pure  nitrate  ot  calcium  is  best  prepared  by  neutralising  nitric  add  with  lime  or 
carbonate  of  calcium.  The  solution,  when  evaporated  to  dryness,  leaves  the  anhydrous 
salt,  which  has  a  specific  gravity  of  2*472  (i^remers),  a  warm  bitter  taste,  dissolves 
easily  in  water  and  in  alcohol,  and  may  be  heated  to  incipient  fusion  without  decom- 
position. The  partially  decomposed  salt  is  phosphorescent  {Baldwin's  phosphorus). 
At  a  higher  temperature  it  is  decomposed,  giving  off  oxygen  and  nitric  peroxide.  It 
detonates  slightly  with  combustible  bodies. 

A  verv  strong  aqueous  solution  of  the  salt  crvstallises  with  difficulty  in  deliquescent 
six-sided  prisms  terminated  by  acute  pyrami(U — ^monoclinic  combinations,  according 
to  Dlari^iac — containing  Cca.'lPO'.iE.^ ;  according  to  Hitscherlich,  the  same  hydrate 
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u  nredpitated  as  a  ciTBtalline  powder  from  the  aqneoua  aolutaon  on  addition  of  nitiio 
acid.  Acoording  to  Ordway  {loe.  cit)  the  hydrated  salt  melts  at  44^,  but  if  heated 
somewhat  above  its  melting  point,  remains  liquid  till  it  has  cooled  down  to  the  ordinary 
temperature,  and  if  then  touched  with  a  crystal  of  the  same  salt,  solidifies  quickly, 
with  considerable  rise  of  temperature  and  contraction.  Its  specific  gravihr  at  15*5^,  is 
1*90  in  the  solid,  and  1*70  in  the  liquid  state.  The  fused  salt  b^ns  to  boll  at  132^,  and 
remains  dear  during  boiling  down,  till  about  one-third  of  the  water  has  gone  off,  and 
then  deposits  the  anhydrous  salt,  without  loss  of  acid.  The  anhydrous  salt  evolyes 
great  heat  on  combining  with  water. 

N iTXATBS  OF  Cbbiux.— a.  Cerous  nitrate,  CeN0».2H«0  or  Cce'W0«.4H'0,  is 
obtained  by  dissolring  oeroso-ceric  oxide  in  nitric  acid  in  presence  of  alcohol  or  some 
other  reducing  substance.  The  filtrate  eraporated  to  a  syrup  yields  the  salt  on  cool- 
ing, as  a  fiunt  rose-coloured  ciystaUine  mass,  which  gives  off  half  its  Water  at  160^ 
and  decomposes  at  200^.    (L.  J.  Lange,  J.  pr.  Chem.  Lczxii.  129.). 

Ammonw-emnu  fiitraU,  (NH«)N0'.Cce'^*0«.8H'0,  obtained  by  evaporating  a  mix- 
ture of  equal  parts  of  the  moderately  concentrated  solutions  of  the  component  salts, 
and  aystallisinff  over  lime  and  chloride  of  calcium,  is  colourless,  very  soluble  in  water 
and  alcohol,  and  deliquesces  in  moist  air.     (flolsmann,  J.  pr.  Chem.  Ixxxiv.  76.) 

A  mixture  of  cerous  nitrate  and  nitrate  of  potassium  concentrated  to  a  syrup 
and  then  left  over  oil  of  vitriol,  yields  small  crystals  of  potassio^eroua  nitrate,  which 
gave  in  one  analysis  results  agreeing  with  the  formula  4ENO*.3Gce'^K)'.4H'0, 
but  were  not  fbund  to  be  of  constant  composition  (Lange). — Magnesuhcerotu  nitrate, 
Mmgrt7K)*.Cceir>0«.8H'0,  is  obtained  on  adding  alcohol  to  the  mixed  solutions  of  its 
component  adts,  in  faint  rose-coloured  crystals,  soluble  in  water  and  in  alcohol ;  they 
give  off  3  at  water  at  110°,  and  the  rest  at  200°,  melting  at  the  same  time  (Lange). 
Aocordinff  toHolzmann,  this  salt  is  colourless  and  contains  only  6  at.  water.  The 
double  sfdts  of  cerous  nitrate  with  the  nitrates  of  manganese,  cobalt,  nickel,  and  zinc, 
are  similar  in  composition  (with  8  at.  water)  to  the  magnesium  salt,  and  crystallise 
very  easily  from  solutions  made  as  nearly  neutral  as  possible,  in  regular  six-sided 
tables ;  they  sometimes,  however,  exhibit  hemihedral  forms,  and  f^uentl^  have  three 
alternate  sides  longer  than  the  intermediate  ones.  The  manganese  salt  gives  off  4  at. 
water  at  160°.    (Lange.) 

Ceric  oxide  dissolves  slowly  in  nitric  add,  forming  a  reddish-fellow  liquid,  which 
leaves  on  evaporation  a  redduh-yellow  viscous  mass,  exhibiting  distinct  indications  of 
crystallisation.      It  absorbs  water  from  the  air,  and  leaves  when  ignited  a  ceroso-ceric 

oxide  which,  according  to  Ma^wgnAo.^  has  nearly  the  composition  dCce"0.2CceK)'. 
An  ammomo-eeroeo'cerie  nitrate,  ^^!?*|nH)".C^«0«.3H«0,  is  obtained  by  mix? 

ing  the  solutions  of  nitrate  of  ammonium  and  ceroso-ceric  nitrate  and  evaporating  over 
lime  and  chloride  of  caldum ;  it  forms  nodular  groups  of  very  deliquescent,  orange- 
red  dystals,  consisting  of  microscopic  six-sided  pnsms.    (Holzmann,  loc.  cit.) 

NiTBATBS  OF  Chboxixtk.  Normal  chromic  nitrate,  Ccr*0".3N*OM8HK)  or 
Ccr"*KK)'.9H*0,  is  obtained  by  dissolving  chromic  hydrate  in  nitric  add.  The  solution, 
which  is  blue  by  reflected,  red  by  transmitted  light,  dries  up  when  evaporated  to  a 
gummy  fissured  mass,  which  is  dark  green  both  by  transmitted  and  by  reflected  light, 
and  after  being  heated  over  the  water-bath  for  several  hours,  dissolves  onlv  partially  in 
water,  forming  a  brown  solution  (Hayes).  According  to  Ordwav  (Sill.  Am.  J.  [2] 
ix.  30 ;  xxvii.  14)  the  normal  salt  crystallises,  though  with  difficulty,  from  warm 
water,  in  purple  oblique  rhombic  prisms  containing  9  at.  water,  which  melt  at  37°  to  a 
green  liquid,  boiling  at  126*6°,  and  form  with  cold  water  a  purple  solution  which  turns 
green  when  heated. 

Basic  Salts, — Normal  chromic  nitrate  dissolves  chromic  hydrate,  the  solution  re- 
maining dear  till  it  contains  SCcr'O*  to  3NK)* ;  by  careful  addition  of  alkali,  two- 
thirds  of  the  add  may  be  withdrawn  without  produdng  permanent  turbidity.  The 
crystallised  normal  salt,  heated  over  the  water-bath  till  the  loss  of  weight  amounts  to 
39  per  cent,  leaves  a  dark  green  visdd  residue,  very  soluble  in  water,  and  consisting 
of  Ccr'0'.2N*0*.12H'0 ;  on  continuing  the  heat,  more  add  and  water  escape,  and  the 
spongy  residue  which  then  remains  dissolves  quickly  in  water,  forming  a  dark  brown 
solution  containing  chromate  and  nitrate  of  chromium  (Ordway,  Sill.  Am.  J.  [2] 
xxvL  197).  Aoco^ng  to  Siewert  (Ann.  Ch.  Pharm.  cxxvL  86),  the  saturated  so- 
lution of  chromic  oxide  in  cold  nitric  acid  contains  the  salt  Ccr'0*.2N^0* ;  and  the  hot 
saturated  solution  contains  the  salt  200^0*. 3N'0*.  From  the  latter,  ether-alcohol 
predpitates  chromic  hydrate,  while  blue  normal  chromic  nitrate  remains  in  solution. 

NiTBATB  OF  COBAX.T,  CoNO«.3H«0  or  Cco'Tf*0«.6H«0  (or  6H«0  according  to 
Millon)  fonns  red  prismatic  crystals  of  spedflc  gravity  1*83,  according  to  Bodeker, 
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which  melt  below  100^,  and  gire  off  water  at  higher  tempeiatniea,  the  oolonr  of  the 
liquid  **l>*ng«wg  £rom  vi61et-i«d  to  green,  and  finally  swell  up,  give  off  red  nitrons 
vaponrs,  .ima  leave  blade  oobaltoeo-cobaltic  oxide.  The  aqneons  solution  has  a  crimson 
ooUnir,  and  may  be  used  as  a  sympathetic  ink.  It  is  also  much  used  as  a  reagent  in 
blow-pipe  experiments  (L  213). 

A&UUTM&,  6CcoO.K*0*.6HH)  or  Coo'NK>*.8CooHK)*.2H*0,  is  formed  as  a  blue 
precipitate,  when  a  de-aerated  solution  of  the  normal  salt  is  treated  with  excess  of  am- 
monia out  of  contact  of  air.  After  washing  and  diyinff,  it  forms  a  green  powder, 
probably^  oontaininff  cobaltoso-cobaltic  hydrate.  (W inkelblech.) 

Ihe  nitrates  of  the  cobali^mmoniumB  have  been  ahready  described  (L  1062-1065). 

NiTBATBS  or  CoPFHS.  Normoi  cjMrio  tUtroU,  OvN(^  (x Ook^ 
by  dissolving-  metallic  copper,  cupric  oxidt^  or  cnprio  carbonate  in  dilute  nitric  add. 
The  solution  is  green  at  furst  (perhaps  from  admixture  of  cupric  nitrite,  and  becomes 
blae  only  after  standing  for  some  time.  From  the  blue  solution  at  temperatures  not 
below  20^^  (26^  according  to  Or  dway),  the  salt  is  deposited  in  dark  blue  prismatic  crys- 
ttda,  containing  Gcu''N*0'.3HK),  according  to  Graham,  Gladstone,  and  Ordway; 
4HK), according  to  Gerhardt  This  hydbrate  melts  atll4'5<',and  boils  at  170^  giving 
off  nitric  acid,  and  leaving  a  green  basic  salt  (Ordway).  At  lower  temperatures,  pale 
blue  prisms  are  deposited  containing  6  at  water :  they  effloresce  in  vacuo  over  oil  of 
vitriol,  giving  off  half  their  water,  melt  at  18^  (at  26*4^  acoordins  to  0  rdway),  and 
are  resolved  into  a  liquid  and  dystals  of  the  tri-hydrated  salt.  The  latter  decomposes 
at  66^  into  free  add  and  a  basic  salt  (Graham) : 

8(CculiTO«.3H»0)    -    Ccu«N«0«  +  4HN0*  +  7BP0. 

A    baste   cupric   nitrate,    SOcu'O.NKH.HH)      -      Ccu«N»0*.H«0      (Graham), 

4Ccu''O.N«0».8HK)  -  Ccu^O.Ccu^NW.SHK)  (Gerhardt),  is  formed  by  gently 
heating  the  normal  salt  (to  66^ — 300^),  or  by  boiling  its  solution  with  copper  or  cupric 
hydrate,  or  minng  it  with  a  small  quantity  of  alkali ;  also  by  treating  cupric  oxide  with 
strong  nitric  add,  even  in  excess.  It  is  a  green  powder,  insoluble  in  water,  soluble  in 
adds ;  it  bears  the  temperature  of  melting  lead  almost  without  decompodtion,  but  is 
decomposed  at  a  red  heat,  leaving  cupric  oxide ;  it  also  yields  cupric  oxiae  when  boiled 
with  potash  ^Proust).  According  to  Voffel  and  Keischauer  (Jahresb.  1859, 
p.  216),  the  salt  4Ccu''O.N*0*.3H*0  is  obtained  in  light,  iridescent^  greenish-blue  laminse, 
by  boiling  the  mixed  solutions  of  normal  cninic  nitoite  and  nitrite  of  potasdum,  or  the 
^rreen  liquid  obtained  by  passing  nitrous  add  gas  into  water  in  whidi  cupric  hydrate 
is  suspended. 

Di-amnumio-cuprie  nitrate,  Ccu''(KH^)'N*0",  crystallises  very  easHv  from  aqueous 
solution,  and  explodes  violently  when  the  solution  is  evaporated  by  heat  beyond  a  certain 
degree  of  concentration. 

Nitrate  of  Ammo-cuprammonium,  Ck*u'^'0'.4NH',  has  been  already  partially  des- 
cribed (ii  81).  According  to  Marignac  (Com^.  rend.  xlv.  650),  it  forms  rhombic 
crystals  with  the  predominating  faces  ooP,  ool^ao ,  Foo ,  and  angles  ooP  :  odP  —  122^ 
36';  ^00  :  j^oo  over  the  prindpal  axis  i-  116^  10';  twins  often  occur  with  oompodtion 
free  odPoo. 

TSitrjltu  of  Didtmiux,  BiKO*  or  Ddi"N*0«.— Eadly  soluble  in  water:  the 
solution  is  rose-red  when  dilute,  with  a  violet  tinge  when  concentrated :  a  syrupy  so- 
lution solidifies  on  cooling  to  a  deliquescent  mass  of  the  hydrated  sal^  which  mdts  and 
gives  off  its  water  when  heated  above  300^.  The  anhydrous  salt  dissolves  easily  in 
alcohol  of  96  per  cent.,  and  a  mixture  of  alcohol  and  ether,  but  is  insoluble  in  pure 
ether.  When  strongly  heated  it  gives  off  nitrous  vapours,  and  ultimately  leaves  a 
residue  of  brown  ^roxide  of  did^ium.  If  the  decompodtion  be  stopped  at  a  certain 
pdnt,  and  the  residue  treated  with  water,  there  remains  a  white  mass,  apparently  con- 
sisting of  a  bade  salt,  lSdi«NH)».Ddi''H*0».4H«0.  (Marignac,  An^  ^Hj.  Phys.  [8] 
xxxviil  148;  see  also  Hermann,  B^.  Ghim.  pure,  186>^  p.  63.) 

KiTBATS  OF  Ebbiux.  Permanent  in  the  air;  mostly  odlouriess,  sometimes 
dightly  reddish ;  forms  a  colourless  solution. 

NiTBATB  OF  GLUCIK01C,  2GNO».3HK)  or  Gg'TIK)«.8HK).— Obtained  by  de- 
composing the  sulphate  with  nitrate  of  barium,  as  a  difficultly  crvstallisable,  very 
ddiquescent  salt,  which  mdts  at  60^,  and  boils  at  140*6^,  remaining  dear  when  bailed 
down  till  the  thermometer  rises  to  160^,  and  fiuid  till  cooled  to  16° ;  the  fbsed  mass 
solidifies  rapidly  on  addition  of  strong  nitric  add.  When  heated  for  twentr  hours  in 
a  steam-bath,  it  left  a  thick  transparent  residue,  amounting  to  60  per  cent  of  its  weight, 
perfecUy  soluble  in  water,  and  consisting  of  Gg"N*0«.Gg"HH)>.2HK).  This  bade  salt  also 
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remains  diflsolTed  when  the  aqneons  Bolntion  of  the  nomiAl  nit  ia  treated  in  the  eold 
with  excess  of  carhonate  of  gmdnnm,  whereas,  on  hoiling,  the  whole  of  the  glndna  is 
precipitated  in  the  form  of  a  more  highly  basio  salt.    Bj  the  action  of  hydrate  of 

glacinnm,  the  normal  nitrate  may  be  oonverted  into  the  tzihosie  nitrate,  G^NH)*. 
(Ordway,  SilL  Am.  J.  [2]  zxW.  197 ;  zxriL  14.) 

NiTBATS  OF  Gold?  Fine  gold-leaf,  and  gold  recently  precipitated  by  fenons 
sulphate,  dissolves  in  fuming  nitric  add ;  but  the  solution  is  Terr  lustable,  being  de- 
composed even  by  agitation  with  water,  with  precipitation  of  anzic  oxide,  or  if  nitrons 
add  is  present,  of  metallic  gold.  Anzic  oadde  and  hydrate  likewise  dissolre  in  faming 
nitric  aicid,  finming  a  similar  solntion. 

N1TBA.TIB  or  Ibidaxmokit7X8  (see  iBUxroif-BASM,  Akxoxiacai.,  iii  824). 

NiTBATBS  OF  Ibon.  fl.  FerHe  NUraies^^The  normal  salt,  FeH)«.3N«0».18H«0 
or  FferjPCl^.9BH),  is  jMrepared  by  dissolving  metallic  iron  in  nitric  add  of  spedfio 
gravity  1*29,  tiU  theliqnid  nas  taken  np  about  10  per  cent  of  the  metal,  and  then  adding 
an  equal  volume  of  mtric  add  of  specific  gravity  1-43.  The  solution,  on  cooling,  de- 
posits the  salt  in  oblique  rhombic  prisms  of  spedfic  gravity  1*6835  at  20^,  colourless 
or  with  a  fitint  lavender^blue  tint,  sUffhtly  deliquescent,  very  soluble,  witJi  a  yellow- 
bro#n  colonr,  in  water,  vezy  slightly  somble  in  cold  nitric  add.  At  47*2^  they  melt 
to  a  deep  red  liquid,  which  remains  liquid  till  cooled  to  20^,  and  has  then  a  specific 
gravity  of  1*6712;  part  of  the  add  goes  off  at  100^ ;  the  liquid  boils  at  126^,  and 
eomplete  deoomposition  takes  place  at  a  red  heat  (Ordway,  loe.  eit.).  Hausmann 
(Ann.  Ch.  Pharm.  ^'**^''«'  109),  by  evaporating  the  red-brown  solution  of  iron  in 
nitric  add  to  a  syrup,  at  a  gentle  heat,  then  adding  half  the  volume  of  nitric  add,  and 
leaving  the  solution  to  erystcdlise,  obtained  prismatic  crystals  oontaminff  Ffe1T'0*.6H*0, 
and  melting  at  36^.  B.  Wildenstein  (J.  pr.  Chem.  Izxziv.  243)  obtained  the  same 
hydrate  in  limpid  cubic  crystals,  from  a  large  quantity  of  iron  mordant  containing  a 
very  small  quantity  of  free  add  (prepared  by  saturating  slightly  diluted  nitric  add 
witJi  iron,  and  evaporating  to  48°  or  50°  Baum^^. 

Bane  8alU. — Ordway  has  obtained  basic  ilerric  nitrates  containing  from  2,  3,  6, 
8,  12  to  24  molecules  <tf  ferric  oxide  to  3  at.  nitric  anhydride,  namely  oy  mixing  the 
solution  of  the  normal  salt  with  recently  predpitated  ferric  hydrate  in  various  pro- 
portions ;  they  are  all  soluble  in  water,  and  the  solutions  when  evaporated  yield  red 
mostly  deliquescent  powders.  The  solutions  have  a  deep  red  colour,  are  not  de- 
composed by  boiling  or  dilution,  but  when  saturated  with  ferric  oxide,  they  yield  a 
precipitate  of  that  oxide  on  addition  of  chloride  of  sodium,  sulphate  of  potasnum, 
chlonde  of  ammonium,  sulphate  of  sodium,  cuprio  sulphate,  &c.,  out  are  not  predpi- 
tated by  neutral  acetate  of  lead,  cupric  acetate,  or  aloohoL  Scheurei^-Kestner 
(Compt  rend,  xlvii.  927)  has  obtained  the  two  salts  2FfeH)'.NK)«.H0  and  Ffe*0*.NK)*. 
These,  as  well  as  the  normal  salt,  are  decomposed  by  water,  the  normal  salt  yielding 
2FfeH)'.N<0*.8H*0,  the  first  of  the  two  basic  salts  just  mentioned  yielding  3Ffe*0*.N*0«. 
2H<0,  and  the  second  4FfeW.NK)*.3HK>.  Hausmann,  by  evttporatmg  the  solution 
of  iron  in  nitric  add  to  a  syrup,  adding  half  the  volume  01  strong  nitric  add, 
and  teaving  the  solution  to  crystallise^  obtained  colourless  prisms  containing  Ffe^O*. 
dKK)*.]2HH).  By  mixinff  a  very  concentrated  solution  of  this  salt  with  water  till 
the  colour  became  reddish-yeUow,  then  boiling,  and  adding  nitric  add  after  cooling; 
an  odire-ooloured  predpitate  was  formed,  containing  8Ffe'0'.2N'0*.3H*0.  ot 
adding  a  very  large  quantity  of  water  to  a  highly  concentrated  and  slightly  add 
solution  of  the  nitrate,  an  ochre-coloured  predpitate  was  sometimes  formed,  containing 
86Ffe'0'.N'0*.48^0.  By  treating  iron  in  excess  with  nitric  add,  a  predpitate-  was 
obtained  having  the  composition  8Ffe*0'.N*0'.12HK>. 

i3.  F9rrie  Aceto- nitrates  {^ohfiUTBT-KentneTt  Ann.  ChPhys.  [3]  Ixiii.  422  ; 
B^p.  Ghim.  pure,  iv.  95). — These,  and  rimilar  salts  containing  chlorine  and  other 
monatomic  radidos  are  obtained: — 1.  By  leaving  mixtures  of  ferric  hydrate  and 
monatomie  adds  (nitric,  hydrochloric^  acetic^  &c.)  to  act  upon  one  another  for 
several  days  at  40°.— 2.  By  mixing  a  monatomic  add  with  a  very  concentrated 
solution  of  a  ferrous  salt,  or  with  the  dry  salt,  and  oxidising  the  mixture  with  nitric 
add.— 3.  By  the  mutual  action  of  the  component  salts,  e,g.  of  ferric  acetate  and  ferric 
nitzate.-*-4.  By  the  action  of  an  add  on  a  ferric  salt  containinj^  another  add. 

Fgrrio  Diaoeto^nitraie,  Ffe"'(C«HK)«)'(N0»).3H*0,  crystallises  in  slender  blood-red 
needles  or  right  rhombic  pnsms  of  considerable  size; — ferrio  aceto-diniirate, 
Ffe'*(C»H«0*XN0*)'.4H*0,     m   right    rhombic    prisms; — ferrio    tetraeeUMtitrate, 

#fe'(C*HH>«)«(N0«XH0).4HH),  in  hard,  shining,  red-brown,  right  rhombic  prisms;— 

ferrio  triaeeto^traU,  f  fe«(C«HH)«)^N0»XH0)*.2HK),  in  oblique  rhombic  prisms, 
resembling  ferricyanide  of  potassium. 


94         NITROGEN:  OXIDES  AND  OXYGEN- ACIDS. 

7.  Ferrous  nitrate,  Fe*O.N*0*  or  Ffe*N*0*.— Prepared  by  piecipitating  linToiis 
stilphate  with  an  equivalent  quantity  of  nitrate  of  barium,  and  evaporating  the  filtrate 
ip  vacao  over  oil  of  vitriol;  or  by  adding  sulphide  of  iron  to  cold  dilute  nitric  acid, 
and  evaporating  the  solution  in  Tacuo.  If  the  solution  were  evaporated  by  heat,  ferric 
salts  would  be  formed.  The  salt  is  likewise  obtained  by^  treating  iron  borings  or  filings 
wiUi  cold  dilute  nitric  acid,  nitrate  of  ammonium  being  formed  at  the  same  time,  and 
no  evolution  of  gas  taking  place : 

lOHNO*  +  Ffe*     -     4FfeTT»0«  +   (ira«)NO»  +   3H«0. 

The  solution  thus  obtained  may  be  heated  neariy  to  boiling  without  decomposition. 

According  toScheurer-Kestner  (Gompt  rend,  xlvii.  927),  nitric  acid  of  specific 
gravity  1*034  yields  with  iron  nothing  but  ferrous  nitrate  and  ammonia,  whereas  acid 
of  specific  gravity  1*073  yields  the  same  products  together  with  ferric  nitrate ;  and  acid 
of  specific  gravity  1*115  and  upwai^ds,  only  ferric  nitrate,  and  no  ammonia.  In  the 
latter  case,  the  solution  contains  basic  salts,  as  well  as  the  normal  salt,  and  in  greati^r 
proportion  as  the  add  was  more  concentrated. 

Ferrous  nitrate  crystallises  from  solution  after  some  time  in  four-sided  bevelled 
prisms,  haying  a  very  faint  greenish  colour  and  sharp  taste,  deliqueseent  and  Tery 
soluble  in  water. 

The  solution  of  iron  filings  in  cold  dilute  nitric  add  is  used  in  dyeing. 

N I T  B  A.  TB  o  ir  L  A  N  T  H  A  K  u  x,  LaKO*.  |HH)  0TLla'79K)'.3HK),  separates  from  a  s^py 
solution  in  larse  prismatic  crystals  whicn  deliquesce  in  the  air  and  dissolve  easily  in 
water  and  in  uoonoL  If  the  water  be  very  carefully  drawn  off  from  the  crystals,  the 
residual  anhydrous  salt  may  be  fused  without  decomposition,  but  if  the  temperature  be 
then  raised  above  the  melting-point,  a  small  quantity  of  nitric  add  goes  ofi;  and  the 
residual  basic  salt  solidifies  on  cooling  to  a  kind  of  enamel  which  almost  immediately 
afterwiu^  crumbles  to  a  bulky  white  powder,  and  witii  such  force  that  the  particles 
are  scattered  to  a  considerable  distance.  At  a  red  heat  the  salt  is  completely  decom- 
posed, leaving  a  residue  of  oxide  (Mosander).  The  hydrated  salt  melts  at  about 
40^  and  boils  at  about  120<'.    (Ordway.) 

Nitrates  op  Lbad.  The  normal  salt,  Pb«O.N*0*  orPpb'T^O*,  is  obtained  by 
dissolving  litharge  or  metallic  lead  at  the  boiling  heat,  in  slightly  diluted  nitric  add, 
which  should  be  fr«e  from  hydrochloric  and  sulphuric  adds.  The  neutral  nitrate  crys- 
tallises in  large  octahedrons,  with  the  secondary  fiices  of  the  cube,  sometimes  trans- 
parent, although  generally  white  and  opaque ;  spedfic  gravity  4*509  (Schro  der);  4*235 
(Buignet).  The  crystus  are  anhydrous ;  they  are  soluble  in  7^  times  their  weight  of 
cold,  and  in  a  much  smaller  quantity  of  hot  water.     (Mitscherlich.) 

According  toKremers  (Pogg.  Ann.  xdi.  499)  1  pt.  of  the  nitrate  of  lead  dissolves 
in  2*58  pts.  water  at  O^';  in  2*07  pts.  at  lO^*;  in  1*65  pts.  at  25^;  in  1*25  pts.  at  45^  *. 
in  0*99  pts.  at  65<^ ;  in  0*83  pts.  at  85^  ;  and  in  0*72  pts.  at  100^.  The  saturated  solu- 
tion boils  at  103*5^.  The  specific  gravities  at  17'6^  of  solutions  of  various  starengths 
are  as  follows  (Kremers,  Pogg.  Ann.  dii.  57 ;  dv.  133) : 


Weight  of  lalt  In  SpedBc  gravtty  of 
100  pU.  water.  lolntion. 

34*79  1*3816 

23*30  1*2274 

15-46  1*1415 


Weight  of  »«It  in  Specific  gravity  of 
100  pU.  water.  folution. 

11*60  11022 

7*78  10661 


See  also  Schiff  (Ann.  Ch.  Fharm.  ex.  75).  Nitrate  of  lead  is  insoluble  in  alcohol, 
and  in  Btronsnitrie  acid,  which  indeed  precipitates  it  from  aqueous  solution ;  soluble  in 
saturated  solutions  of  nitrate  0/ potassium  and  nitrate  of  barium,  (For  full  details  re- 
specting its  solubility  in  water  and  other  solvents,  see  Btoret's  Dictionary  of  Solubilities, 
p.  382.) 

Nitrate  of  lead  is  decomposed  at  an  indpient  red  heat,  yielding  a  mixture  of  oxygen 
gas  and  nitric  peroxide  (p.  76),  and  leaving  the  yellow  protoxide  of  lead  (iii.  549). 

Basic  salts.^The  dwlumbic  salt,  2F^h''0:NH>*  -  Ppb''OJ>pb'TTO«(Berselius) 
or  2Ppb''0.NK)».H»0  -  Ppb"HNO«  (Pelouze),  is  produced  by  boiling  the  normal  salt 
with  white  lead  and  water  (Pelouze),  or  1  pt.  of  the  normal  salt  with  1  pt.  lead  oxide 
and  water  (Chevreul),  or  by  treating  the  solution  of  the  normal  salt  with  a  quantity 
of  ammonium  not  snffident  to  throw  £>wn  all  the  lead  as  oxide.  It  crystallises  from 
the  hot  aqueous  solution  in  white  grains  or  nacreous  laminse  and  needles  having  a  sweet 
astringent  taste.  It  is  but  slightly  soluble  in  cold,  more  soluble  in  hot  water ;  accord- 
ing to  Pohl,  1  pt.  of  it  dissolves  in  5*15  pts.  water  at  19*2^. 

Triplumbic  nitrate,  3Ppb''0  JT«0*  or  Ppb«N*0«,  is  precipitated  with  |  at.  water 


0*JS?0,  obtained  by  diflsolTiiig  fioniiate  of  lead 
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(2Ppb*N*0'.3H'0^  on  treating  the  solution  of  the  normal  salt  witii  a  diffht  ezeoBS  of 
ammoniai  as  a  white  powder,  alightlysolnUe  in  pure  water  and  precipitated  by  addition 
of  many  aalta  which  do  not  dea>mpose  it.  The  same  salt  is  precipitated,  according  to 
A.  Vogel,  jiin.,  with  twice  the  preceding  quantity  of  water  (Ppb'N'O'.SHK)),  on 
adding  nitrate  of  potassinm  or  sodium  to  a  solution  of  basic  acetate  of  lead.  It  is 
sparingly  soluble  in  boiling  water,  crystallises  on  cooling  in  nodules  of  needle-shaped 
eiystalS)  and  gi^es  off  its  water  of  crystallisation  in  yacuo  at  206^. 

Sexplumhie  niiraie,  8Ppb''0.NK)*.H»0  -  PpVNH)».8Ppb''0.H«0,  is  obtained  by 
pceeiptating  the  nonnal  salt  with  excess  of  ammonia,  and  digesting  the  washed 
precipitate  with  Amwrntii*.    It  is  a  white  powder,  neaily  insoluble  in  water. 

PpbM 
FormO'nitrateo/Lead,   NO* 

(CHOyj 

in  a  hot  nsezly  saturated  solution  of  the  nitrate,  aystaUises  by  slow  cooling  in  large 
zhombis  plates,  permanent  in  the  air,  and  sparingly  soluble  in  water. 

PkospkO'nitrat$ofL€ad,^0^\o\BH:)  or  I^b''NK)«J»pVP«0».2HH),  is  ob- 

(POrJ 
tained  b^  adding  a  soluble  phosphate  to  excess  of  nitrate  of  lead,  as  a  crystalline  pre- 
cipitate, insoluble  in  water,  soluble  in  nitric  acid,  and  czystalHses  in  six-sided  plates 
derived  firom  an  oblique  rhombic  prism.      It  is  decomposed  by  boiling  water  into 
nitrate  and  orthophosphate  of  lead,  and  when  heated  to  redness  leares  a  residue  of  basic 

phosphate,  FpKOJPpb^O*.    (Gerhardt^  Ann.  Ch.  Pharm.  Lmii.  286.) 

NxTBATB  OF  LiTHivK,  IdNO*. — ^Thc  anhydrous  salt  erystallises  at  16^  in 
rhombic  prisms,  like  nitrate  of  potassium ;  of  specific  gravity  2*334,  according  to 
Kremers  (Fogg.  Ann.  xcii.  620);  according  to  Troost  (Ann.  Gh.  Phya  [3]  li.  134), 
in  rhombf^iedral  crystals,  B .  oB,  having  the  angle  of  the  terminal  edges  —  106^  40' ; 
npedfic  gravity  2*442.  Bdow  10<=>  the  hydrate,  2LiNO*.6HK),  oystallises  in  thin 
deliquescent  prisms  (Troost).  The  salt  dissolves  easily  in  water  and  in  alcohol; 
the  solutions  taste  lilce  saltpetre,  but  vezr  pungent.  The  spedfio  gravities  of  solutions 
containing  various  proportions  of  the  anhydrous  salt^  according  to  the  determinationa 
of  Kremers  (Pogg.  Ann.  cxiv.  41),  are  exhibited  in  the  following  table: — 


LINO* 
inlOOpCiL 
14-2 

SpacUle  gravis 
10769 

26-7 

11346 

40-6 

11930 

UKO> 

Specific  wrmfitf 

inlOOpto. 
67-6 

•tl9-8». 

1*2550 

77-4 

1*3154 

strata  of  lithium  easily  forms  super>saturated  solutions,  which  solidify  at  1^,  often 
in  masses  of  slender  needlesi  the  temperature  of  the  solution  rising  to  27^.  (Kre  m  er  s.) 

NiTBATi  OF  M1.QKB8IU1C,  MgN0'.3HK)  or  Mmg'*NK)*.6H'0.~This  salt  occurs  in 
the  mother-liquor  of  the  saltpetre-plantations,  and  was  detected  by  Berzelius  in  the 
well-waters  of  Stockholm.  It  is  prepared  by  dLssolving  MagneHa  alba  in  nitric  add, 
and  crystallises  from  the  concentrated  solution  in  deliquescent  rhombic  prisms  and 
needles  (monodinic  according  to  Marignac),  soluble  in  |  pt  cold  water  and  in  9  pts. 
alcohol  of  specific  ^▼i^  0*840,  less  soluble 'in  absolute  alcohol.  When  dried  over 
oil  of  vitriol,  they  give  off  4  at  water.  They  melt  when  heated,  and  at  the  temperature 
of  melting  lead  give  o£^  according  to  Graham  and  Ghodnew,  5  at.  water,  leaving 
the  monohydrated  salt,  Mmflf^H>'.H*0,  which,  at  a  still  higher  temperature,  gives  off 
the  rest  of  the  water  and  part  of  the  nitric  add,  leaving  the  trimagneiie  $alt^ 

Hmg'NK)*.  Einbrodt,  on  the  other  hand,  doubts  the  existence  of  the  mono- 
hydnited  salt,  inasmuch  as  he  finds  that  the  hex-hydrated  salt  begins  to  give  off 
nitric  add  before  it  has  parted  with  the  fifth  molecule  of  water. 

Nitrate  of  magnesium  forms  an  alooholate,  Mmg"N'0*  6C<H*0  (see  L  80). 

NiTALTS  OF  Manoanssb,  MnN0*.3H*0  or  Mmn''NK)*.6H'0.— White  bngi- 
tndinally-etriated  needles,  deliquescent,  and  soluble  in  alcohoL 

KiTBATSS  OF  MsBOUBT. — o.  Mercurie  nitrates. — When  mercuric  oxide  is 
dissolved  in  excess  of  nitric  add,  and  the  solution  is  evaporated  at  a  gentie  heat,  the 
normal  salt,  ^NC.H'O  or  Hbg'^H)«.2HK),  is  left  in  the  form  of  a  syrupy  liquid, 
which  retains  its  constitution  unaltered  for  several  months.  By  Airther  evaporation 
over  oil  of  vitriol,  it  yields  bulky  deliquescent  ciystals,  consisting  of  the  hydrate, 
2Hbg'TXH)^JHH>,  whidi  easily  give  up  a  portion  cf  their  add  {Handw.  d.  Clum.  vii. 
165).  According  to  G.  G.  Mitscherlich  (GmeUn*s  Handbook,  vi  74),  the  crystals 
obtuned  by  evaporating  the  add  solution  of  the  normal  salt  consist  of  the  basic 
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salt  Hhg''O.Hhg'19K)'.2H*0.  A  oonoentnted  solation  made  a«  neatral  af  poanble 
yields,  when  cooled  to  15^,  large  oolourleM  rhombic  plates  with  angles  oi  about 
67^  melting  at  6'60,  andhaTing Uie  composition Hhg'^K)'.8HH).  (Bitten,  Jahresb. 
1864,  p.  866.) 

Basic  BolU, — ^The  dear  liquid  obtained  by  fiisingthe  cryBtali  of  the  oetohydrate 
just  mentioned  deposits  the  salt  Hhg''0.Hhg^7*0'.dH'0,  in  short  oolouiless  needles, 
which  become  opaque  when  exposed  to  th^  air  and  white  by  contact  with  water.  Both 
this  salt  and  the  normal  salt    are  decomposed  by  water,  the    trimereune  salt, 

3Hhg^0.NK)*.HH)  or  Hfig'NH)*.H'0,  beinff  first  separated  as  a  white  pnlveralent  mass, 
and  afterwards  gradually  converted  into  red  mercuric  oxide.  The  trimnenric  salt  with 
1  at  water  is  likewise  produced  by  heating  either  of  the  preceding  salts  till  it  is  con- 
Teited  into  a  pulverulent  mass,  then  pulverising  it,  and  treating  it  seven  or  eight  times 
with  cold  water.     It  begins  to  give  off  water  at  about  120®  C.,  and  nitrous  fumes  at 

250®.  A  hexmercune  nitrate,  eHhg^O.NK)*  or  SHhg^O.HtgWO*,  is  obtained, 
according  to  Kane,  as  a  brick-rod  powder  by  boiling  the  trimercurie  salt  with  water. 

Normal  mercuric  nitrate  treated  with  ammonia  yields  a  number  of  nitrates  of  mer- 
curammoniums,  already  described  (iii  917,  920). 

Double  Salts  of  Mereurie  Nitrate,  a.  With  Mereurio  Oya$tide,— 
HhgXN0')K>^'.2HK>.— Produced,  aooording  to  Besfosse,  when  a  solution  of  mercuric 
nitrate  is  mixed  with  cyanide  of  potassium,  and  cijstallises  in  white  micaceous  scales. 

/5.  With  Mereurie  Iodide.  Hhg'TSrW.HhjgPrLouisvi41e,Bigel);  2Hhff"NX)«.Hhg''l« 
(Preuss). — Obtained  by  dissaving  the  iodide  in  a  boiling  solution  of  we  nitrate ;  or 
by  treating  mercurous  or  mercuric  iodide  with  nitric  acid.  White  nacreoua  scales  which 
are  decomposed  by  water  and  bv  alcohoL 

Another  iodonitrate,  HhgfN4*.2Hhg1*,  is  obtained,  aooordinff  to  Lie  big,  in  small 
red  aystals  on  mixing  a  boiling  solution  of  mercuric  nitrate  with  half  as  mnieh  iodide 
of  potassium  as  is  required  for  the  oomplete  separation  of  mercuric  iodide.  The  solu- 
tion flitted  firom  these  crystals,  mixed  with  a  little  nitric  add,  and  saturated  while 
warm  with  mercuric  iodide,  yields  after  some  days,  white  silky  needles  of  the  compound 
2Hhff'TJH)«.3Hhg1«. 

Afl  these  mercuric  iodonitrates  are  decomposed  hy  water,  the  iodide  smarating  and 
the  nitrate  dissolving.  When  heated,  ther^  melt,  give  off  nitrous  acid  and  a  subfimate 
of  mercuric  iodide,  and  leave  mercuric  oxide. 

7.  With  Iodide  of  aUver,  2Hhg'^0*.4AgI.HK).  Separates  from  a  solution  of 
silver-iodide  in  hot  aqueous  mercuric  nitzate,  in  slender  needles  which  are  decomposed 
by  water. 

Z.  With  Mereurio  Phosphate.  This  double  salt  is  formed  by  mixing  a  solution  of 
sodium-phosphate  with  excess  of  mercuric  nitrate. 

f.  With  Mercuric  Phosphide,  3(Hhg''NK)*.Hhff''0).Hhg^.  Produced  by  passing 
phosphoretted  hydro^n  gas  through  a  dilute  acid  solution  of  mercuric  nitrate.  After 
washing  with  water,  it  forms  a  veUow  powder,  which  must  be  dried  in  a  vacuum.  It 
detonates  with  great  violence  wnen  heated,  less  stronsly  by  percussion ;  also  in  chlorine 
gas,  TOobably  in  consequence  of  heat  developed  by  tne  <memical  action  which  ensues. 

C  With  Mercuric  Sulphate,  Hhg'77*0*.2ahg''S.  Sulphydric  acid  gas  passed  through 
a  solution  of  mercuric  nitrate  in  quantity  not  sufficient  for  oomplete  oecomposition  pro- 
duces a  white  precipitate  which  must  be>  washed  with  water,  and  then  <med ;  if  the 
washing  is  oontmued  beyond  a  certain  time,  the  compound  begins  to  decompose  and 
turn  yellowish.  An  excess  of  sulphydric  acid  converts  it  wholly  into  black  mercuric 
sulphide.  It  is  likewise  decomposed  and  blackened  by  aqueous  carbonate  of  potassium 
or  sodium.  Hot  nitric  acid  decomposes  it  with  formation  of  sulphuric  add. 
(H.  Bose.) 

Mercurous  Nitrates.  The  normal  salt,  HhffNO'.HK),  is  formed  bv  prolonged 
digestion  of  metallic  n^ercury  in  excess  with  oold  moderately  strong  nitne  add,  and 
separates  in  colourless  somewhat  efflorescent,  monodinic  crystals.  According  to 
Gerhardt  and  Marignac  (Jahresb.  1849,  p.  285^  the  same  salt  is  formed  when  the 
liquid  is  moderately  warmed ;  it  is  best  however  to  decant  the  solution  as  soon  as  the  . 
fint  violent  action  has  somewhat  subsided,  and  leave  the  still  add  liquid  to  crystallise 
by  cooling.  It  sometimes,  according  to  Gerhardt,  depodts  innsmatic  crystals  of  a  basic 
salt,  but  these,  if  left  in  the  liquid,  are  gradually  converted  into  the  normal  salt.  The 
latter  is  soluble  without  deoompodtion  in  a  small  quantity  of  water,  but  a  larger 
quantityoonverts  it  into  a  bade  salt.  When  heated  with  water  it  is  resolved  into 
nitric  peroxide  and  mercuric  oxide ;  HhgNO*  =  Hbg^O  +  NO'. 

Basic  salts. — The  above-mentioned  prismatic  crystals  which  sometimes  separate, 
according  to  Gerhardt,  from  the  solution  of  excess  of  mercury  in  warm  dilute  nitric 
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acid,  are  most  reidtlyobtamed,  aflootdingto  Matigiiac,  when  theoTitala  of  fche  nonnal 
■alt  are  wanned  in  their  mother-liquor,  in  contact  with  ezoess  of  merenij,  and  the  M^ln- 
tion  is  then  left  to  dystallise  by  cooling.  (The  following  basic  lalt  is  often  formed 
afc  the  same  tim^)  The  ciyBtala  are  eolonrless,  ehining,  non-effloreecent  prianu^ 
belonging  to  the  trimetric  ijstem.  Gerhardt  and  Marignac  obtained  the  same  results 
hj  the  analysis  of  these  oystals ;  nevertheless  tb^  are  r^rded  by  Gerhardt  as 
Hhg'0.4HhgN0*.HH),  and  by  Marignac  as  l^ff*0.6HhgN0*.H*0. 

Another  basic  mercurous  nitrate,  Hhg*0.2HhgNO*.H^O,~aoeOTding  to  Gerhardt, 
Hh8^.3HhgNO'.HH),->is  obtained  when  the  salt  prodneed  by  the  action  of  nitric 
peroodde  Taponr  on  merenzy  is  triturated  with  a  small  quanti^  of  water,  and  the  mix- 
ture then  heated  to  boilins ;  also  when  normal  mercurous  nitrate  is  suspended  in  water 
and  the  water  heated  to  Doiling ;  also,  according  to  Marignac,  when  the  solution  or 
mother^liquar  of  either  of  the  preoedip^  salts  is  boiled  for  seyeral  hours  with  excess  of 
mercury,  the  water  being  replaoed  as  it  eTaporates ;  or  when  the  crystals  of  either  of 
the  preceding  salts  are  left  to  stand  lor  severd  hours  in  contact  with  their  mother^ 
liquor  and  excess  ol  mercury.  The  crystals  are  tridinic,  perma.ent  in  the  air,  colour- 
leas,  hard  and  shining.  (Gerhardt,  Jahresbw  1847 — 48,  p.  447.— Marignac,  loc.  cit.) 

Lefort,  by  prolonged  digestion  of  mercury  in  excess  with  dilute  nitric  acid  at  40^ 
— 60^,  or  by  evaporating  tiie  product  of  the  action  of  strong  nitric  acid  on  excels  of 
mereuzy  to  dryness,  and  treating  the  residue  with  boiling  water,  obtained  a  salt  which 
formed  large  prismatic  crystals,  perhaps  identical  with  those  obtained  as  above  by 
Gerhardt  and  Marignac    Lefort^  however,  regards  them  as  Hhg'0.2Hh^NO'.2H*0. 

By  the  action  of  cold  water  on  the  preceding  salts,  GFerhardt  and  Mangnac  obtained 
a  light  yellow  powder  consisting  of  H^gH>.4HbgNO*.3HK),  as  previously  established  by 
Kane.  Gerharat  reoards  it  as  the  above-mentioned  tridinic  salt  in  the  amoxphous  state. 

Mitscherlich  has  described  another  salt,  Hhg'0.4HheNO'.3H*0,  which  is  perhaps 
identical  with  the  salt  Hhg>0.4HhgN0*.H*0,  obtained  b^  Gerhardt  (tnd.  sup.), 
Mitscherlich  obtained  it  by  leaving  cold  dilute  nitric  add  m  contact  with  excess  of 
mercury,  till  the  crystals  of  the  normal  salt  which  form  at  first,  dissolve  and  are 
replaced  by  others.  Crystals  of  difibrent  form,  but  of  the  same  composition  (there- 
fore dimorphous),  are  formed,  according  to  Mitscherlich,  wheo  the  normal  mercurous 
salt  is  warmed  with  mercurous  oxide  and  water  containing  a  little  nitric  add.  In  this 
way,  large  limpid  crystals  are  obtained  which  dissolve  in  a  small  quantity  of  water, 
but  are  decomposed  by  a  large  quantity,  either  cold  or  hot 

The  solution  of  mercurous  nitrate  is  pr6di>itated  by  ammonia,  vielding  a  black  pre- 
dpitate  of  ver^  variable  composition,  constituting  me  so-called  Mercurius  soltiilis 
Hahnemanm  (in.  920). 

Mercurous  nitrate  forms  double  salts  with  the  nitrates  of  barium,  strontium  and  lead. 

The  kad-mtt,  2Ppb1TO«.(Hh^0.2HhgNO«)  or  ||^I  |  ^^^^,  is  obtained,  according  to 

Stadeier,  on  mixing  a  moderately  concentrated  solution  of  mercurous  nitrate  with 
nitrate  of  lead,  as  a  white  heavy  predpitate  consisting  of  microscopic  octahedrons  with 
cubic  modification :  dilute  solutions  yield  it  in  larger  erystalB  having  an  adamantine 
lustre.  It  dissolves  without  alteration  in  boiling  nitric  add,  but  is  decomposed  by  pure 
water.    The  banum-  and  stronHum-taUs  are  similar  in  form  and  composition. 

Mereuroao-mercurio  m^ro^tf,  Hhg>0.2Hhg"0.K*0' or  Hhg^lO*,  is  formed  by  the 

Hhg") 
gradual  oxidation  of  mercurous  nitrate;  also  when  1  pt.  of  mercury  is  boiled  with 
1^  pt.  nitric  add  of  specific  gravity  1*2  till  eompletely  dissolved  (Witt^tock).  3i<s 
corobg  to  Gerhardt  (Jahreeber.  1849,  p.  285),  the  light  yellow  salt  which  covers  the 
hotter  parts  of  the  sides  of  the  vessd  in  which  mercurous  mtrate  is  evaporated,  consists 
of  this  mercuroso-mercuric  salt;  the  same  diemist  obtained  it,  with  evolution  of  nitric 
oxid<^  by  fusing  normal  mercurous  nitrateL 

NiTBATBS  OF  MoLTBDBVUV.— Afo^yMic  wUroU  is  obtained  in  solution  by  satu- 
rating nitric  add  with  molybdic  hjrdrate^  or  by  digesting  metallic  molybdenum  in 
dilute  nitric  add.  It  cannot  be  obtained  in  the  solid  state,  as  the  solution  when  con- 
centrated beyond  a  certain  point,  gives  off  nitric  oxide  and  leaves  molvbdic  add. 

Molyhdou$  rdtraU  is  obtamed  b^  dissolving  molvbdous  hydrate  id  mlute  nitric  add; 
if  the  hydrate  is  in  excess,  a  basic  salt  is  formed.  The  solutions  are  very  unstable 
and  quickly  decompose,  deponting  molybdic  add.     (B  e  r  s  e  1  i  u  s. ) 

Pierfnolybdie  nitrate  or  nUrate  of  Tnolybdic  add  is  obtained  by  dissolving  molybdic 
anhydride  in  nitric  add  (iii.  1037). 

KiTBATB  OF  NicBBL.    NiN0».3HH>  or  Nni''NH)«.6H«0.— Emerald-green,  dght- 
nded  prisms,— monodinic,  according  to  Marignac, — which  effloresce  in  dry  and  de* 
Vol.  IV.  H 
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Uqveflce  in  moist  mr,  disaolving  ia  2  ptB.  of  oold  water,  b1m6  in  aleohpl,  «nd  when 
heated  leave  a  yellowish-green  pnlTeiralent  bwio  salt^  then  peroxide^  and  finall/ 
protoxide  of  nickel. 

An  ammoniacal  nitraU  of  nickel,  Nni''NK><.4NH*.H<0  (or  2HK)  aeoording  to 
Nni-   )^, 
Laurent)    «    H'*      rn»   >>  deposited  in  octahedral  erystab,  from  a  warm  con- 

oentrated  solution  of  nickel  in  anunonia.  The  errstalB  when  ezpooed  to  the  air,  give 
off  ammonia  and  crumble  to  a  bluish-white  powder. — Thia  salt  unites  wifli  chloride 
of  niekel-ammoninm,  fonning  rather  large  asure-blue  octahedrons  of  the  double-salt, 
Nnr     )jj, 

(NO^y  )  ^ 

NiTBATS  OF  OsHiUM.  Os^N^O*. — Osmious  hjdzate  diaaolyei  with  gnen  colour 
in  cold  nitric  add,  and  the  saturated  solution  dries  up  on  evaporation  to  a  green 
transparent  Tarnish.    (Berzelius.) 

Ni'TBATB  OF  Palladium.  Pd'TTK)'. — Cold  nitric  acid  slowly  dissolves  palla- 
dium, without  evolution  of  nitric  oxide,  the  liquid  becoming  charged  with  nitrous  acid; 
if  the  liquid  is  warmed,  solution  takes  place  more  quicklv,  with  evolution  of  nitric 
oxide.  The  brown  solution  evaporated  to  a  syrup,  and  then  left  over  oil  of  vitriol, 
deposits  long  narrow  rhombic  pnsms,  of  brown-yellow  colour,  and  very  deliquescent 
From  a  dilute  solution,  the  whole  of  the  palladium  is  gradually  deposited  in  the  form 
of  a  basic  salt.  By  evaporation  between  100^  and  120°  also,  the  normal  salt  is 
almost  whollv  converted  into  a  basic  salt.  If  the  solution  is  evaporated  at  a  low  tem- 
perature, and  the  residual  salt  treated  with  water,  a  turbid  solution  is  obtained,  and  a 
basic  salt  remains  behind,  which  according  to  Fischer,  is  completely  converted  into 
oxide  by  heating  to  120^ — 130^.  For  the  basic  salt  precipitated  from  the  solution  of 
the  normal  salt  by  water  or  by  a  small  quantity  of  potaso,  Kane  gives  the  formula 
4Pd"O.NK)».4HK). 

The  nitrates  of  the  palladammoniums  will  be  described  under  Palladiitm-basbs, 

AiPIONIACAL. 

NjTBATBS  OF  Platikum.  Platinic  Nitrate,  PfTif'O*  or  Ppt'^N^O",  is 
obtained  by  dissolving  platinic  hydrate  in  nitric  acid,  or  better  by  decomposing  the 
sulphate  with  nitrate  of  barium,  or  by  mixing  the  chloride  with  nitrat«  of  potassium 
as  long  as  a  precipitate  is  thereby  produced,  a  third  of  the  platinum  present  being 
thereby  converted  into  platinic  nitrate.  The  decanted  dark  brown  liquid  yields  by 
evaporation,  a  mass  of  tne  thickness  of  honey,  which  aft«r  evaporation  to  dryness, 
dissolves  only  partially  in  water,  leaving  a  basic  salt. 

For  the  nitrates  of  the  platinammoniums,  see  Platinuh-basbs,  Amhontacal. 

Potaswh-platifde  nitrate. — ^When  caustic  potash  is  added  to  a  solution  of  platinic 
nitrate,  only  half  the  base  separates  as  hydrate,  the  TPst  as  a  l>asic  double  salt  of  much 
lighter  colour  than  the  hydrate.  Sodio^aiinie  nitrate  is  known  only  in  solution.  It 
is  formed  by  decomposing  sodio-platinic  chloride  with  hydrate  of  sodium,  at  a  heat 
below  redness,  washing  out  the  resulting  chloride  of  sodium  with  water,  and  dissolving 
the  residual  sodio-platinic  oxide  in  nitric  acid.  The  dark  yellow  solution  yields,  with 
nitrate  of  silver,  a  yellow  precipitate  soluble  in  nitric  acid.    (D o herein  er.) 

PlatinovB  nitrate. — ^Platinous  hydrate  dissolves  in  dilute  colourless  nitric  acid, 
and  the  green-brown  solution  dries  up  to  a  viscid,  greenish,  dark  brown  mass,  in  which 

Slatiuic  oxide  is  gradually  formed  at  the  expense  of  the  nitric  acid,  and  more  abun- 
antly  as  the  add  is  in  greater  excess.     (Berzelius.) 

Nitbatb  OF  PoTASsiUK.  KNO'.  Saltpetre,  Nitre,  PHsmoHc  Saltpetre,  Potash- 
nitre,  Nitrumjixvm. — This  salt  is  very  widely  difi\ised  as  a  natural  product,  occurring 
constantly,  though  in  small  proportion  onhr,  as  a  constituent  of  vegetable  soil,  and 
according  to  Boussingault  (Compt.  rena  xliv.  108-119)  of  spring  and  river  water. 
It  is  never  found  in  large  beds  like  nitrate  of  sodium ;  but  veins  of  it  occur  in  the 
sandstone  of  Bradford  County,  Pennsylvania  (Ellet,  Edinb.  Phil.  J.  Ivii.  367).  The 
chalk  and  other  recent  calcareous  formations  are  particularly  rich  in  sdtpetre.  On 
the  banks  of  the  Seine,  near  Boche-Guyon  and  Housseau,  there  are  several  caves 
which  are  used  as  stables ;  in  the  front  part  of  these  caves,  looking  towards  the  south, 
the  saltpetre  accumulates,  especially  durmg  the  summer  season,  and  in  such  quantity 
that  it  18  collected  several  times  in  a  year,  and  continually  reproduced.  Lavoisier  found 
in  the  earth  taken  from  the  cave  of  Fouqui^res,  3|  per  cent,  and  in  that  of  Mousseau,  6| 
per  cent  nitrate  of  potassium,  after  the  aqueous  extract  of  the  earth  had  been  tjreatpd 
nith  potash  to  convert  the  nitrates  of  calcium  and  magnesium  into  nitrate  of  potassium. 

The  saltpetre  caverns  of  Ceylon,  which  are  natural  caves  in  a  dolomitic  rock  con- 
taining fel^ar,  are  of  especial  importance.    Some  of  these  caves,  like  that  of  Boullat- 
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wellegode^  are  the  resort  of  lazge  flocks  of  bats^  whose  excrement  eoUects  in  them :  in 
otiiers,  as  in  that  of  Memoora,  there  are  none  of  these  animals.  Davy  found,  in  a 
specimen  of  rock  from  this  cave,  2'4  per  cent  nitrate  of  potassium,  07  nitrate  of  mag- 
nesium, 0*2  sulphate  of  ma^esium,  26*5  carbonate  of  calcium,  0*4  water,  and  60*8  of 
residue  insohibfe  in  dilute  nitric  acid,  and  consisting  of  quartz,  mica  and  talc  Similar 
caves  are  Icmnd  to  exist  on  the  coast  of  the  Adriatic^  in  Ital^  (Palo  di  Mofetta), 
in  Tennessee,  Kentucky,  on  the  Missouri  and  Crooked  Riven  in  North  America,  in 
Africa,  and  in  Teneiifi^. 

In  South  America,  and  in  some  districts  of  India,  Arabia,  Persia,  Spain,  and  Hun- 
gary, the  mode  of  oocurrenoe  of  saltpetre  is  somewhat  different  In  these  districts, 
nitrates  are  found  widely  disseminated  through  the  soil,  but  never  extending  to  any 
great  depth  below  the  surface,  not  lower,  indeed,  than  the  air  can  easily  penetrate. 
The  infifizadon  of  lain  and  dew  dissolves  these  saltan  and  the  sjlution  rising  to  the 
Bur£aice  by  capillary  action,  is  evaporated  by  the  action  of  the  sua  and  air,  and  forms 
an  efflorescence  on  the  sur&ce.  In  Bengalese  saltpetre  earth,  from  the  district  of 
Tirfa^t,  Davy  found  8*3  per  cent  nitrate  of  potassium,  3*7  nitrate  of  calcium,  0*8  sul- 
phate of  caleiuiii,  0*2  chloride  of  sodium,  36*0  carbonate  of  calcium  with  traces  of 
magnesium,  12*0  water  with  a  little  organic  matter,  and  40*0  matter  insoluble  in 
nitric  add.  The  soil  in  some  parta  of  Spain  is  also  impregnated  with  saltpetre,  as  in 
New  Castile,  Arragon,  Catalonui,  La  Mancha,  Granada,  &c. 

The  formation  of  nitric  acid  in  these  several  localities  is  in  all  probability  due  to 
the  oxidation  of  ammonia  (p.  83) ;  for  the  production  of  saltpetre  is  always  found  to 
take  place  most  abundantly  where  there  is  a  large  quantity  of  vegetable  or  animal 
matter  in  a  state  of  putrt'&ction,  or  where  the  air  eontaiins  a  considerable  quantity  of 
ammonia  resulting  from  such  decomposition.  Hence  it  is  that  the  quantity  of  sialt- 
petre  naturally  produced  in  tropical  climates  yeiy  far  exceeds  that  which  is  formed  in 
Europe,  the  luxuriant  vegetation  of  the  tropics  supplying  a  never-failing  source  of  am- 
monia, while  the  high  temperature  and  the  moisture  of  the  air  facilitate  its  oxidation. 
An  indispensable  condition,  however,  for  the  formation  of  nitrates  in  large  quantity,  is 
the  presence  of  alkaline  or  earthy  bases  to  fix  the  nitric  acid  as  soon  as  it  is  formed : 
in  the  absence  of  such  bases  indeed,  and  under  the  reducing  influence  of  organic  matter, 
nitric  acid  already  formed  may  be  reconverted  into  ammonia:  hence  Uie  non-pro- 
duction of  nitrates  in  dung-heaps,  where  earthy  matters  are  not  present 

This  theory  is  quite  in  aoeordance  with  the  conditions  which  are  found  essential  to 
the  artificial  production  of  saltpetre  in  temperate  climates,  as  in  the  saltpetre  plantations 
already  described  (p.  83),  these  condidona  being  an  abundant  supply  of  ammonia,  the 
presence  of  earthy  and  alkaline  bases,  free  access  of  air,  and  a  mean  temperature  not 
lower  than  16°— 20®. 

The  solution  obtained  by  lixiviating  the  aaltwa^re-^arth  thus  formed  consists,  as 
already  observed,  chiefly  of  the  nitrates  of  calcium  and  magnesium,  with  smaUer 
quantities  of  the  nitrates  of  potassium  and  sodium,  besides  alkaline  chlorides.  It  is 
treated  with  carbonate  of  potassium  (potashes)  to  convert  the  earthy  nitrates  into 
nitrate  of  potassium,  which  is  deposited  in  an  impure  state  from  the  filtered  solution 
by  crystallisation. 

Natural  saltpetre-earth  is  treated  in  a  similar  manner  with  wood-ashes,  when  the 
earthy  nitrates  predominate  in  it;  that  of  Bengal  however,  which  is  rich  in  nitrate  of 
potassium,  does  not  require  this  treatment,  the  saltpetre  being  extracted  from  it  merely 
by  lixiviation,  boiling  and  crystallisation. 

The  crude  salt^re  thus  obtained  is  contaminated  with  the  chlorides  of  potassium 
and  sodium  (sometimes  to  the  amount  of  2d  per  cent)  besides  organic  (so-called 
extractive)  matter.  To  remove  these  impurities,  which  are  exceedingly  objectionable 
in  all  the  applications  of  saltpetre,  whether  for  the  preparation  of  nitric  acid  or  the 
manufseture  of  gunpowder,  the  crude  saltpetre  is  subjected  to  a  refining  process. 

The  greater  part  of  the  chloride  of  sodium,  which  always  constitutes  the  greater 
part  of  the  impurities  present^  and  is  much  less  soluble  in  boiling  wat4>r  than  nitrate 
of  potassium,  is  separated  by  treating  the  crude  saltpetre  with  a  quantity  of  boiling 
water  sufficient  to  dissolve  the  whole  of  the  nitrate  of  potassium,  but  not  the  whole 
of  the  chloride  of  sodium.  Thus,  suppose  6,000  lbs.  of  the  crude  rait  containing 
6  per  cent  chloride  of  calcium  and  14  per  cent  chloride  of  sodium  to  be  treated  with 
12,000  lbs.  of  boiHng  water;  the  solution  wiU  then  take  place  in  the  following  manner: 


The  19,000  lbs.  of  water  are 

capable  of  diMolrlitg 

atlOOP: 


Chloride  of  potassium 
Chloride  of  sodium  . 
Nitrate  of  potassium  « 

6000 
H  2 


Ihi. 

ItM. 

360 

684 

840 

824 

4800 

4800 

.-^ 
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There  will  then  remain,  when  the  water  has  ceased  to  act,  840  —  824  »  616  Ib& 
of  chloride  of  Bodinm  nndisBolyed.  This  resdual  salt  is  scooped  out  of  the  pan,  and 
the  solution,  after  being  diluted  to  a  certain  extent,  is  boiled  with  glue,  to  coagulate 
the  extractive  matters  and  cause  them  to  rise  as  a  scum  to  the  sur&ce.  This  ^ving 
been  removed,  the  concentrated  solution  is  transferred  to  the  crystallising  pan,  in 
which  it  is  ledft  to  cool,  and  as  soon  as  erystallisation  begins,  the  liquid  is  constantly 
stirred,  so  as  to  prevent  the  formation  <^  larj^  eijstahi  (which  would  indose  consi- 
derable quantities  of  mother-lionor  in  their  cavities)  and  cause  the  nitnte  of  potassium 
to  separate  out  in  the  form  of  a  ciTStalUne  powder  called  talt^tre-fiour,  Bj  this 
means,  a  mass  of  minute  czystals  uf  nitrate  of  potassium  is  obtained,  merely  contami- 
nated with  adhering  mother-liquor,  which  is  easily  removed,  partly  by  draining,  and 
finally  by  washing  with  a  saturated  solution  of  pure  nitrate  of  potassium,  which,  though 
unable  to  take  up  any  more  of  that  salt,  is  still  capable  of  dissolving  the  alkaline 
chlorides  contained  in  the  adhering  mother-liquor.  It  then  only  remains  to  dry  the 
purified  saltpetre  by  heat. 

Production  of  Nitrate  of  Potauium  from  Chile  Saltpetre. — ^Nitrate  of  sodium  is 
easily  converted  into  nitrate  of  potassium  by  adding  it  to  a  hot  concentrated  solution 
of  carbonate  of  potassium.  An  immediate  precipitation  of  carbonate  of  sodium  takes 
place,  and  if  this  be  removed  as  long  as  it  continues  to  separate  on  further  evaporation, 
and  the  remaining  solution  left  to  cool  in  the  crystallising  pans,  aaltpetre-fUmr  is 
obtained,  which  merely  requires  washing  and  drying  as  above  described  to  render  it 
purR.  100  lbs.  of  nitrate  of  sodium  require^  according  to  the  purity  of  the  salt^  from 
80  to  100  lbs.  of  carbonate  of  ^tassium. 

This  mode  of  preparation  is  much  easier  than  those  already  described,  and  in 
localities  where  potash  is  not  too  expensive,  is  now  extensively  adopted.  The  chief 
difficulty  experienced  in  carrying  it  out  arises  from  the  presence  of  common  salt  in 
Chile  Butpetre:  for  if  mere  p^ash  be  added  than  is  required  to  decompose  the 
nitrate  of  sodium,  the  excess  decomposes  chloride  of  sodium  to  no  purpose ;  and  in  the 
contrary  case,  the  product  is  likely  to  be  contaminated  with  undecomposed  nitrate  of 
sodium.  The  beet  way  of  averting  this  inconvenience  is  to  purify  the  nitrate  of  sodium 
by  previous  crystallisation. 

SDme  mani^acturers  render  the  potash  caustic  by  means  of  lime  before  mixing  it 
with  the  nitrate  of  sodium,  and  after  keeping  the  mixed  solution  in  a  state  of  ebullition 
for  some  time,  leave  it  to  cool  slowlpr  in  a  doMd  vesseL  Nitrate  of  potassium  then  czys- 
tallisee  out,  and  caustic  soda  remains  in  solution. 

In  Belffium,  large  quantities  of  saltpetre  are  obtained  by  decomposing  nitrate  of 
sodium  with  potash  obtained  from  the  ashes  of  the  beet-root  sugar  manufi^ure.  The 
nitrate  of  potassium  from  this  source  is  very  pure,  and  is  produced  at  a  very  low  price. 

Nitrate  of  sodium  may  also  be  converted  into  nitrate  of  potassium  by  double  decom- 
position with  chloride  of  potassium  in  equivalent  proportions  (74*7  pts.  KCl  to  85  pts. 
of  NaNC).  On  evaporating  the  mixed  solution,  chloride  of  sodium  separates  out  firsts 
while  nitrate  of  potassium  remains  in  the  mother-liquor,  and  crystallises  on  cooling. 

Properties — ^Nitrate  of  potassium  is  dimorphous.  It  usually  crystallises  from  con- 
centrated aqueous  solution  m  long  six-sided  prisms  belonging  to  the  trimetric  system,  and 
frequently  CThibiting  the  combination  ooP.  od^oo  .  2^oo  .Foo  .  P  (fig.  268,  Obtbtaixo- 
OBAPHT,  ii.  147),  or  the  same  without  f  oo  ;  also  without  P.  The  combinations  P  .  2l^ae  • 
ooP  .  ool^oo ,  and  P  .  2l^ao  likewise  occur.  Batio  of  axes  ai  b'.o  «  0-589  :  1  : 
0*701.  P  :  P  in  the  brachydiagonal  principal  section  »  ISl^'  27';  (maer.)  -  91<>  29'; 
(basal)  =  108<>  12' ;  ooP  :  ooP  -  Ol^O';  Poo  :  too  (basal)  -  70<>4';  2foo  :  J^oo 
(basal)  —  109.  Cleavage  imperfect  parallel  to  odP  ;  somewhat  easier  parallel  to  Poo . 
Specific  gravity,  -  2*11  (Kopp)  ;  2*1006  (Karsten) ;  2*100  (Schiff);  2*086 
(Schroder).  The  crystals  are  anhydrous,  but  often  contain  mother-liquor  inclosed 
in  their  cavities.  Nitrate  of  potassium  aliw  crystallises  in  rhombohedral  forms  resem- 
bling ordinary  calcspar.  Frankenheim  (Pogg.  Ann.  xcii.  354 )  observed  that  when  a 
drop  of  saltpetre  solution  is  left  to  evaporate  under  the  microscope,  rhombohedral 
crystals  make  their  appearance,  together  with  the  ordinary  prismatic  crystals ;  if  the 
evaporation  takes  place  very  slowly,  the  crystals  are  almost  wholly  rhombohedral,  and 
these  if  touched  with  a  prismatic  crystal,  immediately  become  turbid  and  are  converted 
into  a  mass  of  prismatic  crystals.  On  Uie  other  hand  a  prismatic  crystal  of  saltpetre 
may  be  converted  into  a  mass  of  rhombohedral  crystals  by  heating  it  nearly  to  its 
melting  point.  AH  these  phenomena  may  be  very  distinctly  observed  by  means  of 
the  polarising  microscope. 

Nitrate  of  potassium  is  white,  inodorous,  and  has  a  cooling  bitter  taste.  When 
perfectly  pure  it  dissolves,  according  to  Gay-  Lussac,  in  7i  pts.  water  at  0^,  in  nearly 
3^  pts.  at  18^  in  \\  pL  at  45°,  in  less'  ttia«i  J  pt.  at  90^  and  in  0*4  pt.  at  100°. 
According  to  H.  Schiff  (Ann.  Gh.  Pharm.  cvij.  293)  the  specific  gisviUes  of  aqueous 
iolations  of  nitrate  of  potassium  of  various  stnmgths  are  as  follows : 
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weight  olKMO* 

in  100  pU.  of 

•olonoQ. 

24-98 

16-62 

1108 


of  iduUoQ 

11683 
1-1078 
1-0695 


Wolgfat  of  KNO> 

Spedfle  gravHr 

in  100  pea.  of 
•olntloo. 

of  ■*»!■«*««"' 

atSI^ 

8-81 

10510 

6-64 

1-0887 

2-77 

10170 

Aeeording  toKremers  ( Jahieob.  1861,  p.  61),  the  speeiile  grftritj  at  19-5°  of  solntion 
of  saltpetre  containiDg  12*7  per  cent  of  saltpetre,  is  1*0695;  of  a  23*7  per  cent. 
Bolation,  1*1275.  It  is  sparingly  soluble  in  aqueous  alcohol,  quite  insoluble  in  absolute 
aloohoL — Schiff  {ibid,  p.  87)  has  made  the  following  determinations  of  the  solubility 
of  nitrate  of  potassium  in  spirits  of  wine  of  various  strengths : 

Wdght  of  uhydraat 
aloobolln  100  pU. 
oftpirtt. 
40 
50 


Weight  of  ttilurdroiu 

aleoiiol  la  100  pto. 

of  spirit. 

0 

10        . 
20 
80 


Wolght  of  KNO> 

in  100  pU.  of  solution 

•tturated  «t  15^. 

20*5 
18*2 

8-5 

5*6 


60 
80 


Weight  of  KNQS  in 

100pts.ofiolutioa 

Mtorated  at  16^. 

4*3 

2*8 

1-7 

0-4 


(See  fiuther,  Horn's  DieHtmary  of  SoltUdHHeB,  p.  889.) 

Nitrate  of  potassium  melts  below  a  red  heat  without  loss  to  a  oolonrless  liquid,  which 
solidifies  on  cooling  to  a  white  opaque  fibrous  mass  called  in  commerce  Mineral 
crystal,  Nitrum  iainUatum,  SalprunaUB;  the  commercial  product  often  however  contains 
nitrite  of  potassium,  in  consequence  of  too  much  heat  haying  been  emfdoyed  in  the 
fusion.  At  a  red  heat»  saltpetre  gives  off  oxygen  gas,  at  first  tolerably  pure,  but  after- 
wards contaminated  with  a  continually  increasing  quantity  of  nitrogen,  and  is  thereby 
converted  first  into  nitrite,  then  into  a  mixture  of  protoxide  and  peroxide  of  potassium. 
Saltpetre  defiaerates  in  the  fire  with  charcoal  and  other  combustible  bodies ;  as 
sulphur,  phosphorus,  iron,  zinc,  &c. ;  and  even  oxidises  gold,  silver,  and  platinum. 
By  ignition  in  contact  with  copper  foil,  it  is  converted  into  nearly  pure  protoxide  of 
potassium,  which  when  dissolved  in  water,  yields  caustic  potash.  Iron,  at  a  red  beat, 
deoompoees  the  saltpetre  quite  as  easily  as  copper,  but  the  product  is  contaminated 
with  the  foreign  substances  present  in  the  iron.  (Wohler,  Ann.  Ch.  Pharm.  Ixxxvii. 
873.) 

On  the  oxidising  power  of  saltpetre  at  a  red  heat  depends  its  use  in  the  manufacture 
of  gunpowder  (ii.  956),  and  other  explosive  mixtures.  It  is  frequently  also  employed 
in  the  preparation  of  luctfer  matches  instead  of  chlorate  of  potassium,  and  has  tne  ad- 
vantage of  producing  a  composition  which  ignites  by  friction  without  the  inconvenient 
and  dangerous  proJMtion  of  burning  particles,  which  often  takes  place  on  the  ignition 
of  ordinary  matches  made  with  the  chlorate. 

Valuation  of  Saltpetre. — For  the  various  applications  of  saltpetre,  and  especially  for 
the  manu&cture  of  gunpowder,  it  is  important  to  possess  a  ready  method  of  ascertaining 
its  relative  purity.  One  of  the  oldest  methods  is  that  of  Sc  h  war^  adopted  iu  Sweden, 
which  is  bued  upon  the  appearance  of  the  fractured  sur&ce  of  the  melted  salt,  that  of 
pure  nitrate  of  potassium  being  coarsely  radiate,  whereas  when  chloride  of  sodium  is 
present,  this  structure  becomes  1^  distinct^  and  with  8^  per  cent,  of  that  salt^  is  visible 
at  the  edges  only,  the  interior  of  the  mass  being  amorphous.  This  crude  method  is 
called  the  refraction  of  saltpetre,  a  term  which  has  been  somewhat  strangely  extended 
to  other  methods  of  valuation.  In  France  Bif fault's  method  is  sometimes  used, 
whidi  consists  in  washing  a  weighed  quantity  of  the  saltpetre  with  a  saturated  solution 
of  pore  nitrate  of  potassium  at  16° ;  this  solution  extracts  the  chlorides,  leaving  the  pure 
nitrate,  which  is  drained  from  mother-liquor  on  slabs  of  gypsum,  then  dried  and 
weighed.    This  method,  like  the  preceding,  can  give  only  rouf^h  approximations. 

A  more  exact  method  is  that  of  Gay-Lussac,  which  consists  in  igniting  1  pt  of 
the  sallpetre  with  ^  pt  charcoal  and  4  pts.  common  salt  to  moderate  the  action.  The 
nitrate  is  thereby  converted  into  carbonate,  the  amount  of  which  can  be  estimated  by 
titration  with  standard  sulphuric  acid.  Errors  may  however  arise  in  this  process,  partly 
from  a  portion  of  the  nitrate  remaining  undeoomposed,  partly  from  formation  of  cyanide 
of  potassium;  but  aooording  to  Abel  and  Bio x am  (Chem.  Soa  Qu.  J.  ix.  97),  ex- 
act results  may  be  obtained  by  the  use  of  very  finely  divided  carbon,  namely  B  r  o  d  i  e '  s 
prepared  graphite  (i  758),  the  proportions  heana  20  pts.  saltpetre,  5  graphite,  and  80 
ehloride  of  sodium.  If  the  saltpetre  contains  stuphates,  which  will  be  reduced  to  sul- 
phides by  ignition  with  carbon,  a  small  quantity  of  chlorate  of  potassium  must  be 
sprinkled  on  the  surfiuse  of  the  mass  immediately  after  removal  from  the  fire ;  the  sul- 
phides wiQ  be  thereby  completely  reconverted  into  sulphates. 

The  quantity  of  nitrate  of  potassium  in  a  sample  ox  commercial  saltpetre  may  also 
be  estimated  by  Pelouse'  s  method,  depending  on  the  oxidation  of  ferrous  chloride  by 
nitric  acid  (p.  87X  ov  by  igniting  the  saltpetre  with  silica  or  anhydrous  borax  (p.  86). . 
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In  Austria,  nltpetre  is  asMyed  by  the  method  of  Hue s,  founded  on  the  rtrybig  bo- 
lability  of  nitrate  of  potaasimn  in  irater  at  different  temperatures.  5  ok.  of  the  saltpetre 
to  be  tested  are  dissolved  in  12  oe.  of  water  at  6(P  0.,  and  the  temperature  is  obeeryed 
at  which  the  liquid  jnst  beguis  to  deposit  crystals.  The  percentage  of  nitnte  of  potas- 
sium is  then  determined  by.  the  following  table,  the  resiuts  not  being  affected  by  the 
presence  of  chlorides. 

CrystaUmnff  points  qf  Bolwtuma  of  Nitrate  ofPotasnum  of  various  degrees  of 

concentration. 


Tempera- 

Qoandtyor 

Qaantf  t  J  of 

Temper** 

Quantity  of 

Quantity  of 

pare  laUpeCre  In 

lOOfMurts  of  the 

soiatioa. 

pure  saltpetre  In 

tnre. 

pure  saltpetre  fa 

100  paru  of  the 

eolation. 

pore  saltpetre  te 

Reaumur. 

100  parts  of  the 
•amplei 

Beaumnr. 

100  paru  of  the 
sample. 

+  8<> 

22-72 

.       667 

+ 14-250 

80-00 

76 

8-26 

22-63  • 

66-8 

14-50 

30-36 

76-9 

8-60 

22-80  • 

57-0 

14-76 

•30-72 

76-8 

8-75 

2308 

67-7 

16 

81-09 

77-7 

9 

23-36 

68-4 

15-26 

31-46 

78-6 

9-25 

23-64 

691 

16-50 

31-83 

79-6 

9-60 

23-92 

69-8 

16-76 

82-21 

80-6 

9-75 

24-21 

60-6 

16 

32-59 

81-6 

10 

24-61 

61-3 

16-26 

33-97 

82-4 

10-25 

24-81 

62 

16-60 

33-36 

83-4 

10-60 

26-12 

62-8 

16-76 

33-75 

84-4 

10-76 

26-41 

63-6 

17 

3415 

85-4 

11 

26-71 

64-3 

17-26 

34-66 

86-4 

11-26 

26-02 

65 

17-60 

34-90 

87-4 

11-60 

26-32 

65-8 

17-75 

36-38 

88-4 

11-76 

26-64 

66-6 

18 

36-81 

89-6 

12 

26-96 

67-4 

18-25 

86-25 

90-6 

12-25 

27-28 

68-2 

18-50 

36-70 

91-7 

12-60 

27-61 

69 

18-76 

37-15 

92-9 

12-75 

27-94 

69-8 

19 

37-61 

94 

13 

28-27 

70-7 

19-26 

38-01 

95-2 

13-26 

28-61 

71-5 

19-50 

38-65 

96-4 

13-60 

28-96 

72-4 

19-75 

39-03 

97-6 

13-76 

29-30 

73-2 

20 

39-61 

98-8 

14 

29-65 

74-1 

20-25 

40 

100 

According  to  F.  Toel  (Ann.  Ch.  Pharm.  c  78)  Husz's  method  ffires  exact  results 
only  when  40  pts.  of  the  saltpetre  to  be  tested  are  dissolred  in  exactly  100  pts.  of  water 
at  46°  R  (56^  C.  or  ld3|-  F.),  the  solution  subsequently  cooled  by  immersing  the  Tessel 
in  cold  water,  and  the  temperature  at  which  crystallisation  begins^  cazelully  obserred, 
the  solution  being  constantly  stirred  as  it  cools.  To  ensure  we  right  proportion,  the 
saltpetre  is  dissohred  in  the  proper  quantity  of  water  contained  in  a  tared  beaker  glass 
with  a- thermometer  inserted,  and  heated  to  46° — 60°  B.  in  a  water-bath,  the  water 
which  evaporates  while  the  salt  is  dissolving  being  replaced.  The  solution  is  filtered 
to  remove  any  solid  particles  suspended  in  it,  which  might  cause  the  crystallisation  to 
take  place  too  soon,  and  the  first  half  which  runs  through  is  used  for  observing  the 
temperature  at  which  crystallisation  begins.  With  10  drachms  of  saltpetre  and  26 
drachms  of  water,  the  quantity  of  water  which  evaporates  during  the  operation  gene- 
rally amounts  to  8  or  10  grains,  and  that  which  is  lost  during  the  cooling  and  stirring 
to  2  or  3  grains. 

By  this  method,  Toel  and  Hoyermann  also  determine  the  amount  of  nitrate  of  sodium 
in  nitrate  of  potassium,  an  impurity  which  generally  exists  in  the  salt  prepared  from 
Chile  saltpetre,  in  consequence  of  imperfect  decomposition.  The  amount  of  nitrate  of 
potassium  is  first  determined  in  the  given  sample,  exactly  in  the  manner  just  described ; 
then  about  7^  drachms  are  dissolved  in  26  drachms  of  water,  a  drachm  of  carbonate  of 
potassium  is  added,  the  ci^stallieing  point  is  observed,  and  the- solution  is  boiled 
for  an  hour  to  convert  the  nitrate  of  sodium  completely  into  nitrate  of  potassium.  The 
solution  is  now  left  to  oool  to  60°  B.,  the  water  being  re{Aaced  as  it  evaporates,  then 
filtered,  and  the  crystallising  point  again  observed.  If  the  sample  contained  nitrate  of 
sodium,  the  crystallising  temperature  will  now  be  found  higher  than  before,  viz.  0*15° 
B.  for  1  per  cent  of  nitrate  (^sodium,  0-36°  B.  for  2  per  cent.,  0*8®  B.  for  3  per  cent. 
and  1*66°  B.  lor  4  per  oent 
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The  amotmt  of  nitxttte  of  sodium  in  saltpetre  may  also  be  approximately  determined 
bj  ascertaiiiixig  the  qnantitj  of  water  whicfei  it  absorbs  when  exposed  to  an  atmosphere 
saturated  with  moisture.  Aeeording  to  the  obsermtions  made  by  the  Prussian  officers 
of  artillery,  it  appears  that  pure  nitrate  of  potassium  exposed  over  the  surfiice  of  water 
for  fourteen  dayS)  remains  comparatively  <ut,  whilst  nitrate  of  sodium  placed  under  the 
same  circumstances,  absorbs  25  per  cent  or  water.  When  artificial  mixtnres  of  the 
two  salts  in  a  pure  stat^,  are  subjected  to  the  same  treatment^  the  quantities  of  water 
absorbed  are  as  follows ; 


Mixture  with  percentage  J 
of  nitrate  of  sodinm       ( 

06 

1 

3 

5 

10 

Absorbed  in  14  days 

2-6 

4 

10 

12 

19 

Water,  per  cent 

All  gunpowder  containing  this  variety  of  saltpetre  would,  of  course,  become  moist 
in  the  same  proportions,  and  would  thus  be  rendered  useless. 

A  third  method  of  determination  is  based  upon  the  alteration  which  an  admixture 
of  nitrate  of  sodium  produces  in  the  solidi^ng  point  of  saltpetre  heated  above  its 
melting  point  Nitrate  of  potassium  melts  at  358°  G.  (674*4^  F,\  and  nitrate  of 
sodium  at  313°  G.  (595*4°  F.).  For  mixtures  of  100  pts.  nitrate  of  potassium  with 
different  proportions  of  nitrate  of  sodinm,  the  following  melting  points  hare  been 
observed. 


Quaotitiea  of 
HaNO>  added 
to  100  pft. 
KN(P. 
10  ptB.      . 

Melting  points. 
.  Slio  C.-   591-80F. 

Qnnotitles  of 
NaNQS  added 

KN<5». 

50  pts,    . 

Melting  potnU. 
.  229°  C.  «  444-20 

20    „       . 

.  280         -  686 

60    „       . 

.  244        -  471*2 

30     „ 

.  250        »  482 

70    „      . 

.  262        «   503-6 

40    „       . 

.  230        -   446 

80    „       . 

.  281        -   537*8 

45-7  „       < 

.  226         -  438 

90    „      . 

.  298        -  568-4. 

F. 


The  lowest  melting-point  is  exhibited  by  a  mixture  of  the  two  salts  in  equivalent 
proportions  (45*7  per  cent,  of  nitrate  of  sodium),  which^  according  to  Scba%otsch,  melts 
at  226^^  G.,  and  according  to  Person  at  2198°. 

Small  quantities  of  nitrate  of  sodium  mixed  with  nitrate  of  potassium  may  be  de- 
tected by  the  yeUow  colour  which  sodium-eomponnds  impart  to  the  blowpipe  flame,  or 
still  better  by  spectral  analysis  (iii.  622). 

Small  quantities  of  chlorides  sometimes  present  in  refined  saltpetre  are  easily  de- 
tected by  nitrate  of  silver  and  estimated  by  means  of  a  standard  solution  of  that  salt. 

Persot^i  method  for  the  complete  anaiytU  of  Saltpetre  (lUp.  Ghim.  app.  1861,  pp. 
253,  366). — ^The  quantity  of  water  is  first  determined  by  heating  50  grms.  of  the  salt- 
petre in  a  platintm)  crucible,  and  weighing  it  after  coolings  care  being  taken  that  the 
heat  does  not  rise  much  above  the  melting  point  If  the  saltpetre  contains  nitrate  of 
calcium  or  magnesium,  1  grm.  of  dry  ehromate  of  potassium  must  be  added,  to  prevent 
the  decomposition  of  these  salts. 

To  determine  the  insoluble  matters,  the  fused  mass  is  treated  with  water,  the  liquid 
filtered,  and  the  undissolved  matter  washed,  dried  and  weighed.  The  liquid  is  then 
concentrated  to  a  determinate  volume,  N.  The  chlorides  are  estimated  in  this  solution 
by  means  of  two  standard  silver- solutions,  one  containing  27  grms.,  the  other  2*7  grms. 
of  silver  in  a  litre.  A  cubic  centimetre  of  the  former  corresponds  to  0*01466  grm.  of 
chloride  of  sodium,  or  to  0  0 1 864  grm.  of  chloride  of  potassium. 

The  svlphe^  are  likewise  estimated  volumetrioally  by  means  of  a  standard 
solution  of  diloride  of  barium,  containing  2598  grammes  of  this  salt  in  a  litre,  and 
therefore  corresponding  to  0*179  gramme  of  sulphate  of  sodium  or  0*208  fframme  of 
sulphate  of  potassium.  To  make  the  determination,  200  cubic  centimetres  of  the  solution 
N,  are  mixed  with  a  few  drops  of  add  in  a  phUdnum  dish,  then  heated  to  boiling,  and 
the  standard  solution  is  cautiously  added  in  sli^t  excess.  Tue  salt^tre  solution  N  is 
then  gradually  added  f!rom  a  burette  to  the  liquid  contained  in  the  dish,  till  the  excess 
of  the  baryta-solution  Is  decomposed  and  the  whole  of  the  bai^  precipitated.  This 
last  operation  is  rather  tedious,  because  the  liquid  does  not  easily  clarify,  and  it  is  ne- 
cessary to  filter  a  sample  ftom  time  to  time.  From  the  proportion  between  the  total  volume 
of  the  liquid  N  used  in  the  experiment^  and  the  volume  of  baryta-solution  presrat^  the 
amount  of  sulphate  in  the  saltpetre  may  be  calculated.  The  nitric  acid  is  eati  muted 
by  igniting  the  ftised  saltpetre  with  addchromate  of  potassium,  the  loss  of  weight  giving 
the  quantity  of  nitric  anhydride ;  or  the  estimation  may  be  made  by  any  of  the  methods 
dbrady  given  for  the  analysis  of  nitrates  (pp.  85-89). 
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NxTBATB  or  BHOBtuK.  Setqaiozide  of  rfaodimn,  or  the  oonmipo&dinff  hjtoN^ 
IbrmB  with  nitric  acid  a  dark  red  solntioii  which  yidds  a  deliqneaoent  aaH  of  the  aame 
colour.  Soduhrhodie  nitrate^  NaBh'^K)'',  forma  dark  red  crystala,  eaaily  acdnble  in 
water,  inaolnble  in  alcohoL    (B  e  r s  el  i  n  a.) 

NiTBATB  OF  Rubidium,  RbNO",  ojatalliaea  in  hexagonal  oombtnatiooa,  P .  obP  . 
F2  .  odP2,  in  which  the  length  of  the  principal  aria  ia  0*7079,  and  the  angle  P :  P,  in 
the  termixial  edges  «  143^  0',  in  the  lateral  edges  »  78^  40*.  It  diasolres  in  6  pts. 
water  at  0^,  and  in  2*3  pts.  at  10^.  Behayea  like  aal^petre  when  heated.  (Kirch off 
and  Bunsen,  PhiL  Hag.  [4]  zxii  65.) 

NiTBATB  OF  SxLTBiL  A^O*.  LvMOt  cotutio.  LofiM  ti^emttlU.  HSiienstein, 
-^When  a  piece  of  pure  silver  is  suspended  in  nitric  acid,  it  dissolves  tat  a  time  with- 
out effervescence  at  a  low  temperature,  nitrous  acid  being  produced,  which  colours  the 
liquid  blue;  but  if  heat  be  applied  or  the  temperature. allowed  to  rise,  the  metal 
dissolves  with  violent  effervescence,  from  the  escape  of  nitric  oxide.  The  nitrate  of 
silver  oTstaUises  on  cooling  in  colourless  anhydrous  oystals  belonging  to  the  trimetrie 
system.  Batio  of  axes,  a:b:c  ^  0*9433  :  1  :  1*370.  P  :  P  (brachyd.)  -  104<'  18' ; 
(macr.)  -  98'»  61';  (bawl)  »  126<'  48';  qoP2  :  ooP2  (basal)  -  60<>  30'.  Ordinary 
combination  P  .  oP  .  aoP2 ;  often  with  four  P-faoes  lying  in  the  same  zone,  so  much 
developed  that  with  the  two  basal  faces  oP,  they  give  the  crystal  the  aspect  of  a  six- 
sided  prism.  Nitrate  of  silver  is  soluble  in  1  part  of  cold,  in  }  part  of  hot  water,  and 
in  4  parts  of  boiling  aloohoL  The  solution  does  not  redden  litmus  paper  like  most 
metallic  salts,  but  is  exactly  neutral  Nitrate  of  silver  melts  at  219^,  and  forms  a 
crystalline  mass  on  cooling ;  it  is  cast  into  small  cylinders  for  the  use  of  surgeons.  In 
this  state  it  is  sometimes  adulterated  with  nitrate  of  potassium;  which  may  he  detected 
by  the  alkaline  residue  which  the  salt  then  leaves  when  heated  before  the  blow-pipe— 
or  with  nitrate  of  lead,  in  which  case  the  solution  of  the  salt  is  precipitated  by  iodide 
of  potassium,  of  a  foil  yellow  colour.  When  applied  to  the  flesh  of  animals,  it 
instantly  destroys  the  organisation  and  vitalitv  of  the  part  It  forms  insoluble  com- 
pounds with  many  kinds  of  animal  matter,  and  is  employed  to  remove  it  from  solution. 
When  organic  substances,  to  which  a  solution  of  nitrate  of  silver  has  been  applied,  are 
exposed  to  lights  thev  become  black  from  the  reduction  of  the  silver  to  the  metallic 
state.  A  solution  of  nitrate  of  silver  in  ether  is  employed  to  dye  the  hair  black.  One 
put  of  nitrate  of  silver  and  4  parte  of  g^nm  arabic  dissolved  in  4  parts  of  water  and 
blackened  with  a  small  quantity  of  Induui  ink,  form  the  indelible  marking  ink  used 
for  writing  on  linen  (iii.  272). 

Jmmanuhnitratei  of  Silver. — ^A  strong  solution  of  silver-nitrate  supersaturated  with 
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ammonia  yields  the  compound  AgN0*.2NH'  wm  NO*  rn  ^  shining  rhombic  crystals, 

exhibiting  the  combination  ooP  .  ooj^oo  .  l^oo .  It  is  very  soluble  in  water,  permanent 
at  100^,  but  decomposes  at  a  higher  temperature,  giving  off  nitrogen  and  ammonia. 
Dry  nitrate  of  silver  absorbs  ammonia-gaa  in  such  proportion  aa  to  fbrm  the  com- 
pound AgN0'.3NH'  a  NO*  l?^,  iriiich  is  a  white  coherent  maas,  soluble  in  water  and 

giving  off  its  ammonia  when  heated. 

Double  Salts  of  Siltfer'nitrate.  a.  With  Cuprie  Cyanide, — ^Formed,  ac- 
cording to  Berzelius,  when  a  solution  of  silver-nitrate  is  Doured  upon  cnpric  cyanide 
recently  precipitated  from  the  nitrate.  It  is  black,  insoluble  in  water,  ana  deflagrates 
with  a  ffreen  fight. 

$,  With  Mercurie  Cyanide,  2AgNO'.Hh^Oy*.4H*0.— Crystallises  from  a  warm 
mixed  solution  of  the  two  salts,  in  laige,  limpid,  nacreoua  prisms  resembling  saltpetre^ 
^parin^y  soluble  in  cold,  easily  solub&  in  warm  water  and  alcohol.     (Wohler.) 

7.  With  Mercuric  NitraU.  Hh£fN*0*.2AgN0*.  Prisms  soluble  in  water  without 
decomposition.    (Wohler.) 

8.  With  BronUde  of  Silver,  AgNO'.AgBr. — ^Formed  by  melting  the  comjponent  salts 
together  in  atomic  prcmortion.  Solidifies  into  a  crystalline  mass  at  182^  (Schnauss. 
Kremers,  Jahresb.  1866,  p.  410).  According  to  Biche  (ibid,  1868,  p.  207)  andBisse 
(ibid,  1869,  p.  229),  it  separates  in  silky  needles  from  a  solution  ox  bromide  of  silver 
in  a  hot  concentrated  solutioB  of  the  nitiate. 

c.  With  dUoride  of  Silver,  Separates  in  slender  prismatic  needles  from  a  solution 
of  die  chloride  in  a  hot  saturated  solution  of  the  nitrate.    (B  i  s  s  e.) 

C  With  Cyanide  of  Silver,  AgNO'.AgOy.— When  recently  precipitated  cyanide  of 
silver  is  dissolved  in  a  boiling  concentrated  solution  of  the  nitrate,  this  double  salt  is 
deposited  on  slow  cooling  in  slender  needles  having  a  strong  lustre.  It  is  decomposed 
by  water,  melts  when  hrated,  and  then  detonates  with  great  force,  leaving  ailver  con- 
taining cyanogen. 
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in  'With  IMi$  of  8Umt, — The  eompotuid  2AgN0lii;|I  tmntM  in  naereom 
needle-chaped  or^ftab  from  a  Mlation  c^  iodide  of  lilTer  in  a  DoiUng  ooneentnted 
■olntionof  the  nitrate  rWeltiien,  Ann.  Ch.Pliann.xeT.  127).  Aoeordinff  toH.  Bieae 
( Jahieab.  1869,  p.  228),  it  ia  beat  prapaied  b^  melting  the  component  aa&a  together  in 
the  required  proportiona,  treating  the  leanlting  maaa  with  a  bttle  boiling  water,  and 
leaTing  the  oily  body  which  aettlea  to  the  bottom  to  ciystalliae  on  cooling.  It  blaekena 
on  expoeure  to  lijsht,  melta  at  105^  aolidifiea  again  at  98^,  diaaoly«a  in  a  amall  quantity 
of  watnr,  but  ia  deoompoeed  by  a  lar^  ouantitr  and  by  alcohol 

Another  iotUmUrate,  AgNC^  JLgl,  la  ODtained  by  heating  a  moderately  atrong  add 
Bolutibn  of  the  nitrate  with  iodide  of  ailyer,  and  boiling  the  reaultinc  maaa  for  a  long 
time  with  nitrate  of  ailver  and  nitric  acid.  It  then  aeparatea  in  needlea  which  melt  at 
94^^  (Schnauaa,  Eremera,  Jahreab.  18d5,  p.  429).  Acoordin^toBiche(f6ul.  1868, 
p.  207)i  the  product  thua  obtained  ia  yery  unatable ;  and  according  to  Biaae  (ho,  eii.) 
It  ia  merely  a  mixture  of  the  preceding  salt  with  iodide  of  ailyer. 

9,  With  NiiraU  of  Sodium, — ^A  solution  of  nitrate  of  sodium  mixed  with  exceaa  of 
nitzate  of  aiNer  depoeita,  first  tabular  crystals  of  silTer-nitrate,  and  aftArwaida  riiombo- 
hedxal  cr^atala,  harmg  the  form  of  sodium-nitrate  but  containing  the  two  salta  in  Tanooa 
proportions;  from  2  to  4  at  KaNO*  to  1  at  AgNO*.    (H.  Boae,  Pogg.  Ann.  di  486.) 

NiTBATB  or  SoDiux.  NaNO*.  Cubic  Baltpetre,  ChOe  Salij^tre,  Nitre.— 
Thia  salt  occurs  abundantly  in  South  America  aa  a  natural  mineral  In  the  district  of 
Tarapaca^  Northern  Peru,  the  dr^  pampa  for  40  leaguea  at  a  height  of  8,300  feet  aboTO 
the  sea,  is  coTered  with  beds  of  it  seyeral  feet  thick,  assodated  with  gypsum,  common 
salt,  sulphate  of  sodium,  and  remaina  of  andent  shells,  indicating  the  former  presence 
of  Uie  acfti    The  following  are  analyaea  of  the  crude  nitre  or  Caliche. 


Hajes. 


Richcrdfon  and  Browell. 


Nitrate  of  sodium 

.    64-98 

48-14 

86-87 

27-86 

6-92 

Sulphate  of  sodium     . 

.      8-00 

26-80 

11-67 

48-20 

0-68 

Sulphate  of  caldum     • 

•     •     • 

1-36 

1-36 

0-68 

Sulphate  of  mayiewmn 
Chloride  of  aodium 

!    28-69 

trace 
11-40 

trace 
44-80 

4*20 
18-80 

88-70 

Iodide  of  aodium         • 

.      0*68 

Inaduble  matter 

.      2-70 

10-80 

8-30 

0-82 

0-03 

Hoiatura                    • 

t        •     .     • 

7-60 

2-60 

600 

8-60 

10000   100-00   100-00   100-65 


99-83 


A  aample  from  Peru,  analysed  hj  Hochatetter,  waa  found  to  contain  94*3  per  cent  of 
nitrate  of  sodium,  the  remainaer  being  composed  of  2-0  chloride  of  sodium,  0-2  sulphate 
of  potaanum,  0*4  nitrate  of  potaaaium,  0*9  nitrate  of  magnesium,  2-0  water,  and  0*2  in- 
soluble matter. 

The  crude  nitrate  ia  refined  by  aolution  and  czystallisation.  The  best  i«fined  nitre 
of  commerce  has  been  found  to  contain  97*70  per  cent,  nitrate  of  sodium,  1-84  chloride 
of  sodium,  0*36  sulphate  of  sodium,  and  0*11  water.  The  commeidal  salt  frequently 
howerer  containa  not  more  than  90  to  92  per  cent,  nitrate  of  sodium ;  small  quantitiea 
of  iodide  and  iodate  of  sodium  are  of  frequent  occurrence  in  it  in  addition  to  the 
fordgn  salta  aboTC  mentioned.  The  great  solubility  of  nitrate  of  sodium  renders  it 
difficult  to  purify  from  common  salt ;  accordingly  the  commercial  nitrate  almost  alwaya 
containa  about  2  per  cent,  of  that  impurity.  The  beet  mode  of  purifying  it  on  the 
small  scale,  is  to  heat  the  pulyerisfd  salt  with  nitric  add ;  the  duorides  are  thereby 
deatrpjed,  and  by  aolution  and  recrystalliaation  the  nitrate  ia  obtained  perfectly  pure. 

Nitrate  of  aodium  ciy  stallises  in  obtuse  rhombohedrons,  which  on  cursoiy  inspection, 
haTC  Tory  much  the  aspect  of  cubee :  hence  the  name  cubic  saltpetre.  The  length  of 
the  prindpol  azia  ia  0*8276.  Angle  B  :  B  in  the  terminal  edgea  » 106^  83'.  Clearage 
Teiy  imperfect  parallel  to  B.  Spedflo  leraTity  -  2-24  (Kopp\  2-2256  (Karsten), 
2-256  (Schroder).  It  absorbs  water  from  moist  air,  and  masolves  eaaily  in  water, 
producing  connderable  fidl  of  temperature.  1  pt  of  the  aalt  dissolyes  in  1*25  pt  water 
at0<>(MarxX  in  1-186  pt  at  18*750  (Karaten),  in  1*14  pt  at  l-85<>  (Kopp).  The 
aaturated  solution  boila  at  122^  (Kremers).  The  specific  gravities  of  aolutiona  of 
nitrate  of  aodium  of  Tariona  atrengtha  axe,  aoeoiding  to  Schiff  (Jahreab.  1858,  p.  38X 
aalbllowa: 


VeiahtorMaMO* 
la  WpU-  waur. 

8paei6e  gradCj  or 
Mlirtloaat»^. 

46-48 

1-8806 

9&99 

1-2326 

2066 

1*1478 

Weight  of  NaNO» 
iDlOOpCa.wat«r. 

16-60 

10*88 

6-16 


Spacttc  gimrltyor 
•olutloa  at  n-S^. 

11076 

1-0698 

1*0342 


According  to  Kremera  (ihitU  1861,  p.  61),  the  spedfio  giaTi^  at  19-6^  of  a  solution 
containing  17*7  par  cent  nitrate  of  aodium  ia  1*1062 ;  6r  34*9  par  cent,  1*1930 ;  for 
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01-9  per  cent,  1*2640 ;  for  1V7  per  cent,  1-3S54.  Schif f  (ibid.  1861,  f.  87)  hifl  also 
determined  the  eolnbilitj  of  nitnte  of  sodium  in  spirit  of  viae,  of  Tanous  ttrengths ; 
the  reenlte  are  as  follows : 


Weight  of  anhxdrotii  Welfkt  oT  NaMO> 

alcohol  In  100  pto.  ia  100  pti.  of  toluttoo 

or  tpirit.  Mturated  at  15^ 

0  .  .         .         45-9 

10  .  .         ,         89*5 

20  .  .        .         87-8 


Weight  of  anhTdrom  Walght  of  MaNO> 

alcohol  In  100  ptf*  la  100  pti.  of  solttttoa 

of  iplrlt.  tatnratcd  at  lOO. 

40  .  .  .  20-6 
60  ...  10-2 
80        .        .        .  2-7 


30  .        .        .         26-2 

100  pts.  wood-spirit  containing  40  per  cent  methjlic  alcohol  dissolre  24*4  pts.  nitrate 
ofsodiam    (Schiff:) 

[Bespectinff  the  solability  of  nitrate  of  sodium  in  Tarious  liquids,  see  farther  Storer^s 
Dictiatiary  of  SdubiliHes,  p.  894.] 

Nitrate  of  sodium  melts  at  a  moderate  heat  (310^  according  to  Person  X  and  solidifies 
to  a  white  mass  on  cooling  (at  313°  according  to  Schaf^tsch) ;  at  a  red  heat  it  is 
decomposed  in  the  same  manner  as  nitrate  of  potassium,  but  more  easily.  It  de- 
flagrates with  charcoal  and  other  combustible  bodies,  but  not  so  quickly  as  nitrate  of 
potassium.  On  this  account,  as  well  as  from  its  hygroscopic  character,  it  cannot  be  used 
instead  of  nitrate  of  potassium  for  the  manufacture  of  gunpbwder.  According  to  some 
authorities,  however,  pure  nitrate  of  sodium  is  not  at  sll  hygroscopic ;  and  indeed, 
it  is  sometimes  used,  alter  Tcry  careful  purification,  for  the  preparation  of  blasting 
powder,  which  is  not  required  to  bum  so  quickly  as  sporting  or  war  powder.  It  has 
also  been  proposed  to  add  anhydrous  sulphate  of  sodium  or  magnesium  to  gunpowder 
raepared  witn  nitrate  of  sodium,  to  counteract  the  hygroscopic  tendency.  (See 
JRichardsan  and  Watty's  Chemical  Technology,  vol.  i.  pt  4,  p.  486.) 

Nitrate  of  sodium  is  extensiyely  used  for  the  preparation  of.  nitno  add,  and  for  con- 
version into  nitrate  of  potaasium  (p.  100).  The  crude  9alt  fo^rms  an  excellent  manure 
for  grass  land.  

NiTBATB  OF  Stbontiuk.  StNO*  or  Ssr'T^'Q*. — ^Brepaoed  like  nitrate  of  barium. 
Separates  from  a  hot  concentrated  solution  in  anhydrous,  from  a  cold  and  more  dilute 
solution  in  hydrated  Gtystals.  The  anhydrouB  salt  crjrstallises.in  octahedrons  and  cubo- 
octahedrons  of  sp.  gr.  2*305  (B  u  i  g  n  e  t),  ha\dng  a  cooling |mngent  taste,  soluble  in  5  pts. 
cold,  and  ^  pt  boiling  water ;  it  decrepitates  when  heated,  and  melts  when  red-hot,  decom- 
posing at  the  same  time,  and  leaving  a  residua  of  strontia.  When  thrown  on  glowing  coals 
it  detonates  slighUy, with  a  red  flame.  The Ay(^a^ salt, Sar"NK)*.5HK)  (Laurent), 
with  4H'0  (Souchay  and  Lenssen,  Ann.  Ch.  Pharm.  zciz.  45),  also  Ordway 
(Jahresb.  1859,  p.  115),  forms  efflorescent  crystals  belonging  to  the  monocUnic  system. 
Batio  of  axes  a\bie^  0*5895  : 1 :  0*808.  Inclinations  of  ^to  c  »  64^  25';  ooP  :  ooP  in 
the  orthodiagonal  principal  section  »  113^40';  +  Poo  :  principal  axis  ^  67^22';oP: 
ooP  »  76^20'.  Ordinary  combination,  ooP  .  oP.  +  Poo  (like  fig.  820,  Cbtstaixooaapht, 
ii  156),  or  ooP  .  odP3  .  oP  .  +  Poo .  Nitrate  of  strontium  is  used  for  the  preparation  of 
red  fire,  for  which  purpose  the  dried  salt  is  mixed  with  flowers  of  sulphur,  chlorate  of 
potassium,  sulphide  of  antimony  and  charooaL 

AceUmitraie  of  Strontium,  Ssi*  j  ^  ^^^Qav/ .3H*0,  crystallises  by  spontaneous  evapora- 
tion from  a  mixed  solution  of  the  component  salts  containing  a  slight  excess  of  acetic  acid 
in  large  limpid  permanent  tabular  cr^^tals  (v.  Hauer,  J.  pr.  Chem.  Izxiv.  432),  belong- 
ing to  the  tridinic  system,  and  exhibiting  the  combination  oP  .  ooPoo .  oo^oo .  oo^T  • 
'P  .  j^Qo .  iT.  Batio  of  axes,  a;b:c^  0*5200  :  1 :  1*1697.  In  the  left  upper  octant 
the  angle  ac^  77''43'  ;bc^SZ^  21';  a  6  »  88°  19'.  The  c^stals  cleave  perfect^  parallel 
to  oP;  less  easily  parallel  to  oo^oo.    (Zepharovich,  Wien.  Akad.  Ber.  xlL  517.) 

NiTBATB  OF  Tbbbiuil  Badio-crystalline  mass,  permanent  in  the  air,  and  dis- 
solving with  pale  red  colour  in  water. 

NiTBATB  OF  Thallium,  TINO',  crystallises  from  a  solution  of  thallium  in  nitric 
add  in  dull  white  needles,  which  melt  at  205°,  with  separation  of  a  small  quantity  of 
black  peroxide.  The  aqueous  solution  of  the  salt  thus  purified  ^ves  no  precipitate 
with  ammonia,  whereas  from  the  coude  solution  of  thallium^  in  mtrie  aeid^  ammonia 
throws  down  a  small  quantity  of  hydrated  peroxide  of  thallium.  Nitrate  of  thallium 
has  a  specific  gravity  of  5*8,  is  insoluble  in  alcohol,  but  soluble  in  water,  the  saturated 
solution  containing  9*75  per  cent,  salt  at  18°,  43*7  per  cent  at  58°,  and.  65*0  per  cent, 
at  100°.    (Crookes,ChenL  Soc  J.  xvii.  141.) 

NiTBATB  OP  Thobinum.  Th"NK)*. —Easily  soluble  in  water  and  in  alcohol. 
The  aqueous  solution  dries  up  over  oil  of  vitriol  to  a  crystalline  -mass ;  when  left  to 
evaporat4*in  the  air,  it  yields  a  thick  syrup  (Berzelius);  according  to  Chydenius 
(j^OQ^  Ann.  cxix.  43),  it  crystallises  easily.  Ifitraic  of  thorinum  and  potassium, 
K^'h"NK)",  forms  a  radiate  mass  soluble  in  water  and  in  alcohol.     (Berzelius.) 
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f.  'HiTB  A.tB9  OP  Tin.  Staimie  i^ydnte  prepared  fiom  the  ohJoride  dunolTcs  finely  ior 
nitric  acid,  and  if  rerj  ooneentrated  acid  iias  been  used,  the  solution  deposits  stannie 
nitraU  in  silkj  scales.  If  the  solution  contains  nitxmto  of  ammonium,  it  does  not  de- 
compose at  ordinajT  temperatures ;  but  in  the  contrary  case,  e^peeudly  if  diluted,  it 
deposits  stannic  hydiate,  which  redissolves  on  addition  of  nitiate  of  ammonium.  Me- 
tastannic  hydrate  (produced  by  the  action  of  nitric  acid  on  tin)  does  not  dissolve  in 
nitric  acid, 

Stannoui  nitrate  is  produced  by  dissolTing  stannous  oxides,  or  hydrate^  or  metal- 
lie  tin,  in  cold  very  dilute  nitric  add ;  the  solution  is  easily  decomposed  by  heat,  with 
separation  of  stannic  hydrate.  r-        j        ^ 

NiTBATB  OF  Ubahium.  TP0«JP0«.6HK)  or  Ifitrate  of  Uranyl  (TJO)!^©*. 
3HH>. — Produced  by  treating  uranium  or  either  of  its  oxides  with  nitric  acid. 
Crystallises  in  lemon-yellow  fluorescent  trimetrie  prisms,  in  which  a:  b:  c  <:>>  0*874  : 
1 : 0-5708.  Angle  P :  P  (brach.)  «  126°  64' :  (macr.)  -  118°  30' :  (Usal)  -  84<»  28' : 
Poo :  Poo  (basu)  m,  62P  40'.  Ordinary  combination  P.  Poo .  oof  oo .  ooPoo .  The  crystals 
effloresce  slightly  in  dzy  air,  and  further  in  a  vacuum,  giving  off  half  their  water.  They 
dissolve  in  half  their  weight  of  water,  also  in  alcohol  and  ether.  The  aqueous  sol- 
ution is  decomposed  at  a  moderate  heat,  depositing  a  lemon-yeUow  pulverulent  sub- 
stance not  yet  opimined.  The  crystals  melt  in  their  water  of  crystallisation,  then 
give  off  water  and  add,  turn  reddish-yellow,  and  leave  pure  uranic,  or  at  higher 
temperatures,  uranoso-uranic  oxide  (P^ligot).  According  to  Ordway  (Jahresb. 
1859,  p.  114X  the  crystallised  salt  melts  at  59-5^  and  begins  to  boil  at  118^,  the 
liquid  remaining  dear  tOl  about  two- thirds  of  the  water  is  drawn  off,  together  with  a 
little  add ;  the  residue  then  becomes  somewhat  heated  in  contact  with  water,  and  forms 
a  turbid  solution  which  afterwards  becomes  dear. 

NiTBATB  OF  Vanadiuic.  a.  VatuuUe  nitrate, — ^Vanadium,  vanadious,  and  vana- 
dic  oxide  dissolve  in  nitric  add,  forming  a  blue  solution  which  may  be  boiled  without 
alteration,  but  decomposes  at  a  certain  degree  of  concentration,  the  residue  left  on 
evaporating  to  dryness  consisting  of  vanadic  anhydride  containing  a  little  nitric  acid. — 
/9.  Nitrovanadie  acid.  Dilute  nitric  add  dissolves  vanadic  acid  (or  anhydride)  with 
yellowish  colour,  and  on  evaporating  the  solution  at  ordinary  temperatures,  a  reddish 
mass  is  left,  from  which  water  extracts  a  small  quantity  of  nitro-vanadio  add. 

NiTBATB  OF  Yttbivk.  I^ffge  colourless  crystals  (Berzelius).  The  solution 
Evaporated  at  60®  aod  then  quickly  cooled,  yields  colourless  laminae  (Berlin).  The  salt 
is  deliquescent 

NiTBATBs  OF  ZiNa  The  normal  salty  ZnN0«.8H«0  or  Zni"K*0«.6BP0  (or  9H«0 
according  to  Schindler),  separates  from  highly  concentrated  solutions  in  limpid, 
flattened,  striated,  four>siaed  prisms,  terminated  by  four-sided  pyramids.  They  have  a 
tohazp  taste,  deli(^uesce  in  the  air,  dissolve  readily  in  water  and  in  alcohol ;  mdliin  their 
water  of  cxystallisation  at  60^,  and  give  off  the  whole  of  it  in  a  stream  of  dry  air  at 
106®  (Pierre).  According  to  Graham,  half  the  water  goes  off  at  100®,  the  remainder 
only  when  the  salt  begins  also  to  part  with  its  acid.  According  to  Ordway,  the 
crystals  melt  at  36*4'' ;  the  liquid  bous  at  131®,  remaining  clear  during  the  boiling  till 
it  has  lost  42  per  cent,  of  its  weight;  the.rendue  solidifies  on  cooluig  to  a  vitreous 
mass  having  nearly  the  composition  Zzn"0.dZzn"N*0*.3H'0.  This  tetrazincie  salt 
was  likewise  obtained  in. prismatic  needles  by  Qerhardt  ^Jahresb.  1847-8,  p.  436). 
Schindler  obtained  the  same  salt  with  only  1  at. water  Vy  digesting  the  octozindc  salt 
with  the  normal  salt.  The  octosincic  salty  7/izn"0.Zzn"N*0',  is  obtained  with  2  at.  water 
by  heating  the  normal  salt  till  the  fused  mass  becomes  nearly  solid  (G-renville), 
or  with  4  at.  water  by  predpitating  the  solution  of  the  normal  salt  with  a  quantity  of 
ammonia  not  sufficient  to  tace  up  all  the  nitric  add.    (Schindler  and  Grenville.) 

KitbatbofZibconiuic.  The  solution  of  zirconic  hjrdrate  in  nitric  add  yields 
by  evaporation  a  yellow  gummy  mass,  which  has  a  sour  astringent  taste,  and  gives  off 
add  when  heated.  If  it  has  not  been  heated  above  100°,  it  redissolves  completely 
in  water.  The  solution  is  capable  of  taking  up  &  considerable  quantity  of  zirconic 
hydrate,  forming  a  soluble  basic  salt.  If  the  solution  thus  formed  be  diluted  and 
heat-ed  to  boiling,  it  deposits  a  still  more  basic  salt  in  the  form  of  a  gelatinous  pre- 
dpitate.  A  basic  salt  soluble  in  water  and  in  alcohol,  is  Ukewise  obtained  by  heating 
the  normal  salt  above  100®. 


Alcoholic  Nitrates.    Nitric  ethers, 

"When  nitric  acid  is  heated  with  an  alcohol,  part  of  the  alcohol  is  oxidised,  and  the 
nitric  add  is  reduced  to  nitrous  add,  which,  with  the  remainder  of  the  alcohol,  forms 
B  nitrous  ether  together  with  other  products  (p.  75) ;  but  by  addition  of  urea  or  other 
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amidep  whieb  deoompoMS  the  nitioiif  acid  as  fiui  as  it  is  formed,  this  aetion  may  ba 
prerentod  and  the  aioohol  and  nitric  acid  will  then  ibrm  a  nitric  ether. 

N ITB1.T1  or  Amt l.  Amyl-ftUHe  ether,  OH^NO*. — ^Flrepared  by  !»git^it«"g  10 gnns. 
of  nitrate  of  nrea  with  80  gnns.  of  strong  nitric  acid  in  a  retort  for  ten  minutes,  then 
adding  40  gnns.  of  amylic  alcohol,  and  sraidually  heating  the  mixture,  a  cooled  receiyeF 
being  adapted  to  the  retort  The  distilUte,  which  separates  into  two  Ujers,  is  shaken 
np  with  water;  the  lower  layer  is  rectified,  the  portion  which  distils  fixmi  148^  upwards 
being  collected  apart ;  and  this  portion  is  rectified  twice  more,  the  liquid  which  goes  oxer 
at  148^  being  each  time  oollectod  apart  (W.  Hofmann,  Ann.  Ch.  Phys.  [3]  xziii.  874). 
It  is  also  produced  by  the  decomposition  of  dinitiylide  of  amylene.  (Gutbrie,i  209.) 

Nitrate  of  amyl  is  a  colourless  oil  of  specific  gniTity  0*094  at  10°,  boils  at  148° 
(W.  Hofmann);  according  to  Bieckher  (Jahrb.  pr.  Pharm.  ziy.  t),  it  has  a  spe- 
cific grarity  of  0*902  and  boils  at  187°.  It  has  an  odour  of  bugs  and  a  sweet  burmng 
taste,  with  very  unpleasant  aftertaste.  It  dissolves  in  ether  and  alcohol,  and  is  pe- 
cipitated  from  the  htter  by  water.  Bums  with  a  green-edged  fiame;  is  decomposed  by 
alcoholic  potash. 

NiTBATB  OF  Ethtl.  NUrie  ether.  Ethyt-^trie  ether,  CH^O^,  Preparation. 
— 1.  Between  70  and  75  gnns.  of  alcohol  of  85°  Bm.  is  distilled  with  an  equal  weight 
of  nitric  acid  of  specific  gravity  1*40  (or  2  voL  alcohol  to  1  vol.  nitric  add!  and  about 
2  grams,  of  nitrate  of  urea,  the  receiver  being  changed  as  soon  as  the  alcohol  which 
fi»t  comes  over  is  replaced  by  nitric  ether,  and  the  oistillAtion  stopped  as  soon  as  the 
rnsidue  is  reduced  to  one*  third  of  the  original  mixture.  The  nitnc  ether  thus  obtained 
is  washed  with  aqueous  potash,  and  afterwards  with  water,  then  left  for  two  days  in 
contact  with  lumps  of  chloride  of  caldnm,  and  finally  decanted  and  rectified  (Hi lion, 
Ann.  Ch.  Phys.  [3]  viii.  230).  According  to  Carey  Lea  (Sill.  Am.  J.  [2]  xxxii. 
178),  it  is  better  to  use  a  larger  proportion  of  nitrate  of  urea,  namdy  8  or  10  gnns.  to 
the  above  quantity  of  liquid ;  with  these  proportions  larger  quantities  of  liquid  may  be 
operated  upon  at  once  (see  also  Heints,  Jahresb.  1868,  p.  482). — 2.  According  to 
J.  PersoE  (B^p.  Chim.  pure,  v.  ZO),  nitrate  of  ethyl  is  easily  obtained,  without  the 
use  of  urea,  by  dropping  absolute  alcohol  (10  grms.)  from  a  very  fine  pipette  into 
highly  concentrated  colourless  nitric  acid  (about  20  grms.)  contained  in  a  platinum 
dish.  Veil  cooled  w^  a  mixture  of  ice  and  salt.  The  formation  of  the  ether  takes 
place  as  the  liquids  mix.  A  lump  of  ice  is  then  to  be  thrown  into  the  mixture,  where- 
by the  add  is  diluted  without  rise  of  temperature.  If  any  oxidation  of  the  alcohol 
takes  place  from  dropping  it  in  too  quickly — ^which  may  be  known  by  the  emission 
of  red  ftimes — a  piece  of  ice  must  be  immediately  droppea  in  to  save  the  ether  already 
formed,  and  the  operation  repeated. 

ProperOes.-^Vitnxi  ether  is  a  liquid  of  spedfic  gravity  1*112  at  17°  boiling  at  85° 
or  86°.  Its  vapour-dennty  at  86-6°  «  8112;  at  00^^  »  8*094;  at  70*8°  »  8066; 
at  64*9°  »  3-079  (Playf air  and  Wenkly n>  It  has  an  odour  difier^t  from  that  of 
nitrous  ether,  and  a  very  sweet  taste,  with  bitterish  aftertaste.  It  is  insoluble  in  water, 
but  mixes  in  all  proportions  with  alcohol  and  ether.  It  bums  with  a  white  fiame ;  its 
vapour,  if  heated  above  the  boiling  point,  explodes  violently  when  set  on  fire. 

Heated  to  100°  with  aleoholie  ammonia,  it  yields  nitrate  of  ethylamine  (Jnnca- 
della^  Compt  rend.  xlviiL  342): 

C«H«NO«  +  im»  -  C*H*N.HNO«. 

When  a  mixture  of  equal  volumes  of  nitric  ether,  alcohol  and  strong  aqueous  ammonia 
is  heated  to  100°  in  a  sealed  tube  only  two-thirds  filled  with  it^  the  ether  disappears 
completely,  and  the  resulting  solution  contains  di-  and  tri-ethylamine  together  with 
ethylamine  and  ammonia.  With  a  condderable  excess  of  ammonia,  the  nitric  ether 
may  be  decomf^oeed  even  without  alcohoL   (Carey  Lea,  Sill.  Am.  J.  [2]  xxxiL  25.^ 

Nitric  ether  is  easily  reduced  by  etUphide  of  ammonium  in  alcoholic  solution,  yielding 
mercaptan,  according  to  the  equation, 

C»H*NO»  +  6H*S  -  C^«8  +  NH»  +  8IP0  +  S*. 

(K  Kopp,  3*.  Pharm.  [3]  xi.  821).    Heated  with  ferrous  acetate  it  is  gradually  re- 
solved into  nitrogen  gas,  a  small  quantity  of  nitrous  ether  and  ammonia.  (Carey  Lea.) 

Mereurethylie  Nitrate.  O^BAgTiTO*  or  C*Ei^^f*0*.HhgnPO*.  EtJ^^lo-mer^ 
ourio  nitrate.  Balpetereaiu/ree  Aet^l-QueekeilberoxwL ^  Nitrate  tPethyle  et  de  meroureu 
— This  compound,  discovered  by  Sobrero  and  Selmi  (CompL  rend,  xxxiii.  67),  and 
ftirther  examined  by  Gerhardt  (Chem.  Boo.  Qn.  J.  v.  88),  is  obtained  by  mixing  alco- 
hol with  excess  of  a  veiy  strong  solution  of  trimercurie  nitrate.  No  predpitate  is 
formed  in  the  cold»  but  on  heatmg  the  liquid,  a  white  crystalline  compound  separates 
even  before  the  bdlins  point  is  attained,  and  its  fimnation  continues  without^  ftirthsv 
application  of  heat    The  reaction  is  as  follows : 

Hhg«N»0«  +  C»H«0  =  C«Hhg"N*0«  +  8H«0. 
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The  alcoholic  mother-liqoor  contains  a  laige  qnantitj  of  mernnoua  nitrate.  A  roer- 
eorons  salt,  piohably  fonned  by  aecondazy  actions,  fireaaentlv  also  aepazatea  in  amaU 
needles  after  the  mercnrethyUc  nitrate  has  been  remoTed  by  decantation. 

Mercoiethylie  nitrate  is  a  white  crystalline  salt  which,  when  examined  by  themicro- 
scone,  exhibits  a  highly  chaiacteristic  form,  consisting  of  six-pointed  stazs  or  hcosffonal 
tables,  shaded  on  the  edges  in  soch  a  manner  that  similar  stan  appear  withinuiem, 
with  their  veitices  prqjeeting  into  the  angles  of  the  tables.  The  crystals  gare  by  ana- 
lysis 2*9  per  cent  carbon,  3  hydrogen,  78*4  mercnryyand  3'6  nitrogen  (Gerhardt), 
agreeing  with  the  lormnU  C*Hhg'MK)'J9K),  which  requires  8*1  carbra,  O'S  l^ydrogen, 
78*3  mercury,  8*3  nitrogen  and  16*0  oxygen. 

Mercorethylic  nitrate  is  insoluble  both  in  water  and  in  ahohol.  Heated  in  a  smull 
tube  it  decomposes  suddenly  and  explosiyely,  but  without  detonation. — Hydroehlorie 
acid  disaolyes  it  completely,  without  leaTioff  a  trace  of  calomel ;  hence  it  is  a  mercuric 
and  not  a  mereurous  salt  The  hydrochlonc  add  soluHon  gires  a  yellow  ptecipitste 
with  potash. — Sulpkydrie  add  decomposes  the  salt,  forming  sulphide  of  mercury  and  a 
substance  havinff  the  odour  of  mercaptan.  A  strona  aqueous  solution  of  potatk  tarns 
the  salt  grey ;  inien  boiled  with  the  same  solution,  it  turns  blad^,  but  is  not  completely 
decomposed;  the  black  substance  is  always  mixed  with  crystals,  however  long  the 
boiling  may  be  continued.  Hydrochloric  add  does  not  dissolye  this  black  substance, 
though  it  forms  but  a  small  quantity  of  calomeL  It  appears  therefore  that  the  salt 
is  essentially  altered  by  the  action  of  the  potash. — Ammonia  acts  upon  it  in  a  similar 
manner. 

NiTBATBorMiTHTL.  MtthyUnittic  ether,  CH^O*. — This  ether  is  easily  ob- 
tained by  dissolviilg  40  gnus,  of  nitrate  of  urea  in  300  cub.  cent  of  pure  methylic 
alcohol,  adding  150  cub.  cent  of  pure  nitric  add  of  specific  grayity  1*31  (free  from 
nitrous  add  so  that  it  gives  no  colouring  with  ferrous  sulphate),  and  distilling  to  one- 
third.  This  process  is  to  be  twice  repeated,  the  residue  being  mixed  in  the  first  in- 
stance with  170  c.  c  methylic  alcohol  and  130  c  c.  nitric  add,  and  in  the  second  with 
150  c.  c.  methyl-alcohol,  110  c  c.  nitric  add,  and  10  grms.  nitrate  of  urea.  The  distillate 
is  washed,  first  with  solution  of  common  salt,  then  with  dilute  carbonate  of  sodium. 
By  this  process  420  grms.  methylic  alcohol  yield  300  grms.  crude  nitrate  of  methyl. 
(Carey  Lea,  Sill.  Am.  J.  [2]  xxxiii.  227).  Dumas  andPMigot  (Ann.  Ch.  Phys.  [21 
Iviii.  37),  by  distilling  wood-spirit  with  saltpetre  and  oil  of  yitriol,  obtained  a  liquid 
boiling  at  66^,  whidi  appears  to  have  been  a  mixture  of  nitrate  and  nitrite  of  methyl, 
as  its  analysis  gaye  about  3  per  cent  too  much  carbon  for  the  formula  of  the  nitrate. 
The  vapour  exploded  with  great  violence  when  heated  to  about  150^.  The  proper* 
ties  of  the  puro  nitrate  of  methyl  obtained  by  Ijea  have  not  been  described. 

KiTBATB  OF  OcTTL.  C?H'^0*.  URtrote  of  CSa^^.— Produced  by  decompos- 
ing iodide  of  octyl  dissolved  in  alcohol  with  nitrate  of  silver.  Oily  liquid  which  has  a 
fruity  odoor,  floats  on  water,  is  insoluble  in  alcohol,  boils  with  aecomposition,  bums 
with  a  bright  flame,  and  is  decomposed  by  alcoholic  potash,  yielding  octylic  alcohol 
and  nitrate  of  potassium.    (Bonis,  Ann.  Chi  Phys.  [3]  xlix.  136.) 

wiTmofMnr«  vmomwBxnmm  ov.   NP^.    See  Phosfkobosamidis. 

VXTBOOav,  SUXJPBZBS  or.  KS.  (Fordos  and  G 61  is,  Ann.  Ch.  Phys. 
[3]  xxxii.  389.) — This  compound,  the  analogue  of  nitric  oxide,  is  obtained  by  passing 
ammoniacal  gas  through  a  solution  of  protosulphide  of  chlorine  in  disulphide  of  carbon. 
Sal-ammoniac  is  first  predpitated,  and  then  a  dark  brown  flaky  substance,  which  is 
decomposed  by  the  farther  action  of  the  ammonia.  The  passage  of  the  gas  must  be 
continued  till  the  brown  flakes  have  almost  disappeared,  and  an  orange-yeUow  liquid 
is  formed,  which  may  be  separated  fi»m  the  chloride  of  ammonium  b^  filtration  and 
obtained  quite  dear.  The  filtrate,  when  left  to  evaporate,  first  deposits  sulphur  and 
afterwards  oystals  of  sulphide  of  nitrogen.  The  reaction  is  yeiy  complicated,  but 
tbe  final  result  may  be  represent^  by  the  equation : 

3a«  +  8NH«     -     2NS   +   S  +   6NH<CL 

Sulphide  of  nitroeen  crystallises  in  transparent  golden-yellow  rhombic  prisms  with 
dihedral  summits.  It  has  a  faint  odour,  adheres  strongly  to  paper  if  rubbed  upon  it, 
and-  produces  painful  irritation  of  the  mucous  membrane  of  the  nose  and  eyes.  It 
explodes  by  pereusdon  or  when  heated  to  150° — 160°.  It  dissolves  very  mxuingly  in 
alcohol,  ether,  and  sulphide  of  carbon :  water  does  not  dissolve,  but  slowly  decomposes 
it  Its  solution  in  su^hide  of  carbon  also  undergoes  slow  decompodtion.  It  unites 
in  several  proportions  with  the  sulphides  of  chlorine. 

Syn.  with  NrrBOOHM'. 

ACZB.    See  GENTXAino  Acid  (ii  830). 

See  Gltcbbin  (ii  890). 
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8e«)  Habxaukb  (iii.  9). 
or  WXTSOHABinBnraL    See  HABunri  (iii.  11). 
TXO  AOZB.    Syn.  with  Picbamzc  Acid. 
•    See  HBLUcnr  (iii.  188). 
AGXB.    See  HtppvBio  Acm  (liL  161). 
See  Ulxio  Acn>. 

•    See  Htdttbiuo  Aoid  (iii.  221,  footnote). 
See  Ivosm  (iii.  276). 
or  JkanmxZBB.    See  Iodic  Acid  (iii  299). 
.    See  Mxuc-SuoAB  (iii.  1024). 

SyjL  with  NiTBATB  OP  LivciNB.    (See  Lbuciki^ 


Pkopiokic  Acn>.) 


c  X  a  a  CI 

C  X  X  X  H 
C  X  X  X  Br 
C  X  X    X    X 

C  X  H  H  C^ 
C  X  X  H  Cy 
C  X  X  X  Cy 
C  X  Br  Br  Cy 


iii.  682.) 

SeeuMuniiTi  (iiL  826). 

See  Mbcokut  (iii.  863). 

See  liMLkviLan  under  PmnrrukMims 
See  MssiTTLHini  (iii.  930). 

See  Mmitylkwb  (iii.  930). 
rzo  ACZB.    Syn.  with  NrrBO-PBOPiONic  Acm.     (See 

ThiB  name  may  be  applied  to  certain  compounds  derivable 
from  marsh-gas  (hvdric  methide)  by  the  substitution  of  one  or  more  molecules  of 
nitryl  for  an  equiyalent  quantity  of  hydrogen.  Their  names  and  formolsB  are  given  in 
the  following  table,  in  which  nitryl  (NO*)  is  denoted  by  X. 

Typ^C  H  H  H  H. 

1.  Tribromonitromethide,  Nitro-bromoform  or  Bromopicrin   .        C  X  Br  Br  Br 

2.  Trichloronitromethide,  Nitrochloroform  or  Chloropicrin 

3.  Trinitromethide  or  Nitroform 

4.  Bromotiinitiomethide  or  Bromonitroform 
6.  Tetranitromethide 

6.  Cyanonitiomethide,  Nitracetonitrile  or  Fulminic  add 

7.  Cyanodinitromethide  or  Dinitracetonitrile 

8.  Cyanotrinitromethide  or  Trinitracetonitrile 

9.  Cyano-dibromo-nitromethide  or  Dibromo-nitraoetonitrile 

The  first  and  second  of  these  compounds  have  been  already  described  as  Bromo- 
picrin and  Chloropicrin  (i.  923). 

3.  Sltroform.  0(NO«)*H.— This  compound  discovered  by  Schischkoff  (Ann. 
Ch.  Pharm.  ciii.  864)  exhibits  the  relations  of  an  acid.  Its  ammonium-salt, 
C(NO')'NH*,  is  obtained  as  |i  yellow  dystalUsable  substanoe,  soluble  in  water  and  in 
alcohol,  by  the  action  of  water  or  alcohol  on  cyanotrinitromethide  (p.  Ill);  and 
on  agitating  this  salt  with  strong  sulphuric  acid,  the  nitroform  is  separated  and 
floats  on  the  soiface  of  the  liquid,  in  the  form  of  an  oil  which  may  be  removed. 

Nitroform,  at  temperatures  above  15^,  is  a  colourless  oil ;  below  that  temperature 
it  solidifies  in  colourless  cubic  crystals.  It  is  moderately  soluble  in  water,  forming 
a  dark  yellow  solution.    It  eannot  be  distilled,  as  it  explodes  with  violence  when  heated. 

The  atom  of  hydrogen  in  nitroform  may  be  replaced  either  by  metals  or  by  chlorous 
radicles,  nam«ly  bromine  and  nitryL  The  metallic  derivatives  or  salts  of  niiroforTn, 
are  for  the  most  yellow  and  cryHtallisable :  they  explode  when  heated. 

4.  Sromonitroform.  C(^NO-)*Br. —  Produced  by  exposing  nitroform  to  the 
action  of  bromine  for  some  days  under  the  influence  of  direct  sunshine,  or  more  easily 
by  treating  an  aqueous  solution  of  mercuric  nitroform,  C(NO*)'Hhg'',  with  bromine. 
It  is  oolouriess,  liquid  above  +  12  \  but  solidifies  below  that  temperature  to  a  white 
crystalline  mass.  It  is  somewhat  soluble  in  water,  and  may  be  distilled  with  aqueous 
vapour,  or  in  a  euzrent  of  air.  It  decomposes  at  140°.  (Schischkoff,  Ann.  Ch. 
Pbunn.  cxix.  247.) 

6.  Telraaitrometliide.  'ntranitryUde  of  Carbon,  NUtxf-koklenstoff.  C(N0')1. 
— ^Pioduced  by  treating  nitroform  with  fuming  nitric  and  snlplmric  acids,  heating  the 
liquid  to  100°  and  passing  air  through  it  A  liquid  then  distils  over,  from  which 
water  throws  down  tetranitromethide  as  a  heavy  oiL 

Tetaranitromethide  is  liquid  at  ordinary  temperatures,  but  solidifies  at  + 13°  to  a 
white  crystaJline  mass.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It 
boils  at  126°,  and  unlike  nitrofcMrm,  may  be  distilled  without  decomposition.    Vfheu 
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npidly  heated,  it  decomposes  with  evolution  of  nitrons  raponrs ;  bat  even  then  it  doeli 
not  explode.  It  does  not  take  fire  by  contact  with  flame  ;  but  v  glowing  coal  on  which 
it  is  poured  bnms  with  a  bright  light.    (Sehishkoff.) 

6.  CyMiOBitrometliidA  or  Wltraoetonitrile  does  not  exist  in  the  free  state,  but 
its  salts,  the  Fulmikatbs,  already  described  (ii.  730),  gire  rise  by  dieir  deoompoaition 
to  the  tliree  following  compounds,  cyano-dibromo-nitzomethide  beins  produced  by  the 
action  of  bromine  on  fulminate  of  mercury,  while  cyanodinitromethide  and  <nranotrini* 
tromethide  are  obtained  from  fulminuiic  acid  (iL  739)  which  is  itself  a  product  of  th« 
decomposition  of  fulminate  of  silver. 

7.  Cjr«iodlBttrom«tliia«  orlMsttrftoetoiiitrUe.  C*HN*<>*  -  C(NO>)*HPy  » 
CXNO'VHK.  (Schischkoff  and  Rosing,  Ann.  Ch.  Fharm.  civ.  249;  Schisch* 
koff,  ioid.  cxix.  249.)— This  compound  is  an  acid,  the  ammonium-salt  of  whidi 
(originally  called  dinitrammonyl)  is  obtained  by  the  action  of  sulphydrie  add  ob 
cjanotrinitromethide ; 

C(N07Cy  +  4H«8     »     C(NO«)«(NH*)Cy  +  S«  +   2H«0. 

On  mixing  the  aqueous  solution  of  this  ammonium-salt  with  an  equivalent  quantity  of 
sulphuric  acid,  agitating  with  ether,  and  evaporating  the  ethereal  solution,  a  syrup  is 
left  which  gradually  yields  large  cxystals  of  cyanodluitromethide,  apparently  containing 
water  of  crystallisation. 

Cyanodinitromethide  treated  with  ammonia  reproduces  the  original  ammonium -salt^ 
which  crystallisps  in  colourless  needles,  easily  soluble  in  water,  sparingly  in  alcohol, 
insoluble  in  ether.  When  boiled  with  oxide  of  silver,  it  forms  a  solution  which  on 
cooling  deposits  crystals  of  the  argentamTtionium^alt  of  cyanodinitromethide,' 
C(NO^;«(NH»Ag)Cv. 

Cyanodinitromethide  also  forms  eiystalline  salts  with  potassium  and  with  silveit 
Tlie  niversa/tj  C(NO')'AgCy,  detonates  Hke  fulminate  of  silver,  and  is  decomposed  by 
bromine,  yielding  an  oily  body,  probably  cyanobramodinitromeihide^  C(NO')wCy. 

8.  Cyano-^trlnitrometlilde  or  TMnltraeetonltrlto.  C^«0*  «  G(KO*)*Cy  *- 
C*(NO*)^.  (Schischkoff,  Ann. Gh.Phann. ci.  213).— When  asaltof  fulminuric acid 
is  added  by  small  portions  to  a. cooled  mixture  of  highly  concentrated  nitric  and  sokt 
phnric  acids,  carbonic  anhydride  is  evolved,  and  tiinitracetonitrile  separates  as  an  oil 
which  czystallises  on  cooling: 

d»(NO»)H»N«0  +   2K0«H     -     C0«  +  H«0   +   NH*  +   C«(NO')»N. 

Fulmlnarlc  acid.  TrlnitracctoDitrllfls. 

Cyanotrinitromethide  is  a  white  crystalline  camphor^like  substance,  melting  at  41*5^, 
and  decomposing  with  explosion  at  220^.  It  may  be  distilled  in  a  current  of  air  at 
60°.  It  dissolves  without  alteration  in  ether,  but  is  decomposed  by  water  and  alcohol 
even  in  the  cold,  and  more  quickly  when  heated,  into  carbonic  anhydride  and  the  am-t 
monium-salt  of  n  i  t  r  of  or  m : 

C\NO«)"N  +  2H»0     «     CO*  +  C(NO*)^NH*). 
Su^hydrie  acid  converts  it  into  the  ammonium-salt  of  cyanodinitromethide  (p.  110). 

9.  CjaaoHUlMromonltrometlilde  or  Bibromoiiltnioetoiiltrlle.  CBr^K'O'  = 
C(NO«)Bi»Cy  «  0*(NO«)Br*N  (Kekul6,  Ann.  Ch.  Pharm.  cv.  281}.— This  compound, 
which  differs  from  mercuric  fulminate,  C*Hh^''N*0',  only  by  containing  2  at.  bromine 
in  place  of  1  at.  mercury,  is  prepared  by  pounng  bromine  on  mercuric  fulminate  under 
water  till  the  colour  of  the  bromine  is  no  longer  destroyed.  On  subsequently  distilling 
the  liquid,  cyanodibromonitromethide  passes  over  with  the  aqueous  vapour,  m  the  form 
of  an  oil  which  partly  solidifies  in  the  crystaUine  form. 

Cyano-dibromonitromethide  forms  large  well-defined  crystals,  insoluble  in  water, 
soluble  in  alcohol  and  in  ether,  and  smelUng  like  chloropicrin.  It  melts  at  60°,  and 
begins  to  boil,  with  decomposition,  between  130°  and  136°.  With  vapour  of  water 
it  may  be  distilled  without  decomposition  (Kekul^).  When  gently  heated  with  iron- 
filings  and  acetic  add,  it  is  strongly  attacked,  giving  off  hydrocyanic  acid,  hydrobromic 
add,  ammonia,  and  probably  also  carbonic  anhydride.  (Stahlschmidt,  Jahreeb. 
1860,  PL  241.) 

srXTSOaKBTBTXJEO  ACXB  (BZ*).  CH^NK)*  or  0*H«N^O«.  (Frankland, 
PhiL  Trans.  1867,  p.  69;  Chem.  SocQu.  J.  xi.  88.) — ^This  add,  homologous  with  di- 
nitio-ethylic  add  (p.  61)  is  obtained,  dmilarly  to  the  bitter,  by  the  action  of  nitric 
oxide  on  zinc-methyl,  4  at  of  tihe  former  uniting  with  2  at.  of  the  latter  to  form  the 
salt^  CH«Zzn'Tff*0*.C*H^Zan''.  This  salt  is  decomposed  by  water,  yielding  marsh-gas 
and  basic  dinitrameihylate  or  oxy-dinitrometkylate  of  xinc,  CH*Zzn'T^*0*.Zzn"0 ; 
which,  when  decomposed  by  carbonic  acid,  yields  the  normal  sinc-saK, 
C*H«Zzn"^<0*.H*0.— The  sodium-salt,  CH*NaN«0«.H*0,  is  obtained  by  treating  a 
solution  of  the  normal  rin'^-salt  with  carbonate  of  sodium,  evaponiting  to  dryness,  and 
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exhaQBting  the  residae  with  strong  aloohoL  It  UTeiy  soluble  in  wator  and  in  aloohol, 
and  bums  intensely  when*  heated. 

MintO-mntZATIC  ACXB*  Aqua  reffia.  KSnigtwuaer^^-jL  yellow  fuming 
liqnid  produced  by  mixing  strong  nitric  and  hydrochloric  adds.  The  mixture  is  at  first 
colourless;  but  after  a  short  time,  or  quickly  if  heated,  it  assumes  a  deep  orange-yellow 
colour,  and  breaks  up  into  water,  chlorine  and  the  chlorides  of  nitrosyl,  chiady  the 
dichloride.  The  dilute  adds  may  lem^iin  mixed  for  a  Ions  time  without  decomposing 
each  other,  unless  heat  is  applied.  Nitro-muriatic  add  dissolyes  gold  and  platinum, 
an  action  which  seems  to  depend  entir^  on  the  presence  of  the  chlorine  liberated  by 
the  mutual  action  of  the  ori^al  adda.  The  same  reaction  renders  nitromuriatic  addyery 
useful  in  destroying  oip^anic  matter,  in  toxioological  investigations  for  Sample  (see 
ABfiiNic,  i.  866).  An  mi^ore  nitromuriatic  add  is  prepared  by  dissolying  mtrate  of 
aodium  in  hydrochloric  acid,  or  chloride  of  sodium  in  nitric  add. 

See  Nafbthaliinb  (p^  14). 

See  KAFBTHTiAxiira  (p.  21). 

MnntO<-<lxmsWXOIO  AOIB.    See  OxTBBizoio  Acip. 

VXTSOFJLVAWBnnL    See  PiPAyBBDra. 

MiraOFJill  tJ  ■  im  HITfta  and  WITao WUrOHII  A  WOT^    See  FavciDAifm. 

MXTKO>MT»Ofc"BIAlfnf»,    See  Pbtbol. 

IKVrwtWWmMMAMao  ACIB.  Dvmtro-^iphmamicaeid,  C^'H'^'O**  »  C'*H" 
rNW«NK)«.  (Laurent  and  Gerhardt,  Compt  Chim.  1849,  p.  468.)— An  acid  pro- 
ciucea  by  the  action  of  sulphydrate  of  ammonium  on  dinitrophenic  acid : 

2C^XN0-)H)  +  3(NH«)«S»  -  C»«H»^NO«)«N*0«  +  4H*0  +  S*. 

It  forms  brown  hexagonal  needles,  with  four  angles  of  131^  80' and  two  of  97*^,  contain- 
ing 2  at.  water,  which  they  giye  off  between  100°  and  110°,  the  anhydrous  add  decom- 
posing at  a  hiffher  temperature ;  they  yield  a  yellow  powder.  The  add  is  sparingly 
soluble  in  cold  water,  moderately  soluble  in  aieohol  and  ether.  It  dissolyes  in  am- 
moniOt  forming  a  deep  red  solution  which  is  decomposed  by  concentration,  with 
eyolution  of  ammonia.  With  aqueous  potash,  it  yields  the  salt  Ci*H'iE(NO')*NK)', 
which  crystallises  in  daxk  red  nodules,  yezy  soluble  in  water  and  in  alcohoL  The 
bariunt'Salt  forms  sparingly  soluble  brown-red  needles  obtained  by  precipitating  acetate 
of  barium  with  an  ammoniacal  solution  of  the  add.  The  ealcium-Ja/t  is  gradually  pre- 
dpitated  in  like  manner  in  small  needles.  The  copper-salt  is  a  yellowish-^reen,  the 
lead-ealt  an  orange-brown  predpitate.  The  eilver^t,  0"H"Ag(NO')'NK)^  is  a  dark 
brown-yellow  predpitate  which  crystallises  in  scales  ftom  hot  solutions. 

Ji  IT JfcOyBBV AaiTXiIDZVa  or  AmyUnitro-phenidine, — A  tmse  formed  by  the 
action  of  alcoholic  sulphydrate  of  ammonium  on  the  heavy  oil  obtained  by  tj^ting  phenate 
of  amyl  {q.  v.)  with  fuming  nitric  acid.  It  is  ciystallisable  and  forms  crystallisable 
salts.    (Cahours,  Compt.  rend,  xxxii.  61.) 

rBSIO  AOm.    Syn.  with  DnnrBOPHBinc  Acm.     (See  Phbnol.) 

ITO&.    Syn.  with  NitbofsbnatbofEthtl.  (See  Phbnic  Ethbb% 
nnder  Phenol.)  , 

BriTROySBVXO  ACZBS.    See  Phbkol,  DsBiyATiyBS  of. 
mrsOFBBimiXO  ACZB.    Syn.  with  Tbi-kxtbofsbnic  Acid.    (See  Fhbnoi..) 
irXT&OPBawoZO  ACXB.    SeePmsNOic  Acm. 
WZTROPRBirO&.     See  Phtool. 

See  pHBNTLAicnrB. 

IS.    See  Cabbamidbs  (L  756). 
WTSVLOWMMM 1 1»»y  1I"1>T  A  HIXMa.     See  PHXMTLBKB-DiAJOiras. 
anT&OVBBVT%-PBOaFBOBlC  ACrD.    See  Phosphoric  Ethbss. 

VXnU^PHJUl  IJb-PT&OTA&TBABKXO      ACZO.  See    Ptbotabtbaxio 

Ethebs. 

]nT&OFBBWT&-ftir&VBUBZC  and  BmLPBUBOm  ACXBS.  See  Sul- 
FRUBio  and  Sulfhtjbous  Ethbbs. 

BTXTBOPBXiOBBTZV.    See  Pslobitin. 

BXTBOPB&OBOCHLVCSX'.     See  PHl«0B00Z.VClir. 

vmOPBTBAXiBMB.  CJ'H^p^O*).  (Busart,  Ann.  Ch.  Phys.  [3]  xliy.  332.) 
— A  compound,  isomeric  with  nitro-dnnamene,  formed  by  the  action  of  potash  on  nitro- 
naphthalene.  To  prepare  it,  2  pts.  of  caustic  potash  oissolyed  in  as  little  water  as 
possible  are  mixed  with  1  pt  of  fre$th  slaked  lime,  to  which  nitronaphthalene  is  gm- 
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doally  added.  The  action  begins  almost  immediately,  the  mixture  becoming  reddish. 
The  mass  is  kept  for  abont  six  hours  at  a  temperature  not  exceeding  100^,  and  is 
stilted  from  time  to  time,  the  eTaporated  water  being  replaced ;  the  whole  is  then 
'added  to  a  large  qnantitj  of  water  and  allowed  to  settle  down;  the  alkaline  solution, 
coloured  deep  yellow  by  nitrophthalinic  acid,  is  decanted  off;  and  the  deposit  is  washed 
with  water  until  the  latter  is  onlY  slightly  coloured.  The  Ume  is  remoTed  from  the 
brown  residue  by  dilute  hydrochloric  add,  and  the  remainder  thrown  on  a  filter  and 
washed  with  water.  The  nitrophthalene  can  only  be  separated  from  the  brown  mat- 
ter with  which  it  is  mixecl  by  aistilling  with  steam ;  it  then  passes  over  in  oily  drops 
which  ciystallise  on  cooling.    If  distilled  alone,  the  product  is  less  pure. 

Nitrophthalene  is  of  a  straw-yellow  colour  and  crystallises  on  cooling  from  hot  alco- 
hol in  long  needles,  which  are  tasteless  and  have  a  faint  odour.  It  melts  at  48^, 
begins  to  boil  at  280^,  and  distils  over  in  large  quantities  between  300^  and  320^,  learing 
a  ^ght  carbonaceous  residue.  ^  It  is  not  soluble  in  cold  water,  but  when  distilled  with 
water,  imparts  to  it  an  aromatic  odour  and  separates  on  cooling  in  needles  having  a 
silky  lustre.  It  is  but  slightly  soluble  fti  cold  alcoholy  but  readify  in  hot  alcohol ;  dis- 
solves abundantly  in  ether  and  in  coal-oil. 

Nitrophthalene  heated  with  a  strong  solution  at  potash,  yields  nitrophthalie  acid ;  less 
readily  with  hydrate  of  calcium  or  barium.  When  distilled  with  Sij  potash-lime,  it 
eyolves  much  ammonia,  while  an  odorous  oil  distils  over,  and  the  sides  of  tlie  retort 
become  covered  with  long  yellow  needles  which  dissolve  in  sulphuric  acid  with  a 
beantiftd  violet-blue  colour.  The  oil  is  slightly  soluble  in  water,  and  the  solution  (pves 
with  fienic  salts  an  indigo-blue  precipitate.  Sulphide  of  ammomwik  oonverts  mtro- 
phthalene  into  phthaldine,  sulphur  separating  out : 

C»H^O«  +   8H«S     -     C«H»N  +  2H«0  +  S«. 

VXTBOFBTBASJC  ACSB.    See  Phthalio  Acm. 

See  Phthauluidbs. 

CO  AOnK  C*HVNO<)0'?  (Dusart,  200.  <»t>--Thi8 
acid  is  formed  in  the  preparation^  of  nitrophuialene  as  above  described,  and  is  pre-  • 
cipitated  frtmi  its  aqueous  solution  by  hydrochloric  acid,  in  golden  flodu^  which,  by 
solution  in  a  mixture  of  1  pt  water  and  2  pts.  alcohol  of  36^,  may  be  obtained  in  stellate 
groups  of  golden-yellow  needles.  It  is  inodorous  and  tasteless  at  first,  but  leaves  a 
pungent  after-taste.  When  heated  in  a  tube,  it  melts,  gives  off  an  odour  of  c^jranide  of 
ammonium,  and  leaves  a  large  quantity  of  charcoal.  It  is  sparingly  soluble  in  vMter, 
more  soluble  in  alcohoL  Its  ammoniacal  solution  forms  yellow  precipitates  with  salts 
of  calcium  and  barium  ;  greenish-yellow  with  cupric  salts  ;  red  with  mWT'SaUs,  The 
lead-salt  is  jvecipitated  in  orange-yellow  flocks,  which  when  dry,  explode  by  heat, 
or  by  contact  with  oil  of  vitriol.  The  potassium-salt  forms  reddish-jellow  manunillated 
crystals,  very  soluble  in  water ;  the  solution  possesses  great  colouring  power. 

Syn.  with  NrmoiCBCoiaN.    (See  Mbcomut,  iii.  803.) 
Syn.  with  Picnic  or  Tbdhtbofhinio  Aon>. 
WZTBOFICIIOTOaUMa.    See  PiCBOTOXDfB. 
VITXOPROVZOWZO  ACZB.     See  Pbopiomic  Acid. 

VZTBOVAVBSZBBS  or  NiTBOpRnssiATBS.  Syn.  with  KiTBOFBBBZCTAinDBS. 
(See  Ctaiodbs  op  Ibon,  ii.  250.) 

MTJBM/OIWTWanKMm    SeePTBBNB. 

VXTBOmAOaano  ACZB.    See  Racxkic  Acid. 

VZTBOSACKJBAXOSa. — A  substance  formed  by  the  action  of  Aiming  nitric 
acid  (Sobrero),  or  of  a  mixture  of  nitric  and  sulphuric  acids  (Schonbein, 
Reinsch)on  cane-sugar.  It  is  a  white  transparent  resin,  friable  in  the  cold,  but  at 
ordinary  temperatures  soft,  glutinous,  and  ropy.  It  is  neutral,  inodorous  and  bitter ; 
melts  at  abopt  30°  (Beinsch).  It  is  insoluble  in  cold  water,  but  melts  to  an  oil  and 
slowly  dissolves  in  boiling  water;  the  solution  gives  the  reactions  of  nitrites 
(Schonbein).  It  dissolves  freely  in  alcohol,  ether,  axid  fixed  oils.  It  explodes  when 
heated  on  platinum  foil  or  by  percussion ;  and  deflagrates  when  touched  with  a  glow- 
ing splinter  (Beinsch).  When  heated  with  solid  caustic  potash,  it  fix>tlis up^  blackens 
aiki  Uien  takes  fire  (SchSnbein).    See  GmeUn's  Handbook,  xv.  295. 

See  Sauctlaxidxs. 

\.    See  Salictlic  Acid. 

VZT&OBAUCnxZBBS.    See  Salictlovs  Acid,  Dbbtvativxs  or. 

jl  ITMOSO-COMVOmnOS. — Bodies  formed  by  the  substitution  of  the  monato- 
mic  radicle,  NO,  for  an  equivalent  quantity  of  hydrogen ;  thus  nitrous  acid,  HNO*,  may 
Vol.  IV,  I 
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be  regarded  m   j^|  O,  tlut  ig  as  a  moleeole  of  water,  in  which  half  the  hydrogen  i» 

replaced  by  nitroeyl ;  and  similarly  for  aU  the  nitrites. 

G«Hi*NH) -*  0*Hi«(NO)N.  (Genther  andKrentshage, 


Ann.  Ch.  Pharm.  czzvii.  43.) — ^This  body,  which  has  the  oomposition  of  diethylamiiie, 
C^H"N,  in  which  1  at.  hydrogen  is  replaced  by  nitrosyl,  is  prodnoed  by  the  action 
of  nitrite  of  potassinm  on  hydrMhlorate  of  diethylamine : 

C«H"N  +  HNO«     •    C«H"NH)  +  H«0. 

The  materials  are  distilled  tooether  at  a  sentle  heat ;  the  nitrosethylin  is  freed  from 
diethylamine  by  redistilling  the  liquid  after  neatralisation  wiih  sulphuric  acid ;  the 
sulphate  of  diethylamine  whidi  remains  is  completely  converted  into  nitroeethylin  by 
repeated  treatment  with  nitrite  of  potassium ;  and  the  nitroeethylin,  after  dehydra- 
tion with  chloride  of  calcium,  is  r^:tified  in  a  stream  of  carbonic  anhydride,  the 
portion  which  distils  at  about  176^  being  collect')d  apart. 

Nitrosethylin  is  an  oily  liquid  of  &int  yellowish  colour,  peculiar  aromatic  odour,  and 
burning  taste.  It  has  a  roedfic  gravity  of  0*951  at  17*6^  aiid  boils  at  176-9<^.  When 
exposed  to  the  otr,  it  graduallY  turns  brown.  It  dissolves  in  strong  hydrochloric  acid^ 
forming  a  dark  coloured  liquid,  which  is  decomposed  bpr  heat^  giving  off  nitric  oxide 
and  leaving  hydrochlorate  of  diethylamine.  The  reaction  is  evidently  the  reverse  of 
that  by  which  nitrosethylin  is  formed  (see  the  above  equation),  the  nitrous  add  first 
set  free  being  immediately  resolved  into  nitric  oxide  and  nitric  acid.  Nitrosethylin 
absorbs  hydrochlorie  acid  goB^  forming  a  thidc  liquid,  in  which,  after  the  excess  of  hydro- 
chloric add  has  been  removed  by  a  stream  of  carbonic  anhydride,  crystals  are  formed, 
which  dissolve  easily  in  water.  The  action  of  chlorine  on  nitrosethylin  also  gives  rise 
to  aystalline  products. 

«ZTmOSO-J«A&0«IO  ACI9.  C'H'NO*  «  C*H'(NO)0\  (Baeyer,  Ann.  Ch. 
Pharm.  rmi.  293.) — ^This  add  is  produced,  not  directly  from  malonic  acid  (iii.  799), 
but  by  the  action  of  potash  on  violurie  add,  C^H'N*0\  which  is  itselfprodnced  by  the 
action  of  mttons  add  on  barbituric  add  (malonyl-carbamide,  CH*(C'H*0*)'T?*0),  and 
has  the  oompodtion  of  nitroso-malonyl-carbamide,  GH(NOXC>(H'0*)''N*0  (see  Unic 
AdD,  BBniTiLTivis  or).    The  reaction  is  as  follows : 

[C^NO)^j;)  ^     2HK)     =    C^OJN.     +     [C«(NO)0^jo. 

Mltroao-awlooyl-  Carbamide  Nftroto-nnlaQte 

esrhanlde. 


Malonic  add  is  produced  from  barbituric  add  in  a  precisely  similar  manner. 

To  prepare  the  add,  violurate  of  potassium  is  wanned  with  potash-ley  of  spedfic 
gravity  1*2 ;  the  brownish  Uquid  is  decolorised  by  addition  of  a  uight  excess  of  acetic 
acid  and  a  few  drops  of  alcohol,  then  filtered  and  mixed  with  about  twice  its  volume 
of  alcohol ;  the  nitroso-malonate  of  potassium,  which  fijrst  separates  in  oily  drops  and 
then  crystallises,  is  converted  into  a  silver-salt;  and  this  last  is  decomposed  with  hydro- 
chloric add.  The  solution  thus  obtained  yields  nitroso-malonio  add,  by  evapozation 
in  vacuo,  in  shining  prismatic  needles,  very  soluble  in  water,  and  containing  water  of 
crystallisation  whidi  they  give  off  over  oil  of  vitrioL  The  aqueous  solution  begins  to 
decompose  when  gently  heated,  and  is  completely  resolved  at  the  boiling  heat  into 
prusnc  add,  carbonic  anhydride  and  water : 

C^NO)0*     -     CNH     +     2C0«     +     H»0. 

The  dry  add  heated  on  platinum-foil,  first  melts^  and  then  decomposes  with  a  sharp 
report. 

^  Nitroso-malonic  add  is  dibasic,  but  only  neutral  salts  of  it  have  been  obtained ;  the 
nitroso-malonates  of  the  alkali-metals  dissolve  readily  in  water,  but  are  precipitated  by 
alcohol ;  those  of  the  earth-metals  and  heavy  metals  are  insoluble  or  sparing^  soluble, 
and  may  be  obtained  by  predpitation. 

The  potasaium-^saU,  <7HK*(N0)0^  is  predpitated  from  its  aqueous  solution  by 
alcohol,  in  oily  drops  which  soon  solidify  if  the  alcohol  be  quickly  added,  in  larger 
lamine  by  slower  raedpitation.  The  lead-^alt  is  a  ciystalline  precipitate  containing 
C»HPpb''(N0)0\2H*0.  The  nlver-aaU,  C«HAg»(NO)0*.H«0,  is  obtained  as  an 
amonibous  predpitate  which  soon  becomes  cryirtalline.  It  is  blackened  by  li^t» 
dissolves  easily  in  nitric  add  and  in  ammonia,  and  does  not  part  with  its  water  of 
crystallisation  at  110^. 

The  soluble  salts  of  nitroso-malonic  add  give  a  red  colouring  wiihfirrie chloride,  and 
a  dark  olive-green  predpitate  with  otyprie  wits. 
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AmldMBaloBlo  acidf  0'H*(NH')0*.  AprodiiotcftheMdiictionofnilxoio-maloEiic 
add  by  sodimn  amaJgin  : 

C^>(NO)0«     +     H*     -     Cra»(NH^O*     +     H«0. 

It  OTStallisefl  ttom  Aqneoos  solutioii,  by  eTapomtioa  in  Yaeao,  in  rather  laise,  iU- 
deflned,  ahining  pziamfl ;  by  precipitation  with  alcohol  in  needles.  The  cryatua  con- 
tain 'water,  whLh  they  graooaUy  lose  over  oil  of  TitrioL  The  add  melts  when  heated, 
giving  off  carbonic  anhydzide^  and  leaving  a  residue  of  glyeocine : 

C»H»NO*    «     C0«     +     C«H»NO«. 

The  same  decomposition  takes  place  <»  wanning  the  ac^neoos  sdntion. 

Amidomalomo  acid  is  qnickfy  decomposed  by  oxidising  agents.  When  iodins  i* 
added  to  an  aqneons  solution  of  the  aad  containing  a  snufl  quantity  of  iodide  of 
potasdnm,  the  product  is  mesozalic  acid  (iiL  932)^ 

0«H*NO*     +     H«0     +     I«     -     C»H«0*     +     HI     +     NH*I 

AnidoaiAlonIo  MMozallc 

add.  add. 

The  amidomalonates  of  the  alkali-metals  are  easily  soluble  in  water  and  are  prer 
dpitated  in  omtals  by  alcohoL  The  other  amidomalonates  are  sparingly  soluble 
czystalline  precipitates.  The  barium-  and  calcium-salts  dissolve  with  tolerable  facility 
in  hot  water,  and  crystallise  therefrom.  The  copp^'-salt  is  a  white-green  precipitate. 
The  potassium-salt  mixed  with  cupric  acetate  appears  to  form  a  blue  double  salt.  The 
alcoholic  solution  of  the  add  heated  with  eupric  salts,  throws  down  cuprous  oside.  The 
lead-  and  silver-salts  are  crysteUine  predpitates.  The  add  a|^|>ear8  to  be  monobado, 
forming  with  neutral  acetate  of  lead  only  one  salt  containing  CH^PbNO^  or 
C*H«Ppb'TJ*0«. 

WXTBOSOVAranuUfaOr.  C>*B*(NO)N?  Perkin  and  Church  (Chenu 
8oc.  Qu.  J.  iz.  1 ;  Jahresb.  1856,  p.  607),  b^  the  action  of  nascent  hydrogen  on 
dinitronaphthalene,  and  by  that  of  nitrous  acid  on  naphthylamine^  or  of  nitrite  of 
potasdum  on  hydroehlomte  of  napththylamine,  obTained  a  dark  coloured  arstalline 
substance  to  which  they  assi^ed  the  above  name  and  formula.  But  from  subsequent 
researches  on  the  action  of  nitrite  of  potasdum  on  salts  of  napththylamine  (Chem.  Soc. 
J.  xvi  207X  ^^  oondude  that  the  product  formerly  obtained  was  not  a  definite  com- 
pound, but  a  miztnre  of  two  or  more  different  substances,  and  that  when  proper  pre- 
cautions are  taken  to  ensure  a  definite  reaction,  the  product  consists  essentially  of 
azodinaphthyldiamine,  C^H'^N*  (p.  23);  they  are  also  of  opinion  that  the  body 
formerly  described  by  them  as  nitrosonaphthalin  has  no  existence.  Conddering  how- 
ever that  this  supposed  body  is  exactly  analogous  in  compodtion  and  'mode  of  for- 
mation to  nitrosethylin  and  nitrosophenylin,  and  that  the  reaction  by  which  it  was 
originally  obtained  is  said  to  have  given  rise  to  the  formation  of  more  than  one  com- 
pound, its  existence  cannot  periiaps  be  regarded  as  completely  disproved.  The  action 
of  nascent  hydrogen  on  dinitronaphthalene,  by  which  nitrosonaphthalin  was  first  ob- 
tained, does  not  appear  to  have  been  re-examined. 

«nnu>809aBnzar.  (yWSH)  -  (XE«(N0)N.  Perkin  and  Church 
(Chem.  Soc.  Qu.  J.  ix.  1). — This  substance,  which  is  analogous  in  composition  to 
nitrosethylin  and  nitrosonaphthalin,  and  may  be  regarded  as  phenylamine  (CfH'N), 
in  which  1  at  H  is  replaced  by  NO,  is  obtained  by  me  action  of  nascent  hydrogen  on 
dinitrobenzene.  When  a  piece  of  pure  zinc  is  immersed  in  a  cold  saturated  alcoholic 
solution  of  dinitrobenzene,  and  strong  hydrochloric  add  is  gpradually  added,  the  evolu- 
tion of  hydrogen  soon  ceases,  and  the  liquid  gradually  acquires  a  crimson  colour.  At 
the  end  of  the  reaction,  the  dnc  is  to  be  taken  out,  the  liquid  completely  neutralised 
with  alkali,  and  the  dark  coloured,  zinc-oxide  repeatedly  washed  with  strong  alcohol. 
The  alcoholic  solution  when  evaporated,  leaves  nitrosopnenylin,  which  may  be  purified 
by  washing  with  water,  re-solution  in  alcohol,  and  evaporation  over  the  water-bath. 

Nitrosophenylin  is  a  black,  shining,  brittle  sabstance,  which  melts  when  heated,  and 
then  decomposes ;  is  nearly  insoluble  in  loateTf  very  slightly  soluble  in  bemene,  easily 
soluble  in  acide  and  in  alouhol.  An  idcoholic  solution  containing  only  0-2  per  cent, 
nitrosophenylin  appears  opaque  and  of  a  shining  orange-red  colour  by  reflected  light. 
Strong  hydroehiorio  or  sutphurie  add  dissolves  nitrosophenylin  witii  a  splendid  crimson 
colour;  boiling  fdtric  acid,  with  yeUow;  fumwn^  swphuric  acid^  with  brown  colour. 
Alkalis  predpitate  it  from  its  add  solutions  without  alteration,  at  least  if  they  act  for  a 
short  time  only.  By  the  prolonged  action  of  nascent  hydro^m^  nitrosophenylin  is  con- 
verted into  a  colourless  substance  not  containing  oxygen.  When  heated  with  8oda4im$ 
it  gives  off  all  its  nitrogen  as  ammonia  and  aniline. 

VnntOSO-FIPBJU BUI  a.    See  Pifbbidins. 

i2 
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eommonly  called  Nitrosulphates.  These  salts,  pro- 
duced by  the  simultaneous  action  of  nitric  oxide  and  sulphurous  anhydride  on  alkaline 
liquids,  are  usually  regarded  as  sulphates  in  which  one  atom  of  oxygen  is  displaced  by 
2  atoms  of  nitrosyl^  e^.  K^SO'(NO)*.  A  dry  mixture  of  2  vol.  sulphurous  anhydride 
and  4  toL  nitric  oxide,  though  of  itself  permanent,  is  gradually  absorbed  by  a  strong 
solution  of  caustic  potash  or  soda,  with  formation  of  a  nitrosoeulphate  of  alkali-metal. 
Niirosoiulpkate  of  ammonium  is  prepared  by  passing  a  current  of  nitric  oxide  gas  for 
some  hours  through  a  cooled  mixture  of  one  measure  of  concentrated  solution  of  sul- 
phite of  ammonium  with  five  or  six  measures  of  aqueous  ammonia.  Beautiftil  white 
crystals  gradually  form,  which  are  to  be  washed  with  an  ice-cold  solution  of  ammonia, 
dried  in  yacno,  and  preserred  in  a  well-dosed  bottle.  The  potasnum-  and  sodtum-salts 
may  be  pepaz«d  in  a  similar  manner.  They  are  rather  more  stable  than  the  ammo- 
nium-salts. 

Nitrososulphate  solutions  haTe  a  sharp  bitter  taste ;  they  are  neutral  to  test-pap^ 
and  do  not  give  any  precipitate  with  chloride  of  barium.  They  are  permanent  only  at 
the  freezing  point  or  in  presence  of  an  excess  of  caustic  alkali.  Their  spontaneous  de- 
composition mto  nitrous  oxide  and  a  sulphate  Taries  in  its  rapidity  according  to  the 
temperature.  Free  adds  and  most  metallic  salts  transform  the  nitroso-sulphates  im- 
meoiately  into  sulphuric  add  and  nitrous  oxide  gas.  A  similar  decomposition  of  the 
salts  is  eflfected  by  contact  with  spongy  platinum,  charcoal,  oxide  of  silver,  peroxide  of 
manganese,  &c : — 

K«SO«(NO)«     -    m30*     +     NK). 

Dry  nitrososolphate  of  ammonium  is  decomposed  with  almost  explosiye  yiolence  when 
heated  to  a  temperature  a  little  above  that  of  boiling  water.  ( Odlin^a  Manual  of 
Chemistry,  p.  272.) 

HXTROSTI&BZO  ACXB.  C>^H"(KO*)0«  ?— ^An  add  formed,  together  with 
several  other  products,  by  the  action  of  boiling  nitric  add  on  stilbene  (q.  v.).  It  is  a 
yellowish  pomler,  nearly  insoluble  in  water,  but  soluble  in  alcohol,  and  still  more  so 
in  ether.    (Laurent,  Key.  Sdent  xvi.  373.) 

8yn.  with  NrraoctHNAifBini.  (See  CufirAJtBsni,  i.  983.) 


}  ACXB.  Laurent's  name  for  the  compound  SO'(NO')H 
whidi  he  supposed  to  constitute  the  etystals  of  the  sulphuric  add  chambers. 


Syn.  wiUi  Nithoso-sulfhatss. 

or  XSOW.    See  Ibok  (iii.  391). 

VXTSOSmbPBOBBWXZBB.     See  SvLFBOBBXtmiL 

VXmosmtPSOBBMSXXIZO  AOZB.  Syn.  with  NiTBOPmDrrL-sxTLPHUBous 
Acn>.    (See  Stjlfbxjrovb  Eteibs.) 

Ji  AT AOS  U  l^raOCnriKOlAO  AOZB*    See  SuLFHOOTMOUC  Acm. 

Ji  AT MOWTliyHOH'APgTW  II  TtfO  AOXS.    See  Svlfhokaphthauo  Acm. 

Ji  ATMOSVXiPBOTOILinXZO  AOXSa    See  Suiphotolutuc  Acm. 

Si  ATJftOBVXiPKOaCTliO&XO  ACXB*    See  Sulfhoxtlouc  Acm. 

VXTKOSTXi  or  AZOTT&.    The  name  of  nitric  oxide  in  combination. 

WXTKOflYXp  OB&OSXBB0  OF.  Nitrosyl  forms  two  chlorides,  a  proto-  and 
adi-chloride. 

The  protoehloride,  NOCl,  also  called  ChioronUrotu  aaSf  is  produced  by  the  direct 
combination  of  chlorine  and  nitric  oxide  gases,  1  vol.  01  and  2  vol.  NO  uniting  to 
form  2  vol.  chloride  of  nitrosyl ;  it  also  constitutes  the  prindpal  product  of  the  latter 
stage  of  the  decomposition  of  nitromuriatic  acid  (p.  112). 

Fkotochloride  of  nitzooyl  is  a  deep  orange-coloured  gas.  It  is  condensed  by  afreedng 
mixture  of  ice  and  salt,  into  a  red  faming  liquid,  possessing  the  peculiar  smell  of  nitro- 
muriatic add.  It  is  decomposed  by  water  into  hydrodilorio  and  nitrous  adds,  and 
acts  in  a  similar  manner  on  alkaline  hydrates,  forming  a  chloride  and  a  nitrite  of  the 
alkali-metal: 

NOa  +  2KH0  -  Ea  +  K(NO)0  +  H*0. 
It  is  decomposed  by  mercniy,  with  formation  of  oalomd  and  liberation  of  nitric  oxide : 

NOCl    +     Hhg    ^    HhgOl     -i-     NO. 
It  does  not  act  on  gold  or  platinum. 
Diekloride  of  Nitrosyl^  NOCl*,  called  by  Gay-Lussac,  who  discovered  it, 
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Chloro-ftiirie  gas,  is  obtained  bj  distilling,  at  a  gentle  beat  in  a  water-bath,  a  mixture 
of  1  pt  of  strong  nitric  acid  with  about  3  pts.  of  hydrochloric  add.  The  products 
should  be  passed  first  through  a  Tessel  sunounded  with  ioe,  and  then  through  a  U-tube 
immened  in  a  mixtoie  of  ioe  and  salt.  In  this  tube  the  compound  condenses^  while 
free  chlorine  escapes  as  gas : 

HNO«     +     8HC1     -    N0C1«     +     2HK)     +     CL 

Didiloride  of  nitrosrl  is  a  transparent,  red,  fuming  liquid,  which  may  be  dried  over 
chloride  of  calcium.  It  boils  at  —  7^,  being  conyertod  into  a  deep  lemon-yellow  gas  or 
Tapour,  smelling  strongly  of  nitromuriatic  acid.  When  decomposed  by  tdkaline  hy- 
drates,  it  forms  a  nitrate  as  well  as  a  nitrite  and  chloride  of  the  aUcaJi-metal,  thus : 

2N0a«  +   6KH0  =  iKCi   +  KNO« '+   KNO«  +   3H»0. 

It  reacts  in  a  similar  manner  with  water,  producing  nitrous,  nitric  and  hydrochloric 
acids.  With  excess  of  mercury  it  forms  cornel  and  nitric  oxide.  It  does  not  act  on 
gold  or  platinum. 

IT  AMMO  AOZB.    See  Tabtabic  Aom. 

Syn.  with  (hLOUuraorEAxm  (i.  926). 

^TOIiVXDm.  Syn.  with  NxTROBSMzrULicna.  (SeeBBMZTLAKxini,i.576.) 

'  wmtOTOJtUMMM  or  VITBOTOZiiroXii  Syn.  with  Htdbidi  or  Nitbo> 
BBiczTi..    (See  Benztx,  Htdbidb  of,  L  674.) 

WITBOTOliimjkMIllB.    See  ToLUTLAMma. 
MlTBOTO&inxiO  ACnB*    See  Tolutuo  Acid. 

See  TTBOsnni. 

See  Valbbiamio  Acm. 
Ji  IT JfcO VSOUkTBIO  ACISa    See  Vibatbic  Acm. 
LTmo&.    See  Vbbatboi*. 

See  Aktlbnb  (i.  208). 

WTTMOXYMUVnTDM  OWm  The  name  siTen  by 
Guthrie  to  the  compound  C'*H'*S(NO')^,  produced  b^  heating  disulphochforide  of 
amylene  (i.  209)  with  strong  nitric  acid.  A  violent  action  then  takes  place,  the  disul- 
phoehloride  being  iwitly  converted  into  sulphuric,  hydrochloric,  and  oxalic  add,  together 
with  a  coiyugated  sulphuric  add,  not  yet  examined,  partly  into  the  compound 
Qi«£[i^^()t^4^  which  distils  over  as  a  heavy  green  liquid,  insoluble  in  water,  and  may 
be  obtained  pure  by  washing  and  drying.  It  is  soluble  in  alcohol  and  ether,  and 
appears  to  be  very  easily  decomposed  by  sulphide  of  ammonium.  (Guthrie,  CHiem. 
Soc  On.  J.  xiv.  138.) 

11 IVMIOIITW  or  WXntOSmi*    Syn.  with  Nitbtl. 

WXTSOaCTBBSSOIC  AVtDm    See  OxYBiKzoic  Acid. 

WXTBOSTXBVS  or  MXTKOnxolto    See  Xtx^mb. 


The  name  giyen  by  Wertheim  to  the  compound, 
C*H>*(NO)N,  more  properly  called  Niiroso-jnperi&u.    (See  PirBBmnrB.) 

WirmOZnAPHTSAUO  ACSZH.  C>«H^0'  -  C'*H'(N0«)0?  (Dusart» 
Compt.  rend.  lii.  1183  ;  lUp.  Chim.  pure,  1861,  p.  315 ;  Jahreeb.  1861,  p«  644.)---An 
add  produced  by  the  oxidation  of  nitronaphthalene.  When  a  mixture  of  1  pt  nitrcv- 
naphthalene,  1  pt  caustic  potash,  and  2  pts.  slaked  lime  is  heated  to  140°  in  a 
tubulated  ret<»t  through  wnich  a  current  of  air  or  oxygen  is  slowly  passed,  the  gas 
is  absorbed,  the  mixture  turns  yellow,  and  the  oxidation  is  nearly  completed  in  ten 
or  twelve  hours.  Water  extracts  from  the  product  a  reddish-yellow  potaadum-salt 
possessing  great  colouring  power,  and  adds  aaded  to  the  solution  throw  down  a  thick 
yellow  magma  of  nitroxyna^thalio  acid,  which  may  be  purified  by  washing  with  water. 

Nitroxynaphthalic  add  dissolves  easily  in  water,  alcohol,  wood-spirit,  and  acetic  acid, 
and  crystallises  from  the  latter  on  cooling  in  needle-shaped  crystals  of  a  fine  golden 
yellow  colour.  It  has  a  cooling  taste  with  bitter  after- taste.  It  melts  at  about  100^, 
and  is  not  volatile.  It  is  a  weak  add,  forming  with  the  alkalis,  strongly  coloured^ 
veiy  soluble,  ciystaUisable  salts,  the  solutions  of  which  form  coloured  predpitates. 
with  metallic  salts.  It  unites  with  add  sulphate  of  potassium,  forming  a  colourl^^a 
Bait 

Busart  assigns  to  nitroxynaphthalic  acid  the  formula  C'*ff'(NO*)O.HO,  and  to  its 
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■alts  th«  fommla  C^B'(NO*)0.M0,  that  ie  to  my  he  regards  the  acid  as  diffarinff  ftom 
nitronaphthalene  by  the  addition  of  1  at  water  (frO),  and  1  at  O,  or  by  1  at.  HCF.  As 
such  a  constitation  is  contraiy  to  all  analogy,  Wurts  (lUp.  Chim.pnre,  1861,  p.  316) 
suggests  that  the  acid  may  be  formed  ttom  nitronaphthalene,  either  by  addition  of  2  at 
HO,  making  the  formuU  C»IP(NO*)€^  or  C"H»(NO«)0,  or  else  by  addition  of  2  at 
HO^  or  HO  to  2  at  nitronaphthalene,  which  would  give  the  formula  C»H'«N*0*  - 
C»H««(NO«)«0«. 

Nitroxyn^hthalic  acid  beoomes  heated  in  eontset  with  stdpkune  arid^  and  eliminates 
sulphurous  anhydride.  It  is  stronffly  attacked  l»y  nUrio  aeid,  yielding  oaudio  add  and 
a  resin  which  b^  prolonged  action  is  converted  into  phthalic  add.  By  reducing  agent* 
it  is  converted  into  oxynaphthylamine,  a  weak  base  to  which  Dusart  assigns  the 
formuhi  C^WNO^.    It  is  more  proUbly  either  C"H»KO«  or  C»H»N«0« 

JIATJIIIK.  This  name  is  or  has  been  applied  to  several  salts  of  nitric  add  and 
products  derived  from  them,  e,g,:  Nitrum  antmoniatum:  an  obsolete  pharmaceutical 
preparation  consisting  chiefly  of  nitrite  of  potassium  mixed  with  nitrato  and  sulphate 
of  potassium,  obtained  as  a  bye-product  in  me  preparation  of  washed  oxide  of  antimony 
{antimonium  diaphoreticum  aMUtum\  by  igniting  sulphide  of  antimony  with  saltpetre 
and  washing  the  product  with  water. — Nitrum  eubieum  :  nitrate  of  sodium. — Nitrum 
fixvm :  nitrate  of  potassium;  also  carbonate  of  potassium  obtained  by  deflagrating  salt- 
petre with  charooaL — NUrum  JlammanB  :  nitrate  of  ammanium. — Nitrum  tabtdatum 
or  Sal  prunella:  fused  saltpetre  (p.  101). 

Nitric  peroxide  in  combination  (see  page  77)* 


MOMMMOXtAfTUMMm  Chemical  nomenclature  is  the  spoken  langnaae  of 
chemistry,  as  the  Symbolic  Notation  is  the  written  language  of  the  science.  Being 
thus  at  once  the  product  and  the  instrument  of  thought  upon  chemical  subjects,  it  has 
necessarily,  at  eveiy  period  in  the  history  of  the  science,  reflected  the  general  intellec- 
tual character  of  the  time,  as  well  as  the  stage  of  development  which  chemistir  had 
reached.  Thus  the  early  and  deeply  rooted  belief  that  the  heavenly  bodies  exercised  a 
direct  influence  on  all  terrestrial  aflBurs,  gave  rise,  among  the  early  cultivators  of 
physical  sdeuoe,  to  the  idea  that  they  severally  determined  the  characters  and  properties 
of  the  different  metals ;  and  this  idea  recorded  itself  in  the  language  of  chemistry  by 
such  names  as  Sol  for  gold,  Imna  or  Diana  for  silver,  Mercury  for  quicksilver,  Jupiter 
for  tin,  Mars  fas  iron,  Venue  for  copper,  and  Saturn  for  lead.  Traces  of  this  nomen- 
clature still  remain  in  expressions  not  yet  gone  quite  out  of  use ;  as  Lunar  caustic^  arbor 
Dianm,  Martial  pyrites,  tincture  of  Man,  Saturnine  poisoning,  and  the  like,  to  say  nothing 
of  mercury,  which  is  still  universally  employed.  The  language  of  the  alchemists  was 
made  up  in  great  part  of  names  involving  &r-fetehed  comparisons^  indicatingthe  mystical 
habits  of  thought  of  those  who  invented  and  employed  them,  so  that  it  is  now  next  to 
impossible  to  say  upon  what  prindples  it  was  founaed — ^if,  indeed,  it  was  based  upon 
any  general  prindples  at  all— or  what  ideas  it  was  meant  to  conv^.  In  the  language 
of  I^voisier,  speaking  of  the  alchemists — "  H  leur  aurait  M  difficile  de  transmettre  k 
leurs  lecteurs  ce  qu*ib  n'avaient  pas  eux-m6mes,  des  id^  justes  et  vraies.  Be  plus 
leur  objet  n'^tait  pas  toigours  de  se  faire  entendre.  Hs  se  servaient  d'un  langage  uiig- 
matique  qui  leur  6tait  particulier,  qui,  le  plus  souvent,  pr^ntait  un  sens  pour  les 
adeptes,  un  autre  sens  pour  le  vulgaire,  et  qui  n'avait  rien  d*  exact  et  de  clair  ni  pour 
les  una,  ni  pour  les  autres.  CTest  aind  que  I'huile,  le  mercure,  Teau  eUenntaie  des  phi- 
losophes  n'etaient  ni  I'huile,  ni  le  mercure,  ni  Teau  dans  le  sens  que  nous  y  attachons. 
Uhomo  galeatue,  Thomme  arm^  d^signait  une  cucurbite  gamie  de  son  chapiteau ;  la  t^to 
de  mort,  un  chapiteau  d'alembic ;  le  pelican  exprimait  un  vaisseau  distillatoire;  le  caput 
mortuum,  la  torre  damn^  signiflait  le  r^idu  d  une  distillation."  At  a  later  period,  ideas 
of  a  more  material  order  inspired  the  language  of  our  sdence,  and  slight  resemblances 
in  some  external  character  oetween  certiun  chemical  producte  and  common  artides  of 
household  life,  gave  rise  to  such  names  as  ot/  of  vitriol,  oU  of  tartar  by  deliquescence, 
cream  of  tartar,  milk  of  lime,  butter  of  antimony,  sugar  of  lead,  liver  of  sulphur ; — 
names  which  surely  justified  Dumas  in  saying  ''Les  chimistes  semblaient  avoir  empnmtd 
le  langage  des  cuisinit^res."  But  the  mappropriate  character  of  tlie  names  of  indi- 
vidual substances  was  not  the  only  defect  of  cnemical  nomenclature  in  early  times : 
another  great  fault  was  the  multipiidty  of  names  borne  by  a  single  substance.  Thus, 
for  example,  the  body  now  known  as  sulphate  of  potassium  was  called  vitriol  ofpotash, 
mtrioHsed  tartar,  vitriolised  niiref  sal  de  duobus,  arcanum  duplicatUTn,  sal  dupUcatum, 
panacea  dvplicata,  sal  pclychrestum  Glauberi;  and  carbonate  of  potassium  was 
faced  salt  of  tartar,  faced  vegetable  alkali,  aJhated  faced  vegetable  alkali,  chalky  tartar 
(tartre  crayeux),  mepMtic  tartar,  nitrum  facum  per  se,  AlKaheet  of  Vankdmont,  eUcaU 
extemporaneum,  &c. 

According  to  Lavoider,  the  merit  of  having  made  the  first  attempt  towards  the 
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introduction  of  a  nomendatnre  baaed  npon  truly  chumifal  principles,  ia  chiefly  dne  to 
Hacqner  and  Banm6 :  "  (Test  k  enz  qn'on  doit  principalement  d*aToir  d^sign^  les 
selfl  m^talliqnes  par  le  nom  de  I'acide  et  dn  m^tal  qni  entrant  dans  leor  composition ; 
d'avoir  dasM  sons  le  nom  de  vUrioU  tona  les  sels  zmltants  de  la  dissolution  d'nne  sab- 
stance  m^taniflue  dans  Tacide  Titriolique ;  sons  le  nom  de  nitres  tons  les  sels  dans 
lesqnels  entre  I'acide  nitrenz  "  [nitric  acidl.  A,  farther  advance'  towards  a  systematio 
nomendatore  was  made  byBergmaninnis  Sciagraphia  regni  rnineralU,  first  pub- 
lished in  the  Upsal  Tnu]sactions»  and  issued  separately  in  1782  (the  edition  that  has 
been  consulted  is  dated  London,  1 783),  and  in  his  J%imghU  on  aNatural  System  of  Fossils 
publiahed  at  about  the  same  time.  This  work  has  been  consulted  in  "Essays  Physical 
and  Chemical,  by  Sir  Torbem  Beigman,"  Edinb.  1791.  In  the  former  work,  names 
made  up  of  a  noun-substantiTe  to  indicate  the  base,  and  an  adjective  denoting  the  add, 
are  giyen  to  the  salts  of  the  alkalis^  earths,  and  metalsL  The  following  is  a  specimen 
of  thu  nofmeodatare:— 

Modern  namet.  Bergnan't  names. 

Sulphate  of  Potaanum  Alkali  vcgetabile  vUricHatwitL 

Nitrate  ^  Alkali  vegttabile  nitratum. 

Chloride  „  Alkali  vegetabUe  saUtum. 

Carbonate       „  Alkali  vegetabile  aSratum, 

Sulphate  of  Sodium  Alkali  minerale  tfitriolatum. 

Nitrate  „  Alkali  mineraU  nitratum. 

Chloride         M  Alkali  mineraU  saliium. 

Carbonate      „  Alkali  minerals  dsratum, 

Hie  earths  being  distinguished  as  terra  ponderosOf  ealx,  tnagtusia,  argilla,  and  terra 
sUicea,  the  names  of  their  salts  were  formed  in  the  same  way  as  those  of  the  salts  of 
the  alkalis :  as,  terra  ponderosa  vitriolata,  calx  fluorata,  magnesia  aSrata,  The  metal- 
lic salts  also  were  named  in  the  same  manner,  e.a,/errwn  vitriolatum^  ferrum  aeratum, 
ferrum  nitratum,  ferrum  salitum,  zineum  vitriolatum,  &c  In  the  second  of  the  works 
mentioned  abore,  the  latter  part  of  which  spedally  treats  "  Of  siving  Names  to  Fossils," 
Bergman  suggested  a  still  more  systematic  nomenclature.  In  Uie  first  place,  he  pro- 
posed to  designate  all  metals  by  names  ending  in  -urn,  and  accordingly  replaced  the 
plaHjui  of  the  Spaniards  by  pUUinum.  The  adds  he  denoted  by  adjectival  substantiyes, 
as  follows : — vUrioliewm  (sulphuric),  sidphureum  (sulphurous),  nitrosum  (nitric),  nt- 
treum  (nitrous),  muriatieum,  regaHnum^Jluoraium,  arsenieale,  boracinttm,  saccharinumf 
oxaUnum,  tartarum,phosphoreum,  formieale,  aereum,  &c. — acidum  being  in  each  case 
understood.  By  adding  to  the  names  of  the  adds  adjectives  fonned  from  those  of  the 
several  bases,  he  obtained  names  for  the  neutral  salts ;  as,  for  example,  vitridicum 
potassinatum,  vitrioUcum  natratum,  muriaticum  ammoniacum,  nitrosum  barytatum, 
muriatieum  barytatum,  nitrosum  argentatum,  arsenicale  eobaltatwn.  He  even  went  so 
Ikr  as  to  point  out  how  salts  formed  by  the  combination  of  the  same  add  and  base  in 
various  proportions  might  be  distin^ished :  thus — ''Tartar,  with  an  excess  of  add, 
can  be  defined  by  a  combination  of  its  generic  name  with  the  genitive  of  its  bitfe,  as 
tartareum  potairini;  but,  when  petfectly  saturated,  may  be  called  tartareum  po- 
tassinatum.  In  Uke  manner  we  snail  have  oxaiinum  potassinit  but,  when  exactly 
saturated,  it  will  be  oxaiinum  potassinaium ;  viirioUeum  natri,  and  vitrioUcum  natra- 
turn;  natrum  boraeini  [boracinum  natrit],  and  boracinum  natratum;  and  so  on  of 
others."  We  have  in  this  passage  probably  the  first  instance  of  the  systematic  employ- 
ment of  the  method  which  has  l^n  used  to  so  great  an  extent,  and  with  so  much 
advantage  in  modem  diemical  nomendature — ^thal^  namely,  of  employing  definite 
inflections  or  changes  of  termination  to  express  definite  differences  of  composition. 

About  the  same  time  that  these  reforms  were  proposed  by  Bergman,  a  similar 
attempt  was  made  in  Prance  by  Guyton  de  Morveau.  The  suggestions  of  the 
French  diemist  were  first  published  in  the  Journal  de  Physioue  for  May,  1782,  and  were 
known  toBergman  when  he  published  his  later  system:  for  he  expresdy  states  that 
he  adopts  the  terms  barites  in  piace  of  terra  ponderosa  from  de  Morveau,  but  he  at  the 
same  tune  asserts,  by  implication,  the  independent  character  of  his  own  nomenclature, 
by  expressing  his  satisfaction  at  Uie  agreement  he  finds  between  many  of  de  Morveau's 
proposed  ref^ms  and  his  own.  The  respectful  terms  in  which  each  author  speaks  of 
the  other,  forbid  us  to  think  that  either  was  in  any  degree  chaigeable  with  plagiarism ; 
but  the  following  specimen  of  de  Morveau' s  nomenclature  (quoted  by  Dumas  in 
his  Lefons  de  PhilosopMs  CMmique,  p.  228),  will  show  that  it  dosel^  resembled  Bez;p- 
man's,  not  only  in  the  prindples  of  its  formation  and  its  range  of  appLcation,  but  also  m 
several  of  the  individual  names  adopted. 
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SpedmM  of  Ov^Um  d$  Morffeanfg  system  of  Cfkemieal  ^hmeiukOun, 

AddM.  Belt.  Bmm. 

Vitrioliqne  .  VitriolB      .  .  Fhlogiitique 

Nitreuz  .  Nitaree  .  Calee 

An^nical .  AzB^niatefl .  Baryte 

Bondn  Bonzs       .  .  Or 

Flaori^ne  .  Flnon        .  .  Argent 

Citronien .  .  CitratM     .  .  Platine 

Ozalique  .  Oxaltes  .  HercoTB 

S^bacd  .        .  debates      .  .  duTre 

Esprit  de  lin. 

Although  de  Morvean's  snggeetioxifl  do  not  appear  to  have  produced  an^  immediate 
effect  of  importance,  the  attention  which  he  succeeded  in  calling  to  the  subject  resulted 
soon  afterwards  in  the  publication  of  a  much  more  complete  and  more  successful  pLm 
of  reform.  This  system  of  nomenclature — the  joint  production  of  Lavoisier,  de 
Morreau,  Berthollet,  and  Fonrcroy — was  published  in  1787,  under  the  title  "  MHkode 
de  Nomenclature  Chimtqite,  propoeee  par  MM,  de  Morveau^  LoffoisieTf  Bertholet,  et  de 
Foureroy"  (Paris,  1787,  8to.),  and  still  continues  the  foundation  of  the  lan« 
guage  which,  with  many  variations  in  minor  points,  is  employed  by  all  chemists  at 
the  present  dav.  It  was  based  upon  the  fandamentsl  propositions  that  all  substances 
which  cannot  be  decomposed  must  be  regarded,  provisionally  at  least,  as  simple ;  and 
that  the  names  of  compound  bodies  ou^ht  to  indicate  the  simple  bodies  which  they 
contain,  and  also,  as  far  as  possible,  their  relative  proportions.  Thus  the  compounds 
of  oxicine  were  subdivided  into  oxides  and  acideSf  and  these  latter  were  agam  dis- 
tinguished by  specific  names  ending  in  -eux  or  -ique  respectively,  according  as  they 
contained  less  or  more  oxyeen :  for  example,  oxide  cParsenie,  acids  arshtique,  oxide 
nitreui,  acide  nitreux^  acide  nitrique;  acide  suifureux^  acide  std/urique.  When, 
however,  several  compounds  of  the  same  elements  in  different  proportions  were  known, 
it  was  found  impracticable  to  carry  out  the  second  fundamental  rule  to  its  full  extent, 
and  in  such  cases,  as  for  instance  in  the  case  of  the  organic  acids,  arbitrary  names  were 
adopted,  which  recalled  the  derivation  of  the  substances  to  which  they  were  applied, 
and  were  similar  in  form  to  the  names  formed  more  strictly  according  to  rule.  Thus, 
for  example,  came  such  names  as  aeide  suceiniquSf  acide  malique,  aade  tartareux^  &c. 
The  very  important  rule  according  to  which  the  names  of  metallic  and  other  raits  are 
formed  from  the  names  of  the  corresponding  adds — ^the  former  being  made  to  end  in 
'ite  or  -ate  respectively  when  the  latter  ended  in  -eux  or  -ique — ^was  also  now  intro- 
duced for  the  first  time.  The  nomenclature  of  this  class  of^  bodies  thus  became  very 
nearlv  what  it  is  at  present,  as  will  appear  from  a  few  examples : — sulfate  ePaluminey 
or  stufate  alumineux;  nitrite  d^ammoittaque,  or  nitrite  ammoniacal;  nitrate  ePammoniaqus 
or  nitrate  ammoniacal;  carbonate  barytigus,  or  carbonate  ds  baryte;  phosphate  de 
soudSf  &C&C. 

The  mineral  acids,  oxides,  and  neutral  salts  being  almost  the  only  chemical  sub- 
stances which  had  been  much  studied  at  the  time  of  which  we  are  spealdng,  it  is  no 
reproach  to  the  nomenclature  of  Lavoisier  and  de  Morveau  to  say  that  in  its  original 
form  it  was  not  applicable  to  many  compound  bodies  besides  these ;  but  the  &ct  that 
BO  much  of  their  system  is  still  retained,  and  that  our  present  nomenclature  has 
resulted  from  it  by  a  process  of  development,  rather  than  of  oiganic  diange,  is  a 
striking  proof  how  well  they  succeeded  in  their  professed  object  of  devising  "  une 
m^thoae  de  nommer,  plut6t  qu*une  nomenclature." 

It  is  obvious  from  what  has  been  said  that  Lavoisier's  nomenclature  was  an  em- 
bodiment of  the  antiphlogistic  docmnes  in  chemistry,  and  accordingly  we  find  that  the 
history  of  its  spread  and  adoption  is,  in  the  main,  the  history  of  the  advance  of  these 
doctrines.  It  naturally  came  into  general  use  earlier  in  France  than  elsewhere^  but 
according  to  Kopp  {Gtechichtef  ii.  418),  it  was  adopted  by  Black  and  other  leading 
English  chemists  almost  f^m  the  first*  The  Systhne  de  Nomenclature  was  translated 
into  Enelish  by  Pearson,  the  translation  reaching  a  second  edition  in  1799.  In 
1802  Chenevix  published  a  work,  ably  advocating  its  adoption,  and  one  of  the 
earliest  important  improvements  which  it  received  was  due  toDr.  ThomasThomson, 
who  in  1804  introduced  the  terms  protoxide,  deuioxide,  peroxide,  &c.,  to  distinguish  the 
different  degrees  of  oxidation  of  the  same  metal.  The  new  nomenclature  was  translated 
into  German  by  Girrtanner,  in  1791,  under  the  title  Neue  ehenUscAeNomendatur  fur 

•  Thli  lUteinpnt  caDDot  be  more  than  partially  true  In  so  fttr  ai  It  relates  to  Blaek  ;  for  according  to 
Robi*on,  **  He  dUllked  the  avowed  principle  of  the  nomenclature,  thinking  It  more  likely  to  corrupt 
science  than  to  promote  it ;  and  he  began  to  write  some  obserTatlous  «pon  it,  but  be  soon  deeirted  * 
r  Black's  LeUuret  am  Ike  SlemtentS  qf  Chemiitnf*  vol  U.  p.  31 IL 
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die  deutseke  Spraehe  rBerlin),  bat  its  general  adoption  in  (Germany  was  dne  in  great 
measnre  to  0ren  and  to  Gilbert,  the  editor  of  the  Annaien  der  PkvsiJk,  a  journal 
which  was  the  foreninner, -from  1799  to  1824,  of  the  present  "Poggendorffs  Annalen 
der  Physik  nnd  Chemie.''  In  1795  it  was  translated  into  Swedish  by  Ekebergi  and 
was  employed  by  Berzelius  in  his  earliest  memoirs. 

In  1814,  a  nomendatnre  based  upon  similar  principles^  but  as  was  sapnosed  by  its 
anthor  more  in  harmony  with  the  genius  of  the  lanffnages  of  Northern  £ur6pe,  was 
proposed  by  Oersted  of  Copenh^»n.  The  following  are  a  few  examples  of  this 
nomendatore :  Eld,  o^gen  (from  lid  »  fire,  Danish);  Eldlnft,  ozrgen  gas; 
elden,  to  oxidise;  Brint,  hydrogen  (from  brennen  »  to  bnm,  Germ!\;  iBsch, 
allcali;  aeschig,  alkaline;  Tansesk,  potash;  Kater»sk»  soda;  Svafvelorintadt 
STafveltansesk,  sulphydrate  of  potassium. 

The  8i>read  of  the  new  nomenclature  was  not  however  altogether  unopposed  even  by 
chemists 'who  accepted  the  meet  im^rtant  doctrines  of  the  antiphlogistic  school.  Sir 
Humphry  Davy  in  particular  objected  to  it^  ou  the  ground  that  it  was  based  upon 
theoretical  views  of  the  composition  of  bodies.  While  admitting  that  the  principle  of 
regarding  undecomposed  Ixxlies  as, simple,  was  "logical  and  truly  philosophical,"  he 
contended  that  this  principle  could  not  be  safely  taken  as  the  basis  of  a  nomenclature, 
until  all  the  elements  were  certainly  known ;  and  hence  he  preferred  such  names  as 
metals,  earths,  alkaUs  (which  merely  class  together  as  simihur  the  bodies  to  which  they 
are  applied),  to  names  like  oxides,  suiphurets,  muriates  (which  involve  a  theoretical 
explanation  of  the  similarity  of  the  bodies  denoted  by  them).  In  applying  these  views 
to  the  nomenclature  of  individual  substances,  Davy  endeavoured  "  to  sign^]^  the  analo- 
gies of  substances  by  some  common  sign  affixed  to  the  beginning  or  termination  of  the 
word."  Thus,  as  the  metals  had  been  distinguished  by  a  termination  in  um  as  aurum, 
"  so,"  ho  said, "  their  calciform  or  oxidated  state  might  have  been  denoted  by  a  tormina- 
tion  in  a,  as  aura,**  a  rule  already  followed  in  the  Latin  nomenclature  of  the  alkalis 
and  earths,  which  Bav/s  own  experiments  had  proved  to  belong  to  the  class  of  oxides. 
Similarly  he  proposed  to  denote  the  chlorides  containing  one  proportion  of  chlorine  by 
names  ending  in  -ane,  and  those  containing  two  and  three  proportions  respectively,  by 
ndmes  in  -ana,  and  in  -an^  ;  for  the  iodides  he  proposed  names  in  -ame,  and  -ama  ;  for 
the  fluorides^  names  in  -ale,  and  -ala.  According  to  this  system  the  oxide,  fluoride^ 
iodide  and  chloride  of  lead  were  called  respectively  plumoa,  plttmbala,  fiufnbama, 
and  plumbana,  and  the  corresponding  compounds  of  other  elements  received  names 
similar  in  form.  When  he  proposed  this  nomenclature,  Davy  seems  to  have  over- 
looked the  tact  that  the  statement  that  any  two  bodies  are  analogous,  is  just  as  truly, 
and  uitually  to  about  the  same  extent,  an  expression  of  opinion  respecting  them,  as  it  is 
to  say  that  they  contain  some  particular  element  in  common.  The  only  relic  of  this 
system  which  we  remember  meeting  with  in  the  current  literature  of  chemistry  is 
Azotan,  which  is  entered  in  the  Handworterbuch  der  Chefme  (2nd  edit.)  as  **  a  little 
used  name  for  chloride  of  nitrogen." 

Several  other  attempts,  not  more  suooessfrd  than  that  of  ^ft^>  l^a'^e  l>^n  made  to 
substitute  some  entirely  different  method  of  nomenclature  for  that  proposed  by 
Lavoisier  and  his  colleagues,  but  it  would  offer  no  particular  interest  to  examine  them 
here.  Beferenoes  to  works,  where  particulars  may  be  found  relative  to  some  of  these 
attempts,  are  given  at  the  end  of  this  article. 

It  is  also  needless  to  particularise  all  the  modifications,  by  the  gradual  introduction 
of  which  the  Lavoisierian  nomenclature  has  developed  into  the  language  employed  by 
chemists  at  the  present  da^.  The  most  important  of  these  changes  have  had  for  their 
object,  eiUier  the  substitution  of  names  in  accordance  with  modem  views  of  the  nature 
of  certain  substances  for  earlier  names  which  were  in  opposition  thereto  (as  of  chlorine 
and  hydrochloric  acid  for  oxymuriatic  acid  and  mwriaUo  acid  respectively) ;  the  more  exact 
statement  of  the  quantitative  composition  of  compounds  (as  for  instance  the  employment 
of  the  prefixes  ner-,  hypo-,  &c.,  m  addition  to  the  terminations  -io  and  -ous,  -ate  and 
-tie,  to  distinguish  the  various  classes  of  oxygen-salts  formed  by  the  same  element^  and 
the  use  of  numerical  prefixes,  such  as  di-,  tri-,  sesqui-,  for  analogous  purposes) ;  or, 
lastly,  the  introduction  of  greater  uniformity  in  the  methods  of  naming  analogous  com- 
pounds (as  the  employment  of  the  termination  -ide  in  forming  the  names  of  tke  binary 
compounds  of  all  the  elemente,  that  is  to  say,  the  substitution  of  such  names  as  sulphide, 
hydride,  &C.,  for  sulphuret,  hyduret,  &c ;  the  extension  of  the  use  of  the  terminations 
•ic  and  --ous  to  metallic  sietlts,  such  as  mercuric  and  mercurous  chloride,  ferric  and 
ferrous  sulphate,  &c;  and  the  substitution  of  the  names  of  the  alkali-metals  and 
alkaline-earth  metals  for  those  of  their  oxides  in  the  nomenclature  of  the  corresponding 
oxygen-salts,  e.g^  carbonate  of  sodium,  sulphate  of  barium,  &c,  for  carbonate  of  soda, 
sulphate  of  barvta,  &c.,  so  as  to  bring  the  names  of  these  bodies  into  uniformity  with 
those  of  the  saUs  of  the  heavy  metals,  sulphate  of  copper  for  example*). 

*  The  name*  sulfate  de  somde,  tuirate  de  baryte,  sulfate  de  euivre,  &c..  were  originally  **rlctly 
■natogoua  to  each  other,  soda,  baryta  and  copper  being  all  of  them  regarded  as  limple  bo<u^i.bu|. 
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In  stftting  the  rules  idiieh  aze  now  most  generally  adopted  in  forming  the  names  of 
chemical  siUMtanoes,  it  will  be  oonyenient  to  retain  the  old  distinction  between  inor- 
ganic and  ozganic  oomponnds,  the  nomendatnre  of  the  former  class  bein^  as  we  have 
alreodj  stated,  for  the  most  part  a  mere  extension  of  that  of  Layoisier  and  his  ooUeagoes; 
while,  among  the  latter  dass^  the  huge  number  of  bodies  composed  of  the  same  elements 
has  necessitated  the  at  least  partial  adoption  of  other  principles  of  nomendatore. 

No]aEiraLA,TUBB  or  iNOBOuac  Bodxbs. 

UtanuB  of  the  EUments. — ^No  uniform  principle  has  been  followed  in  the  nomenda- 
tore of  the  elementaiT  bodieSi  Those  which  hare  been  long  known,  haye  been  allowed 
to  retain,  either  entirely  unaltered,  or  with  slisht  modiflcations,  the  names  which  belonged 
to  them  in  common  language ;  as  iron,  sulphur,  tin,  sine,  carbon,  &c.  Of  ele- 
ments discoTered  in  recent  times,  those  of  which  compounds  were  preTiously  known 
have  genmlly  reeeiyed  names  deriyed  from  those  of  their  best  known  compounds,  as 
potassium,  sodium,  aluminium,  magnesium,  silicium.  Elements  whose 
discoyeiy  belongs  more  completely  to  modem  times  haye  been  named  in  yery  yarious 
ways ;  sometimes  from  the  name  of  the  place  where  the  substance  which  first  yielded 
the  element  was  originally  found,  as  strontium  from  Strontian,  and  yttrium, 
terbium  and  erbium  from  Ytterby;  sometimes  from  some  diaracteristic  property 
of  the  element  itself  or  of  its  compounds,  as  iodine,  bromine,  rhodium,  osmium, 
chromium;  sometimes  from  tne  circumstances  whidi  led  to  the  disooyery  of  the 
element,  as  cesium,  rubidium,  thallium,  indium,  all  of  which  names  refer  to 
the  colour  of  the  spectroscopic  lines  by  means  of  which  the  respectiye  metals  were 
detected ;  sometimes  a  salient  chemical  or  physical  property  has  determined  the  choice 
of  the  name,  as  in  the  cases  of  oxygen,  ana  chlorine.  Many  names  of  elements 
commemorate  personages  of  classical  mythology,  as  palladium,  niobium,  titanium, 
selenium,  tellurium,  uranium;  while  two,  thorinum  and  yanadium,  per- 
form  the  same  office  for  Scandinayian  deities. 

But  notwithstanding  this  great  yariety  in  the  sources  frx)m  which  the  names  of  the 
elementary  bodies  are  deriyed,  these  names  yet  exhibit  a  certain  amount  of  regidarity 
in  regard  to  their  forms :  thus,  the  minority  of  the  metals,  including  all  those  disooyerad 
in  recent  times,  haye  names  ending  in  'Um,  and  this  termination  is  confined  exdusiyely 
to  well  characterised  metals  and  to  selenium,  tellurium,  and  silicium,  bodies 
which  lie  nearly  upon  the  border-line  between  metals  and  metalloids ;  agam,  the  names 
of  the  halogens  fluorine,  chlorine,  bromine,  and  iodine  aU  end  in  -fn«,  and 
the  names  of  another  group  of  somewhat  analogous  elements,  boron,  carbon,  and 
silicon*  (or  silidum),  haye  the  common  termination  -on. 

Name$  of  Inorganic  Compounda. — ^The  simplest  compounds  of  the  elementary  bodies 
are  denoted  by  names  ending  in  'id* ;  thus : — 

The  simplest  compounds  of  chlorine  are  called  chlorides. 

bromine  „  „  bromides, 

hydrogen  „  „  hydrides. 

'   oxygen  „  n  oxides, 

sulphur  „  „  sulphides, 

nitrogen  „  „  nitrides, 

phosphorus  „  „  phosphides, 

carbon  „  „  carbides. 

These  names  may  be  considered  as  names  of  genera:  in  order  to  denote  indiyidual 
compounds  we  require  to  add  to  them  specific  distinctions  indicating  the  second  element 
which  each  particular  compound  contains.  The  specific  name  of  a  compound  body  is 
formed  from  its  eenerie  name  by  prefixing  an  a^ectiye,  generally  ending  in  4c,  or  by 
adding  thereto  the  name  of  its  second  dementaiy  constituent  preceded  by  of    Thus 

when  the  alkalis  and  eartbt  had  been  proTed  by  Da? 7  to  be  metallic  oxldet,  the  nomenclalure  of  their 
■alts  ceased  to  be  In  esact  accordance  with  that  of  the  corretponding  salts  of  the  heaTj  metal*.  The 
clumsy  remedy  for  this  state  of  things  which  consisted  in  designating  the  latter  class  of  salts  by  names 
like  sulphate  of  oHde  af  eoppert  sulphate  of  pratotUe  of  hwt,  sulphate  of  tetquioMide  a/  iron.  Ac, 
would  Msuredly  never  have  been  adopted  by  Lavoisier.  It  Is  plain  irom  many  passages  in  his  writings 
(s«je,  for  insUnce,  hU  Traiti  Mmentaire  de  Ckimie,  vol.  1.  pp.  174. 176-180,  and  ISA),  that  be  was  AilTy 
aware  of  the  important  dlllbrences  exhibited  by  metals  on  the  one  hand,  and  by  meCallk  oxides  or 
alkalis  and  alkaline-earths  on  the  other  hand,  in  the  phenomena  wUoh  aoeompaay  tnelr  conversion  into 
salts,  and  that  he  even  regarded  these  phenomena  as  indicating  that  the  alkaUoe-earths  were  In  reality 
met^lic  oxides.  He  nevertheless  did  not  venture  to  introduce  into  the  names  of  the  salts  of  these  sub. 
atancrs,  the  namea  of  the  metals  which  be  supposed  them  to  contain.  Inasmuch  as  the  existence  of 
these  metals  had  not  yet  been  experimentally  demonstrated  ;  but  kad  these  met«ls  been  known,  it  Is 
quite  certain  that  their  names,  and  not  those  of  their  oxides,  would  have  been  selected  by  him  to  form 
the  basis  of  the  nomenclature  of  the  corresponding  aalu.  Seealso  C  h  e  n  e  v  i  x,  Eemarki  mjnns  Gitmieai 
Nomemclaiure  (Lond.  180S),  |ip.  30,  79. 

*  The  name  Grapkou  {q.  v.)  is  formed  upon  the  analogy  of  these. 
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the  oompoundfl  of  chlorine  with  hydrogen,  potaaiiiim  and  silTer,  respectiTelT,  are 
called  hydrio  chloride  or  chloride  of  hydrogen,  potassic  chloride  or 
chloride  of  potaseinm,  and  argentic  chlorideor  chloride  of  silver.  When 
the  relatiye  electro-chemical  characters  of  the  constituents  of  a  binazy-componnd  are 
well  marked,  the  most  eLectro-ne^tiye  of  the  two  is  always  taken  as  the  one  which 
shall  sappl^  the  generic  name»  while  the  specific  designation  is  derived  from  the  more 
electio-positiTe  eonstitnent,  as  in  the  foregoing  ezamp&s.  When  there  is  no  yery  dis- 
tinct differenoe  in  the  positions  of  the  two  constituents  in  the  electro-chemical  series, 
the  generic  or  specific  name  may  be  formed  from  either  of  them  indifferently :  thus,  we 
may  say  either  carbide  of  hydrogen  or  hydride  of  carbon. 

If  the  same  two  elements  combine  in  more  than  one  proportion,  the  compound  into 
which  they  enter  in  the  ratio  directly  indicated  by  their  reepectiye  combining  capacities 
(CuLSSiFicATiotij  i  1011)  is  generally  named  in  accordance  with  the  above  rules;  the 
modes  of  distingniBhing  compounds  in  other  proportions  will  be  seen  by  the  following 
examples: — 

HK)        a  hydrio  oxide,  or  oxide  of  hydrogen, 
HK)*       «■  hydrio  dioxide,  or  dioxide  of  hydrogen; 
Cud'      a  cupric  chloride,  or  chloride  of  copper, 
Cu'Cl*     s  cuprous  chloride^  or  dicupric  chloride^  or  (if  regarded  as 
Q^(ri  .  —       i  cupric  hemichloride,  or  hemichloride 

of  copper,  or  snbchloride  of  copper; 

CuO  B  cupric  oxide,  or  oxide  of  copper, 

CuK)  »  cuprous  oxide,  or  dicupric  oxide,  &c. ; 

FeO  ■■  ferrous  oxide,  or  protoxide  of  iron, 

Fe^O"  »  ferric  oxide,  or  sesquioxide  of  iron; 

MnO  ■■  manganous  oxide^  or  protoxide  of  manganese^ 

MnH)"  »  manganic  oxide^  or  sesquioxide  of  manganese, 

Mn*0*  a  manganoso-manganic  oxide, 

MnO*      ■■  manganic  dioxide,  or  dioxide  of  manganese^  or  manganic 
peroxide^  or  peroxide  of  manganese. 

It  will  be  seen  that  in  the  case  of  iron  and  manganese,  the  simple  namaa  ferrio  oxide 
and  manaamc  oxide  are  not  given  to  compounds  whose  composition  bears  the  most 
direct  relation  to  the  atomicity  of  these  metals,  and  many  other  instances  of  the  same 
kind  might  be  adduced.  The  reason  of  this  is  that  the  nomenclature  of  these  com- 
pounds wa«  fixed  long  befinre  the  rules  of  atomid^  had  been  discovered ;  the  terms 
ferrous  and  ferric,  manganous  and  manganic,  and  the  like,  having  been  employed  at 
first  merely  to  denote  two  distinct  series  of  compounds  formed  by  tiie  same  elements  in 
diilerent  proportions,  but  without  any  reference  to  the  absolute  proportion  of  the  dements 
in  the  compounds  of  either  series. 

The  nomenclature  of  chemistry  still  bears  traces  of  the  time  when  the  combinations 
of  oxygen  were  considered  as  altogether  transcending  in  importance  those  of  any  other 
element  Accordingly  the  terms  protoxide  and  eeeqtUoxide  having  been  introduced  to 
denote  oxides  whose  atomic  composition  was  expressed  by  the  ratios  1  :  1  and  2  :  3 
respectively,  the  analogous  terms  protochloride  and  eeequichloride  are  applied  to  the 
corresponding  chlorine-compounds,  althou^  in  their  case  the  above  ratios  become  1 :  2 
and  2  :  6,  e,g,  FeOl*  »  protochloride  of  iron,  Fe'Cl'  *-  sesquiehloride  of 
iron.  Sometimes,  however,  the  term  protoxide  is  used  to  denote  the^</,  or  lowest, 
oxide  of  a  metal  whatever  its  atomic  composition  may  be ;  thus,  for  instance,  cuprous 
oxide,  Cu'O,  is  sometimes  called  protoxide  ci  copper,  especially  in  the  writings  of 
Frendi  chemists,  and  the  other  compounds  of  the  metal  receive  corresponding  names ; 
e^,  cupric  oxide,  OuO,  becomes  deutoxide  of  coppers  Such  names  as  these  are  not 
however  to  be  recommended,  since  the  discovery  of  a  new  oxide  of  any  metal  might  at 
any  time  throw  the  nomenclature  of  its  compounds  into  conltision. 

F<mnerly  a  distinction  was  made,  at  least  by  some  chemists,  between  the  Greek  and 
Latin  numerals  when  used  as  prefixes,  the  former  being  employed  to  denote  sub-mul- 
tiplee  and  the  latter  multiples  of  the  quantity  of  the  electronegative  element  contained 
in  the  compound  whose  atomic  ratio  was  1:1.  Thus,  cuprous  oxide^  CuK),  was  called 
dioxide  of  copper,  and  manganic  peroxide,  MnO',  was  called  binoxide  of  manganese. 
Such  prefixes,  whether  derived  from  the  Greek  or  Latin,  are  employed  in  this  work 
only  in  the  ssnse  of  multiples  of  those  constituents  to  whose  names  they  are  attached, 
thusi  hydric  dioxide,  H'O',  is  an  oxide  containing  twice  as  much  oxygen  as  hydrio 
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oxide,  HK) ;  bat  dicnpric  oxide,  CaK),  is  an  oxide  containing  twiee  as  mnch  oopper  as 
copric  oxide,  GnO.  Terms  derived  ^m  either  langua^  may  aometimea  be  used  indis- 
criminately, bat  in  general  the  preference  is  given  to  the  Greek  prefixes  (Is-,  <r»-,  tetr;  &c. 

The  restriction  of  the  terms  suboxide  and  peroxide  to  oxides  whose  composition 
did  not  correspond  to  that  of  a  series  of  salts  has  now  become  nearly  obsolete. 

Those  oxides,  which  by  reacting  with  the  basylons  oxides  are  eapabls  of  prodneing 
salts,  are  commonly  called  anhydrides  (qwui  anhydrous  acids): — fbr  instance,  SO' 
B  sulphurotu  anhydridet  SO'  =  sulphuric  anhydride^  Cl'O  •  kypochlorous  anhydride, 
Cl'O'  »  chlorous  anhydride,  Cl'O*  -  chloric  anhydride,  CPO'  »  perohlarie  an^dride, 
&C.;  and  Gerhardt  proposed  to  extend  the  same  principle  of  nomenciatnre  to  the 
corresponding  compounds  of  other  elements :  thus  he  called  P'O'  nhosphoric  anhydride, 
and  F^'  and  PCI*  phosphoric  sulphanhydride  and  phosphoric  emoranhydride  respec- 
tively. Such  names  as  these  last  have  not  been  extensively  adopted,  and  it  would 
probably  be  a  greater  advantage  to  get  rid  of  the  term  s^hydride  altogether  than  to 
generalise  its  use  in  this  way.  The  longest  series  of  oxides  may  be  easily  named  in  the 
manner  indicated  above  (p.  128)  without  employing  the  word  anhydride  at  all :  as  Cl'O, 
chloric  oxide ;  Cl'O',  chloric  dioxide;  Cl'C,  chlonc  trioxide ;  Cl'O*,  chloric  tetroxide; 
Cl'O*,  chloric  pentoxide,  ho.  Names  like  perchloric  oxide  for  Cl'O*  and  pemUrie  oxide 
for  N'O*  are  improper ;  if  the  prefix  per^  is  preferred  to  the  more  definite  numerical  pre- 
fix tctr-,  the  compounds  should  be  called  chloric  peroxide  and  nitric  peroxide  respeo- 
tively ;  and  so  for  other  similar  bodies. 

As  well  as  the  strictly  systematic  names  which  we  have  hitherto  been  discussing^ 
many  binary  compounds  possess  other  names  which  must  be  regarded  as,  to  some  ex- 
tent, exceptions  to  the  general  rules  of  nomenciatnre.  This  is  the  case  particularly 
with  the  compounds  of  hydn^n :  thus  hydric  fluoride,  chloride,  bromide,  iodide,  and 
sulphide  are  also  called  hyacofiuoric  acid,  hydrochloric  add,  hydrobromio  acid, 
hydriodic  acid,  and  sulphydric  acid  respectively.  Names  such  as  water  and  ammonia, 
which  have  no  reference  to  chemical  composition,  we  have  not  now  to  consider. 

As  has  been  pointed  out  in  previous  articles  (CLUssmcATioN,  i.  1016 ;  EQUiYAUOfTS, 
ii.  492 1  FoBXULfi,  ii.  696),  the  simplest  compounds  are  those  in  which  the  combining 
capacities  of  the  elements  are  generally  most  distinctly  manifested,  and  consequently 
such  compounds  serve  as  standards  of  comparison  or  types  for  others  of  much  more 
complex  composition.  In  a  rational  nomenclature,  therefore,  the  name  of  each  com- 
pound would,  like  its  rational  formula,  express  the  relation  in  which  it  stands  to  some 
particular  standard  or  typical  compound.  Accordingly,  when  the  nomendature  of  tlie  pri- 
mary t3rpes  chloride,  oxtde,  nitride,  &c.,  is  given,  Uie  nomenclature  of  all  their  immediate 
derivatives  is  easily  obtained.  The  examples  already  given  .will  suffice  to  illustrate 
this  in  the  simplest  cases ;  the  polyatomic  dements  however  frequently  form  compounds 
referable  to  multiple  or  mixed  types,  the  nomenclature  of  whidi  requires  a  little  nulher 
explanation.  It  will  be  sufficient  however  to  give  the  names  of  the  most  important 
multiple  and  mixed  types,  with  a  few  examples  of  the  nomendatuxe  of  individual 
compounds. 

The  names  of  the  multiple  types  are  formed  from  those  of  the  simple  types  by  pre- 


fer the  nomenclature  of  the  mixed  types,  but  they  may  be  very  simply  named  and 
with  scarcely  any  departure  £rom  established  usage,  as  follows:  SS^I "-  chloro- 

bromide,    g^^  |  =  dichloro-bromide,  gig^j  >  —  chloro-dibromide,  &c. ; 

5^  |-oxi-chloride,gl^*|=    oxi-dichlorido,   g,^,|  -  dioxi-chloride, 

HW  I ""  trio»i-dichloride,&c;  2^1  -  chloro-nitride,^^'|-  dichloro- 

nitride,  ]^^|  -  chlopo-dinitride,  &c;  ^J^j  «  oxi-nitride,  ^'| «  dioxi- 

H'O  )  HCl  ^ 

nitride,  „«j,[  -  oxi-dinitride,&c.;    HK>  ^-iOzi-chloro-nitride,&e.  The 

'  BPNj 

name  hydoranUde  or  hydoramne  has  been  suggested  by  KekuU  for  the  mixed  type 

^,^  > ,  and  has  been  employed  in  several  places  in  this  work. 

From  the  names  of  types,  the  names  of  particular  compounds  are  obtained  by 
prefixing  to  them  at^ectives  which  express  the  natare  of  the  dement  by  which 
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the  hjdiogen  of  the  type  is  T<*plftced  and  the  munber  of  atoms  of  it  oontained 
in  one  molecule  of  the  oompoand.  Ezam^ee:  PtCl*  ■-  platinio  di chlo- 
ride,    PhK)*    ■«  di plumbic    triozide,    Pb*0*   »  triplumbic    tetroxide, 

^yO*  —  diplumbo-dihydric  trioxide,  m  [o*    -t    triplumbo-dihjdrie 

tetroxide^BiJQ   »  bismnthic  oxi-chloride,  Fh^JQ    «  diplumbieoxi-di- 

Qg  «■  triplumbic  dioxi-dichloride,  Hg*  jx;  »  trimercnrio 

dioxi-dichloride^     j^^l  ■■  mereuro  (or  hydaigyro-)  dihydrio  ehloro-ni- 

trtde,      ]|^{  *  tetramercuro-tetrahydric    trioxi-di nitride, '^L  |o* 

■■  tetramercuro-tetrahydric  dioxi-dichloro-dinitride. 

When  we  are  able  to  assume  that  the  combining  capacity  of  an  element  is 
known,  there  is  no  need  to  express  this  in  the  names  of  its  compounds,  and  in  that 
case  names  formed  as  above  often  admit  of  considerable  simplification.  Thus  it  is 
sufficient  to  call  BaCl*  barytie  chloride^  instead  of  barytio  dichloride ;  BaH'O*  baryta* 
hydrie  onde,  instead  of  baiyto-dihydric  dioxide ;  BiCl*  biamuthic  chloride,  instead  of 
bismuthic  trichloride^  &e.  A  ftirther  simplification  of  many  of  the  above  names  is 
effected  by  using  the  term  hydrate  for  derivatiTes  of  the  type  HK)  and  its  multi- 
ples in  which  the  hydrogen  is  only  nutially  replaced  by  other  elements,  and  the  term 
amine  or  amide  for  compounds  derived  ^  similar  partial  replacement  from  the 
type  H'^  and  its  multiples.  For  instance  KHO  mav  be  called  potasno  hvdrate  in- 
stead of  potassio-hydric  oxide ;  BaH'O'  may  be  caUed  barytie  hydrate  instead  of  baiyto- 
hydric  oxide  or  baryto-dihydric  dioxide ;  BiHK)*  may  be  cailed  biemtUhic  hydrate 
instead  of  bismutho-trihydric  trioxide ;  Fe^'O'  ma^  be  called  ferric  hydrate  instead 
of  diferrico-hexhydric  hexoxide,  6ce,  Similarly,  ^H'N  may  be  called  potaesatnine, 
instead  of  potas8io<dihydric  nitride ;  K'HK  may  be  called  aipotassamine,  instead  of 
dipotassio-hydrie  nitride,  &c.  The  use  of  the  terms  phosphamine,  arsenamine,  and 
stibamine  for  the  respective  compounds  H*P,H*As,  and  H^b  is  improper,  inasmuch 
as  the  termination  -amine  (derived  from  ammonia)  ought  to  be  reserved  for  the  com- 
pounds of  nitrogen,  the  characteristic  element  of  ammonia ;  they  moreover  completely 
violate  the  analogy  of  such  names  as  those  last  spoken  of,  for  if  potassamine  and 
mercunmine  are  compounds  derived  from  ammonia  by  ihe  substitution  of  potassium 
and  mereniT  for  hydrogen,  phoephamine,  arsenamine  and  stibamine  ousht  to  oe  bodies 
similarly  derived  by  the  substitution  of  phosphorus,  arsenic  and  antimony  for 
hydrogen.  WP,  B*Ab,  and  H'Sb  ousht  to  be  called  either  hydrie  phosphide,  hydrie 
areenuU,  and  hydric  etibide,  (x  phoephine,  areine,  and  sHbine. 

The  rules  followed  for  the  nomenclature  of  the  oxygen-ealte  are  essentially  the 
same  as  for  the  compounds  we  have  been  hitherto  considering,  except  that  instead  of 
the  termination  -toe  we  have  the  terminations  -ate  and  -ite,  When  an  element  forms 
only  one  daas  of  salts,  the  name  of  the  dass  is  formed  from  that  of  the  element  itself 
by  means  of  the  termination  "Ote,  When  an  element  forms  two  classes  of  salts  the 
^nerie  name  of  those  which  contain  most  oxygen  is  usually  formed  in  the  manner 
just  described,  and  the  generic  name  of  those  containing  less  oxygen  is  similar  but 
ends  in  -ite  instead  of  in  -ate,  •  If  the  same  element  forms  more  than  two  dassess  of 
salts,  the  prefixes  hypo-  and  per-  are  employed  as  fhrther  means  of  distinction,  or 
occasionally  some  special  system  of  nomenclature  is  adopted.  The  following  examples 
will  illustrate  the  application  of  these  rules  to  particular  cases : 

KNO*  «  Fotassio  nitrite  or  Nitrite  of  potassium. 

AgNO*  a  Argentic  nitrite  or  Nitrite  of  silver. 

KNO*  mm  Potassic  nitrate  or  Nitrate  of  potassium. 

AgNO*  ■*  Argentic  nitrate  or  Nitrate  of  silver. 

BiB(NO')'  m,  Barytie  nitrate  or  Nitrate  of  barium. 

KCIO  w  Potassic  hypochlorite  or  Hypochlorite  of  potassium. 

KCIO*  IB  Potassic  chlorite  or  Chlorite  of  potassium. 

EdO*  »  Potassic  chlorate  or  Chlorate  of  potassium. 

KCIO^  «■  Potassic  perchlorate  or  Perchlorate  of  potassium. 

E^SK)*  «i  Potassic  hyposulphite  or  Hyposulphite  of  potassium. 

K*SO*  a  Potassic  sulphite  or  Sulphite  of  potassium. 
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K^O*     »  Fotaisie  hjposnlphate  or  Hyposnlphate  of  potassimn. 

K'SO^       B>  PotasBie  Bnlphate  or  Sulphate  of  potassium. 
In  a  few  cases,  names  formed  in  the  same  manner  as  these  are  given  to  salts  which 
differ  otherwise    than  in  the  mere  proportion  of  ozjgen  that  thej  contain:   for 
instanof^— 

KH^PO*  sr  Potassic  hypophosphite  or  Hypophosphiteof'potassinm. 

K'HPO*  ■■  Potassic  phosphite  or  Phosphite  of  potassium. 
K'PO^      83  Potassic  phosphate  or  Phosphate  of  potassium. 

These  three  dasses  of  salts  differ,  as  will  be  ohsenred,  in  respect  to  the  quantity  of 
hydrogen  as  well  as  of  oxyeen  which  they  contain.  The  explanation  of  the  anomaly 
presented  by  their  nomenclature  is  to  be  sought  for  in  the  nistoiy  of  the  liews  that 
have  been  held  at  various  times  regarding  their  constitution. 

The  nomencUture  of  mixed  salts,  that  is,  of  salts  containing  more  than  one  metal  or 
more  than  one  radicle,  is  a  little  more  complicated  than  that  St  such  as  precede,  but  it 
will  be  easily  understood  firom  a  few  examples :  e,g. — 

EHSO^  «  Hydro-potassic  sulphate  or  Sulphate  of  hydrogen  and 

potassium. 

KAl(90*y  s  Alumino-potassicsulphate,or8ulphateof aluminium 

and  potassium.  (In  the  name  of  this  salt  it  is  not  needfiil 
to  specify  that  it  contains  twice  the  group  S0\  this  being  already 
implied  when  it  is  stated  that  eadi  molecule  contains  an  atom 
of  potassium  and  an  atom  of  aluminium,  the  sum  of  whose  atomi- 
cities is  four  a  twice  the  atomicity  of  the  group  80^.  A  similar 
remark  applies  in  a  great  many  other  cases.) 

A1*(S0«)0*  8  Aluminic  sulphato-dioxide.* 

Fe>(SO«)K)  -  Ferric  disulphato-oxide.* 

PbH(NO^  e=  Hydro-plumbic      nitrato-oxide,*      or     Plumbic 

hydrato- nitrate. 

BiH«(NO>)0«        a  Dihydro-bismuthic   nitrato-dio«ide.» 

Ba(C'H"0*)(NO')  »  Barytie  aeetato-nitrate  or  nitrato-acetate. 

Pb(C*H"0>)a       -  Plumbic  acetato-chloride.* 

The  systematic  names  of  the  hvdrogen-salts  are  of  course  similar  to  those  of  the 
corresponding  salts  of  other  metals ;  uese  names,  however,  are  not  veiy  commonly 
used :  it  is  more  usual  to  speak  of  the  hydrogen-salts  as  acids.  Thns,  for  example, 
HNO*  is  more  frequently  called  nitric  acid  than  hydric  nitrate,  H^O*  more 
frequently  sulphuric  acid  than  hydric  sulphate,  &e.  With  regud  to  the 
nomenclature  of  the  acids,  the  following  rules  are  observed :  if  the  systematic  name  of 
a  hydrogen-salt  is  kydrio  — ate,  its  common  name  is  — io  acid  ;  and  if  its  systematic 
name  is  hydric  —4te,  its  common  name  is  — oua  acid :  examples — 

Systematic  namM.  ComnoD  names. 

Hydric  hypochlorite.  Hypochlorous  add. 

Hydric  chlorite.  Chlorous  acid. 

Hydric  chlorate.  Chloric  acid. 

Hydric  perchlorate.  Perchloric  acid. 

Similarly,  mixed  salts  of  hydrogen  and  any  other  metal  are  frequently  called  acid 
salts:  e,  g.,  hydro-potassic  sulphate,  KHSO\  is  often  called  acid  sulphate  of 
potassium;  and  dihydro-potassic  phosphate,  KH*PO\ is oft^n  calleddiacid 
phosphate  of  potassium.  On  the  other  hand,  mixed  salts  formed  by  the  union  of 
the  type  oxide  with  the  type  of  any  simple  salt,  whether  containins  hydrogen  or  not, 
are  often  called  basic  salts,  e,g,,  plumbic  dioxi-dinitrate,  Pb'(NC)')K)',  and 
plumbic  hydrato-nitrate  are  eadi  of  them  called  basic  nitrate  of  lead;  in  like 
manner,  ferric  oxi-disulphate,  Fe«0(SO*)«  and  ferric  dioxi-sulphate,  Fe*0*(SO<) 
are  called  basic  ferric  sulphates,  or  basic  sulphates  of  iron.  Such  names  as 
these  are  often  convenient  when  speaking  of  certain  weU-known  compounds,  but  for 
scientific  purposes  they  are  better  avoided. 

When  a  metal  forms  two  series  of  oxygen-salts  of  the  same  generic  name,  the  salts 
of  the  two  series  are  distinguished  in  the  same  manner  as  the  yarious  oxides,  chlorides, 
&c.,  of  the  metaL  Thus  we  speak  of  mercurous  nitrate  and  mercurous  sul- 
phate,  mercuric   nitrate  and  mercuric   sulphate;   ferrous   sulphate  or 

*  Strictlj  speaking,  the  names  of  these  salts  would  be  equally  correct  if  inverted  thus :  olumMe 
dioti-ttUpkaU^  Jerrie  osi-duntpkatet  /kfdro-iUumMe  omi-niiratet  phimbie  cMoro-aceteUe,  fte. ;  bat  in- 
convenience migb(  arise  from  the  use  of  names  such  as  these.  Inasmuch  as  the  corresponding  terms  in 
the  case  of  ceitain  organic  salts  would  yvty  closely  resemble  the  names  of  totally  distinct  compounds:  for 
insitnnce,  nn  oxi-bmxoai  or  dioxi-bemoaie  would  be  rery  apt  to  be  confotmdedTwith  an  ogyhemxoate  or 
ttM^bnmoatet  a  ehtoro-aceUUe  with  «t  ehtoraeetatc^  Ac  &c. 
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protosnlphate  of  iron  and  ferric  sulphate  or  fleaqaisnlphate  of  iron; 

Oxygen-salts  beinff  in  reality  merely  a  particular  class  of  oxides,  there  aie  of  course 
corresponding  cUorides,  nitrides,  &c^  of  the  same  radicles.  The  nomendatuie  <^  these 
compounds  has  never  hitherto  assumed  a  very  fixed  or  systematic  form,  radicles  sup- 
posed to  be  contained  in  the  Tarious  classes  of  salts  haying  been  named,  one  by  one, 
according  to  no  general  system,  by  the  inyestigators  of  the  compounds  o(  each.  Thns 
the  radicle  PO  supposed  to  be  contained  in  the  phosphates  is  called  pho^phoryl;  but 
the  radicles  of  the  phosphites  and  hypophosphites  have  no  recognised  names ;  the 
radicle  SO'  of  the  sulphates  is  called  wlphuryl ;  and  the  mdide  SO  of  the  sulphites 
is  called  Unonyl;  again,  the  radicle  NO'  ef  the  nitrates  is  called  nitryl^  and  the  radicle 
NO  (monatomic)  of  the  nitrites  is  called  nitrosyl  or  osotyL  From  these  examples  it 
will  be  seen  that  thers  is  no  certain  rule  by  which  the  name  of  a  class  of  salts  being 
given,  that  of  the  radicle,  supposed  upon  the  theory  of  types  to  be  contained  in  them, 
can  be  deduced.  In  these  circumstances  we  may  venture  to  suggest  the  following 
rule  as  applicable  to  such  cases :  to  form  the  name  of  the  radicle  of  any  class  of  salts, 
substitute  the  termination  -yl/or  ike  final  e  in  the  generic  name  of  the  salts  in  question. 
AcoQrding  to  this  role  we  should  have  such  names  as  the  following : 

NasMt  of  Salts.  Namet  of  Badfclet  reqoirad  bj  typkal  fgrnul*. 

Phosphates.  PhosphatyL 

Fhoirphites.  PhosphitvL 

Sulphates.  Sulphatyl 

Sulphites.  SulphityL 

Nitrates.  NitratyL 

Nitrites.  NitrityL 

When  the  termination  40  is  added  to  the  name  of  a  radicle  in  order  to  idem  the  name 
of  a  compound  containing  it^  the  syllable  yl  may  generally  be  elided :  thus — 

POCl*   »  Phosphatie  chloride  or  Chloride  of  phosphatyL 

80*01'  a  Sulphatic  chloride  or  Chloride  of  sulphatyl. 

SOCP    *-  Sulphitic  chloride  or  Chloride  of  sulphityl. 

^Q  I  B  Hydro-sulphatic  ozichloride  or  Sulphatic  chloro-hydrate. 

The  nomenclature  ol  the  compounds  formed  when  oxygenated  radicles  replace  hy- 

drogen  in  the  type  H'N  or  its  multiples,  or  in  the  mixed  type  ahiv[*  ^^  regard  to 

which  special  rules  are  followed  to  some  extent,  will  be  found  folly  set  forth  in  the 
artieleB  Amic  Acids  (L  165)  and  AMinns  (L  169). 

Compounds  eontaaninff  two  or  more  atoms  of  the  same  polyatomic  radicle  in  one 
molecule,  and  resulting  from  the  combination  of  two  or  more  moleeides  of  the  simpler 
compounds  of  the  radides,  as  explained  in  the  article  CiAssmcATiON  (i.  1020 — 1022X 
may  be  distinguished  by  prefixing  to  the  names  of  the  simplest  corresponding  com- 
pounds the  syUables  di",  tri-,  &a :  for  examj^ — 

K^O'  B  Potassie  disulphate. 

K'Cr'O'  CB  Potassie  dlchromateh 

Na^P'O'  »  Tetrasodic  diphosphate  (Pjrzophosphate  of  sodium). 

Na'PK)'  as  Disodic  diphosphate  (Insoluble  metaphosphate). 

Na'P*0*  »  Trisodic triphosphate (fleitmannandHenneborg'smetaphosphate.) 

The  so-called  sulpkur-salis  which  represent  oxygen-salts  wherein  the  oxygen  is  re- 
placed to  a  greater  or  less  extent  by  suJphur,  may  be  named  in  precisely  the  same  yra.y 
as  the  corresponding  .oxygen-salts  by  pr^xin^  sulpho-to  the  names  of  the  latter,  and 
also^  when  needful,  a  numerical  prefix  to  indicate  the  extent  to  which  the  replacement 
has  proceeded. 

NoicnrcLATusB  of  Oboamic  Bobibs. 

In  organic  chemistry  we  have  to  do  with  many  hundreds  of  substances  formed  of  the 
same  three  or  four  elements.  It  would  therefore  be  an  utterly  hopeless  task  to  try  to 
firame  for  each  substance  a  name  like  those  of  inoiganic  compounds,  which,  if  they  do 
not  directly  express  the  composition  of  the  bodies  to  which  they  are  applied,  have  at 
least  a  definite  relation  thereto.  A  classification  of  organic  bodies  witn  reference  to 
their  composition  alone,  would  be  far  from  afibrding  an  adequate  expression  of  their 
nature  and  mutual  relations :  hence  a  systematic  nomenclature  for  them  can  be  founded 
only  on  a  classification  which  takes  cognisance  of  other  characters  in  addition  to  mere 
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oompoeitioiL  Sach  a  daflsifieatioii  must  be  founded,  first  of  all,  apon  the  fiict  that 
almost  all  weU-ioTestigated  organic  oomponnds  are  found  to  admit  of  being  arranged  in 
ffroups,  which,  although  thej  may  differ  greatly  in  many  important  respecta,  ex- 
hibit a  certain  correspondence  in  the  relations  which  their  seTeral  members  bear  to 
each  other.  These  grou^  asain  admit  of  diyision  and  subdivision  into  smaller  and 
smaller  groups,  the  individnaT  members  of  which  are  more  and  more  closely  related  to 
each  other,  until  we  come  to  substances  which  are  as  intimately  connected  together  by 
composition  and  properties  as  the  difierent  salts  containing  the  same  metal  or  the  same 
oxygen-radicle. 

Thus,  the  great  mqority  of  organic  compounds  (we  are  of  course  speaking  only  of 
those  which  nave  been  sufficienUy  inyestigated  to  aUow  of  a  definite  position  being 
assigned  to  them)  belong  to  one  or  other  of  the  two  great  series — ^the  Fatty  Series,  and 
the  Aromatic  S^es.  Each  of  these  series  again  consists  of  a  number  of  groups^ 
each  of  which  refiects  more  or  less  completely  the  character  of  all  the  rest^  And  each 
group  in  its  turn  oonaists  of  a  number  of  alcohols  and  adds,  around  which,  as  central 
compounds,  we  haye  to  classify  hydrocarbons,  ethers,  salts,  amides,  alkaloids,  and 
numerous  other  deriyatiyes. 

Taking  the  alcohols  as  rejvesentinff  also  the  corresponding  ethers  and  amines  and 
their  other  immediate  deriyatiyes,  ana  the  hydrogen-salts  or  acids  to  stand  for  all  other 
salts  of  the  same  name  with  their  deriyatiyes,  the  leading  terms  of  the  several  groups 
belonging  to  each  homologous  series  may  be  arranged  as  in  the  following  table ;  where, 
for  the  eSke  of  deamess,  tae  formulas  of  compounds  belonging  to  a  particular  groups 
the  tritylic^  are  ffiven  ^instead  of  general  formuln  applicable  to  any  group  whatever), 
but  in  order  to  im  up  the  scheme,  such  terms  as  are  not  known  in  this  group  are  re- 
presented by  cocamples  borrowed  from  other  analogous  groups.* 


ALOOHOLa. 

AdDO. 

Monobasic 

Mon-  "1 
atomic.  J 

C^«0 
Tritylic  alcohoL 

Propionic  acid. 

F^vic  add. 

(C«HK)*-memticacid). 

Di.   1 
atomic./ 

Tritylic  glycol 

Lactic  add. 

Dibaaic. 

Halonic  add. 

Mesoxalic  acid. 

Tri-    ) 
atomic,  y 

Glycerin. 

Glyceric  add. 

Tartzonic  add. 

THbasie. 

(C^W-aconitic  add. 

Tetr-  "1 
atomic  J 

(C*H"0««eiT- 
thromannite). 

(0*H«O»«gallic 
add). 

C«H«0« 

(C*HK)«-tar- 

taric  add). 

(C*HK)'=dtricadd). 

A  table  mmilar  to  the  above  has  already  been  given  in  the  artide  Acms  (L  53),  in 
which  place  Author  details  will  also  be  found  respecting  the  oumpounds  represented 
by  the  special  examples  here  ffiven. 

The  homologous  series  to  wich  each  such  group  belongs  is  determined  by  the  ratio 
of  carbon  to  hydrogen  in  its  individual  terms,  and  its  podtion  in  that  series  by  the 
number  of  atoms  of  carlx)n  which  they  contain ;  while  uie  podtion  in  the  group  of 
the  several  terms  themselves  is  determined  by  their  entire  compodtion  and  general 
chemical  functions. 

Any  particular  compound  is  accordingly  completely  characterised  when  we  know  to 

*  So  Ikr  M  th«  writer  ie  avure,  thli  mode  ofdautfVtDff  organic  nibvtaiicM  wm  firtt  pubUih«d  in  a 
paper  on  the  Noraenclatare  of  Organic  Componndi  which  he  reed  before  the  Chemical  Section  of  the 
Jtnttsh  AiMclatlon,  at  its  meeting  in  Dublin,  September  1M7  (aee  Brit.  Awnc.  Rep.,  1857,  Notice*  and 
Abstracts,  p.  4S)|  but  before  the  appearance  of  the  puper  referred  to'in  the  printed  form,  a  similar  system 
ofdassificatioD  was  suggested  l)j  fcekulfi  (Ann.  Ch.  Pbarm.  ctL  168.    May,  1868). 


NOMENCLATURE.  1 29 

trhat  group  it  belongs  and  what  is  its  place  in  that  group.  This  then  is  the  inibiv 
mation  which  it  is  required  that  the  names  of  a  really  systematic  and  rational  nomen- 
clature should  give  us,  concerning  the  substances  to  which  they  are  applied :  and  it 
would  seem  by  no  means  impossible  to  form  names  which  should  completely  satisfy 
these  requirements,  by  making  the  root  of  each  name  denote  the  group,  and  the  ter- 
minaiion  or  a  second  word  denote  the  ftinction.  Such  a  nomenclature  ^ould  correspond 
precisely  with  the  typical  system  of  rational  formulae  ;  for,  as  has  been  shown  in  other 
articles  (CLAS9rFiCATioK,i.  1022 ;  Fobmtjl^,  ii.  700),  these  formulsB  express  by  means  of 
radicles  the  group  or  genetic  relations  of  the  substances  they  represent,  and  by  means 
of  types  their  chemical  functions.  Or,  again,  such  a  nomenclature  wonld  correspond 
with  the  binomial  nomenclature  of  the  natoral-histoiy  sciences,  according  to  which 
each  animal  or  plant  is  distinguished  by  means  of  two  Latin  words,  one  indicating  its 
genits,  the  other  its  species.  An  attempt  at  a  systematie  nomenclaturs  for  oi^nie 
compounds  based  on  tnese  principles  is  contained  in  the  paper  referred  to  in  the  last 
foot-note ;  which,  though  not  sufficiently  successful  to  make  it  worth  while  to  reproduce 
it  here,  we  allude  to^  because  we  are  convinced  that  it  is  in  this  direction,  if  at  all, 
that  a  rational  nomenclature  is  to  be  reached. 

The  existing  nomenclature  of  organic  chemistry  folfUs  to  a  considerable  extent,  in  a 
more  or  less  satis&ctoiy  manner,  the  requirements  of  a  rational  nomendatnre  as  these 
are  indicated  above ;  it  however  still  retains  a  good  many  habits  of  naming,  as  well  as 
individual  names,  inherited  from  the  early  days  of  the  science,  when  it  was  impossible 
to  foresee  either  the  direction  or  the  extent  of  its  subsequent  development,  and  hence 
possesses  many  terms  formed  without  much  reference  to  anything  but  the  fancy  of  in- 
dividual chemists  and  their  taste  in  the  choice  of  euphonious  words.  But  the  greatest 
defects  of  this  nomenclature  arise  from  the  want  of  unanimity  among  chemical  discoverers 
and  systematisers  as  to  the  manner  in  which  the  principles,  reooenised  more  or  less 
distinctly  by  all,  should  be  carried  out.  And  this  want  of  unanimity,  we  cannot  help 
thinking,  is  mainly  due,  not  to  the  intrinsic  difficulty  of  the  subject,  so  much  as  to  the 
too  partial  manner  in  which  it  is  generally  considered — reforms  being  often  attempted 
in  particular  departments,  without  sufficient  thought  being  given  to  the  effect  which 
they  would  have  if  consistently  extended  to  the  nomenclature  of  other  parts  of  the 
science. 

In  describing  the  nomendatnre  of  organic  chemistry,  as  it  at  present  exuts,  we  shall 
consider  first  tlie  methods  employed  to  designate  the  several  groups,  and  then  the 
modes  of  indicating  the  various  chemical /unc^icms. 

Komenelature  of  Groups. — ^By  reference  to  the  example  of  a  chemical  group 
already  given  on  page  128,  it  will  be  seen  that  the  names  of  its  leading  terms  euibit 
very  little  relation  to  one  another:  we  have  tritylic  alcohol  and  tritylic  glycol, 
glycerin  and  glyceric  add,  malonic  acid  and  tartronic  add,  but  all  the  other  names 
might  have  b^n  selected  completely  at  random.  And  on  eouimining  the  nomendatnre 
of  any  other  group,  the  state  of  things  would  be  found  very  much  tibe  same.  The  fact 
is,  that  throughout  every  department  of  organic  chemistry  the  general  course  of  dis- 
covery has  been  such  that  substances  became  known  and  required  to  be  named  one  by 
one,  long  before  the  relations  of  each  to  the  rest  could  be  ascertained.  Hence,  very 
closely  related  substances  often  bear  names  which  exhibit  no  trace  whatever  of  their 
connexion :  as  alcohol,  ether,  and  acetic  acid ;  propionic  add,  lactic  acid,  and  glycerin ; 
suodnic  add,  malic  acid,  and  tartaric  acid.  Such  names  as  these  it  would  be  very 
difficult  to  get  rid  of,  and  when  they  are  (as  in  these  examples)  convenient  in  them- 
selves and  universally  adopted,  there  is  no  reason  for  wishing  to  do  so.  In  fact,  it  often 
happens  that  such  names  are  practically  better  than  those  which  at  first  sight  appear 
mora  systematic.  For  instance,  nothing  could  seetn  more  natural  than  to  call  the  acid 
C'H*0*  resulting  from  the  oxidation  of  glycerin,  C*H*0*,  glyceric  acid^  a  name  which 
at  once  recalls  its  connexion  with  the  substance  from  which  it  is  derived.  But 
according  to  the  established  usage  of  organic  chemistry,  the  radide  of  this  add,  C'H'O, 

corresponding  to  its  typical  formula     -d^i    [  0\  would  be  called  glyceryl^  a  name  which 

already  belongs  to  C*H^  the  radide  of  glycerin.  We  might  thus  have  the  two  com- 
pounds CH^CP  and  C'H'OCl'  both  of  them  denoted  by  Sie  name,  chloride  of  glyceiyl, 
or  glycerylic  chloride,  a  confusion  which  could  not  have  arisen  had  there  been  less 
similarity  in  the  names  of  the  primary  compounds.  Indeed  it  is  by  no  means  de- 
sirable to  introduce  much  more  r^;ulanty  than  at  present  exists  into  the  nomenclature 
of  the  prindpal  members  of  each  group,  unless  some  effectual  system  of  differentiating 
each  member  and  its  derivatives,  equivalent  to  what  was  attempted  in  the  paper  already 
referred  to,  is  adopted  at  the  same  time. 

Oflate  years  methods  of  naming,  possessing  a  certain  degree  of  generality,  have  come 
into  partial  use,  for  some  corresponding  terms  of  different  groups.  Thus,  the  monatomic 
alcohols  and  one  or  two  of  their  most  immediate  derivatives,  in  most  of  the  groups  of 
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the  first  homologous  series,  have  names  whose  root  is  formed  by  a  Greek  numenl: 
as  trityliCy  tetiyUc,  hexylic,  heptyliCi  &c.  alcohols;  tritylene,  tetrvlene,  hezylene, 
heptylene,  &c  Another  expedient  whieh  has  been  a  good  deal  employed  to  indicate 
the  existence  of  a  genetic  connexion  between  different  bodies,  but  without  defining  its 
nature,  consists  in  making  the  name  of  one  body  out  of  an  anagram  of  that  of  another: 
as  meoonic  and  comenic,  aconitic  and  itaconic,  narootine  and  cotamine,  lep(idine)  and 
pel(amine),  pelarg(omc)  and  lepurg(ylic),  salyUc  and  lasylic,  &c 

The  system  so  much  followed  in  the  nomenclature  of  other  sdenoes,  of  giving  names 
in  honour  of  disooyerers  or  other  eminent  men,  has  not  been  much  employed  in 
chemistty,  and  we  do  not  think  that  this  forms  any  ground  for  regret.  Among  oisanie 
compounds,  dumann  is  almost  the  only  one  which  bears  a  name  of  this  kind :  mawmn^ 
▼hidi  has  the  appearance  of  being  another  name  of  the  same  class,  is  one  for  which  no 
ehemist  is  responsible  so  much  as  the  botanist  who  called  fustic  Madura  Unctoria, 
Such  names  again  as  herapathite  and  weltgieniie  have  generally  originated,  not  with 
chemists,  but  with  eirstallographers,  who  have  given  them  in  acoo^ance  with  their 
mineralogical  habitudes. 

One  rue  which  chemists  would  do  well  to  attend  to  in  their  choice  of  names,  is  to 
avoid  such  as  suggest  a  connexion  that  does  not  exist:  such  as  metamorphine^ 
pseudomorphine,  hypogaeic  acid,  the  last  of  which  (firom  Arachis  hjfpogma)  seems  to 
UDfdy  the  existence  of  a  more  highly  oxygenated  *'  gseic  "  add. 

Nomenclature  of  Funeiions, — ^The  chemical  functions  of  organic  substances  are 
generally  denoted  either  by  using  in  a  generalised  sense  the  proper  names  of  the  sub- 
stances in  which  the  several  functions  were  first  distinctly  recognised,  as  methylic 
alcohol,  butyric  aldehyde,  valeric  acetone,  amylic  glycol,  &c. ;  or  by 
systematie  names  formed  on  the  analogy  of  the  nomenclature  of  mineral  chemistry,  as 
methylic  hydrate  or  hydrate  of  methyl,  methylic  chloride  or  chloride 
of  methyl,  methylic  acetate  or  acetate  of  methyl,  Ji»s.;  or  lastly,  by  means 
of  terminations,  as  methol  fbr  methylic  alcohol,  butyral  for  butyric  aldehyde, 
▼  alerone  for  valeric  acetone,  oxalurethane  for  oxalic  urethane,  lactamethane 
fbr  lactic  methane  or  carbamethane,  ethylene,  amylenei,  &c:  this  last  method 
may  for  the  most  part  be  regsrded  as  a  contracted  form  of  the  first 

We  will  briefiy  discuss  the  names  in  actual  use  for  compounds  representang  the  leading 
terms  of  a  chemical  group  as  above  defined,  and  for  their  prindpal  derivatives,  endea- 
vouring to  point  out  those  which  it  is  most  advisable  to  employ. 

Alooeols.  1.  MonatonUe, — These  are  either  named  alcohols  or  hydrates,  with 
another  word  added  to  distinguish  the  group  to  which  they  belong  this  word  in  almost 
all  oases  endins  in  -ylie,  as  methylic  alcohol,  methylic  hydrate,  or  hjrdrate  of  meih;|rl ; 
boisylic  alcohol  benzylic  hydrate,  or  hydrate  of  benzyl.  The  termination  -o^  to  in* 
dicate  the  alcoholic  fimction,  is  more  emploved  by  French  than  bv  English  chemists. 
The  nomenclature  of  derivatives  of  the  alcohols  will  be  most  clearly  and  concisely 
explained  by  special  examples,  thus : 


Alcohol 
Badide 
Hydrocarbon 
Ether 
Compound  ethers 


Fortmila, 

C*H* 

C*H>«0 

CH»C1 

(C^»)HSO* 


|: 


Namet. 
Ethylic  hydrate,  &c  (as  above), 
alcohol  -  HO)  r.  EthyL 
alcohol  -  HK))  <»  Ethj^ene. 
Ethylic  ether,  or  ethylic  oxide. 
Ethylic  chloride,  or  ehloride  of  ethyL 
Ethvlic  acetate,  or  acetate  of  ethyL 
Hydro-ethylic  sulphate,  or  sulphate  of  ethyl 
and  hydrogen ;  also  called  ethyl-snlphorie 
add,  or  suTphethylic  add. 
Ethylic  sulphate,  or  sulphate  of  eth^L 
Ethylamine,  or  dihydro-ethylic  nitnde. 
Dieuiylamine,  or  hydro-diethylie  nitride. 
Trietnylamine,  or  triethylic  nitride. 
Triethylphosphine,  or  triethylic  phosphide. 
2iine  ethylo-iodide,  or  ethylo-iodide  of  sine. 
Zinc  ethylide,  ethylide  of  shic,  or  sinc-ethyL 
Mercuric  ethylide,  ethylide  of  mercury,  or 
mercury-ethyL 

(Such  names  as  hydrochloric  ether,  acetic  ether,  &c,  are  not  ^ven  above,  because 
thoQ§^  used  for  the  ethers  of  this  group,  they  have  no  analogues  in  oUier  eases.) 

Of  the  various  names  above  given  for  single  compoimds,  we  believe  that  those  which 
stand  first  in  order — that  is,  names  of  the  form  ethflic  hydrate,  etkylic  oxide,  ethylie 
acetate^  &C.,  in  general  deserve  the  preference.  Names  formed  by  the  generalisation  of 
special  names  are  convenient  enough  sometimes,  but  this  method  of  nomenclature  is 


Alkalo'ids    . 


Metallic  derivatives. 


(C^»)H^ 

(C*H»)«HN 

(C«H»)»N 

(0«H»)«P 

C*H»ZnI 

(0»H»)*Zn 

(C«H»)«Hg 
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DOt  well  adapted  fat  application  io  all  cases,  the  names  wbich  it  leads  to  being  often 
dnmsy  in  themselTee  and  giving  rise  to  still  elumsier  derivatrves  and  oompound  names. 
On  the  other  hand,  such  names  as  hydrate  of  ethyl,  o»ids  of  ethyl,  Monde  of  ethyl,  Stc, 
seem  to  belong  too  exclosively  to  one  vifiw  of  the  constitntion  of  the  bodies  tiiey 
denote ;  whereas  names  such  as  those  to  which  we  have  given  the  preference  (ethylic 
hydrate,  &C.X  while  quite  in  accordance  with  this  view,  maj  still  be  used  inde- 
pendentlj  of  it.  They  would  remain  equally  applicable  and  would  be  equally  intelli- 
gible, though  chemists  should  cease  to  recognise  the  existence  of  ethyl  or  similar 
radides  as  proximate  constituents  of  the  alcohols,  for  they  do  not  ci  necessity  imply 
anything  more  than  that  the  compounds  C«H«0,  C*H'»0,  C*H»C1,  &c.,  belong  to  the 
ethylic  giou]^  and  that  they  bear  to  each  other  the  same  mutual  relations  uiat  the 
compounds  EHO,  £K),  KGl,  &c.,  do  in  the  potassic  group.  

In  the  nomenclature  of  the  so-ealled  acid  ethers,  such  as  (0'H*)HSO^  &c.,  it  would 
be  well  to  let  the  name  of  the  alooholie  constituent  always  preceae  that  of  the  acid, — 
that  iS)  to  say  ethyl-sulphurio  acid,  ethyl-sulphate,  &c.,  and  not  sulphethylic  acid, 
solphetliTlate,  &c.  For  not  only  is  the  saline  cWacter  of  such  compounds  not  due  to 
the  alcohol  portion  of  their  oonstituents,  as  seems  to  be  implied  if  this  is  named  last 
and  so  receiyes  the  saline  termination,  but  oonfosion  may  actually  arise  from  the  use  of 
sulpho-  as  a  prefix  in  this  sense  and  also  to  denote  replacement  of  oxygen  by  sulphur 
(in  sueh  oamee  as  eulphooai^onate,  for  instance). 

Compounds  belonging  to  more  than  one  alcohoUe  group  are  easily  named  in  accor- 
dance with  the  examples  giyen  above,  b^  following  the  analogy  of  the  nomenclature 
of  the  mixed  compounds  of  mineral  chemistry.    For  instance : 

(CH»)(C*H»)0  -  Methyl-ethyUc  oxide. 

(C«H^)(C«H")SO*         -  Ethyl-amyUc  sulphate. 
(CH»XC*H»)(C»H»)N  -  Methyl-ethyl-amylamine. 
Simikrly  ^CPR*)0  is  Potassio-ethyUc  oxide. 

But  just  as  the  name  potaasio-hydric  oxide  may  be  abbreviated  into  potassic  hydrate, 
so  the  names  of  many  oonesponding  organic  compounds  may  be  abbreviated:  as 
methyl-eibylic  oxide  into  methylic  ethylate,  potaasio-ethylic  oxide  into  potassic 
ethylate,  &o. 

2.  Diatomie  akohoU, — ^Tfae  fiat  discovered  of  these  eompounds,  C^H'O*,  was  called 
**  glyeol,"  from  the  first  syllable  of  glycerin  and  the  last  of  aleohol,  to  recall  the  &ct  of 
its  being  chemically  intermediate  between  these  two  bodies*  and  this  name  has  since 
been  employed  as  a  general  term  for  all  eompounds  of  this  dass.  ▲  more  systematic 
name  than  ^vool  would  have  been  ethylenic  hydrate,  or  hydrate  of  ethylene, 
and  names  of  this  form  are  the  most  suitable  for  general  application :  astritylenio 
hydrate,  or  hydrate  of  tritylene,  amylenic  hydrate  or  hydrate  of 
amylene. 

Those  derivatives  of  the  diatomic  alcohols  which  correspond  to  derivatives  of  the 
nonatomic  alcohols,  are  named  in  the  same  way  as  the  latter,  the  only  difierence  being 
that  the  adjectival  porticm  of  the  name  ends  in  -yleme  instead  of  in  -ylic,  or  when  the 
adjective  is  replaced  by  a  substantive  preceded  by  of,  this  substantiva  ends  in  -ylene 
instead  of  in  -yl :  as 

C^*0  mm  Ethylenic  oxide,  or  oxide  of  ethylene. 

C^*C1*  <R  Ethylenic  chloride,  or  chloride  of  ethylene. 

CH^CHW)*  =  Ethylenic  acetate^  or  acetate  of  ethylene. 

(C*R*)H^*  »  Ethylenediamine. 

(C'H^H'N^  »  Diethylenediamine. 

Derivatives  which  have  no  precise  analogues  among  those  of  the  monatomio  alcohols 
are  easily  named  upon  the  analogy  of  oorres^nding  mineral  compounds :  as— 

(Cm*y(^  -  Biethylenic  dioxide. 

(Cm*fH*0^       »  Bihydro-diethylenie  oxide  (also  called  diethylenie  etloohoF). 

HO  I  ^  Ethylenic  hydzato-chloride  (monoehlorhydrin  of  glycol). 

((mu^-a  (  0*  —  Ethylenie  hydrato-acetete  (monacetin  of  glycol). 
r(^^V)l  "*   Ethylenic  aeetato-chloride  (aoetochlorhydrin  of  glycol). 

The  names  eadosed  in  parentheses  (monoehlorhydrin  of  glycol,  &c.)  are  borrowed 
from  the  nomendature  of  the  derivatives  of  glycerin ;  this  system  applied  to  other 
diatomie  alcohols^  gives  rise  to  names  even  more  cumbrous  thw  these :  as^  monoehlor- 
hydrin of  tritylie  diyeoL 

3.  JViatomie  wohole. — The  only  triatomtc  aleohd  known  with  any  certainty  is 

X  2 
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glycerin,  the  nomencUture  of  whone  deriyatiTes  follows  for  the  most  port  special  rules. 
The  compound  ethers  of  fflycerin  are  denoted  by  names  formed  from  those  of  the  adds 
by  means  of  the  termination  -in  and  a  numerical  prefix  when  needful :  as — 

Monoetearin.  Chlorhydrin. 

Distearin.  Bichlorhydrin. 

Tristearin.  Bensochlorhydrin. 

Tributyrin.  Aceto-dichlorhydrin. 

Glycerin  yields  also  another  set  of  deriyatives,  bearing  the  same  relation  to  these 
normal  compounds  that  the  monobasic  metaphosphates  do  to  the  ordinary  phosphates: 
that  is  to  say,  each  of  them  differs  by  the  elements  of  a  molecule  of  water  from  a  normal 
glycerin-oompound.    The  nomenclature  of  these  is  as  follows — 

C«H«0*  -  CHW  -  H*0  »  Glycide. 

C«HK)a  -  C»H'0«C1         -  HK)  -  Chlorhydroglycide  (epichlorhydrin). 

C»H\C«H»)0»  -  C»H'(C*H»)0»  -  H»0  -  Ethylglycide. 

It  will  be  seen  that  the  nomenclature  of  glycerin  and  its  derivatiyes  is  not  such  as 
to  admit  of  yeiy  ready  extension  to  other  similar  compounds ;  names  for  these  might, 
howeyer,  be  easily  formed  by  following  the  analogy  of  the  nomenclature  for  inorganic 
salts  already  explained. 

The  deriyatiyes  of  other  polyatomic  alcohols  that  haye  been  hitherto  studied,  belong 
almost  exdusiyely  to  the  class  of  compound  ethers.  They  are  named  by  combining 
with  the  name  of  the  alcohol  that  of  the  generating  acid:  as  stearo-glucose, 
butyro-glucose;  diaceto-mannitan,  tetrabutyro-mannitan,  ehlor- 
hydro-mannitan. 

For  further  illustrations  of  the  nomenclature  of  the  alcohols  and  their  deriyatiyes,  see 
the  articles  Alcohols  (i.  97)  and  Ethers  (ii.  608). 

Acids. — The  nomenclature  of  all  such  deriyatiyes  of  the  organic  acids  as  haye 
analogues  among  the  deriyatives  of  mine-ral  acids,  is  precisely  similar  to  the  nomen- 
clature of  the  latter ;  we  may  therefore  consider  it  as  naying  been  already  sufficiently 
discussed. 

It  may  howeyer  be  pointed  out  that,  inasmuch  as  the  name  of  each  class  of  organio 
salte  is  in  general  independent  of  that  of  eyery  other  class,  the  corresponding  oxygen- 
ated  radicles  can  be  denoted  by  shorter^  names  than  those  which,  as  we  haye  pointed 
out,  are  often  necessary  for  the  inorganic'radides.  Thus  to  get  the  name  of  the  radicle  of 
an  organic  salt,  we  change  the  termination  'Oie  {•ite  does  not  occur  unless  quite  ex- 
ceptionally, as  salicylite  of  methyl)  into  -ylt  instead  of  retaining  the  -iU  of  the  name  of 
the  salt:  for  instance  benzoyl,  instead  of  benzoatyl,  acetyl,*  instead  of  acetatyl,  &c. 

It  is  still  needful  to  say  a  few  wcrda  npon  the  nomenclature  of  the  so-called  snb- 
stitution-deriyatiyes  and  coi^juflated  deriyatiyes  of  the  organic  acids,  and  what  is  here 
said  may  be  taken  as  also  for  the  most  part  applicable  to  the  corresponding  deriyatiyes 
of  the  alcohols. 

Compounds  formed  by  the  substitution  of  chlorine^  bromine,  &c.,  for  hydrogen  are 
denotea  by  prefixing  ehloro^,  diehloro',  bromo-,  dibromo-,  &c.,  to  the  names  of  the 
corresponding  normal  compounds ;  and  bodies  in  which  the  groups  NO',  NH',  &C., 
replace  hydrogen  are  similarly  named  by  means  of  the  prefixes  nitro',  amido-,  &c :  as, 

Chloracetic  add.  Nitrobenzoic  acid. 

Dibromosuccinic  add.  Diamidobenzoic  add. 

The  prefix  oxy*  is  commonly  used  in  a  somewhat  different  sense,  namely  to  express 
the  addition  of  oxygen,  not  the  replacement  of  hydrogen  thereby:  as 

CHW  «  Benzoic  add.  C^K)»  «  Salicylic  add. 

C'HK)»  «  Oxybenzoic  add.  C'H«0«  -  Oxysalicylic  add. 

C'H*0*  «  Dioxysalicylio  add. 

The  application  of  this  prefix  may  howeyer  be  considered  as  comparable  to  that  of 
the  others  aboye  mentionKl,  i^  with  Kolbe,  we  regard  the  addition  of  oxygen  in  these 
cases  to  be  effected  by  the  replacement  of  H  by  HO. 

Sometimes,  instead  of  the  prefix  amido-,  the  termination  -amio  ia  employed,  as 
benzamic  add,  instead  of  amidobenzoic  add ;  such  names  are,  howeyer,  incorrect :  for 
monobasic  acids  such  as  benzoic,  do  not  form  true  amic  adds,  and  the  compounds  re- 
ferred to  do  not,  eyen  in  respect  to  empirical  composition,  bear  the  same  relation  to  the 

*  The  nxme  acetyl  was  first  giren  to  the  croup  CH^O  by  Diimiu  (Tratti  4e  Ckim,  appL  awt  arts^ 
Tol.  Ti  p.  341, 1843),  who  represrated  aldehyde  by  the  formula  C>H'O.H.  calling  It  **  bydrure  d'ac£tylp." 
WilUamson,  who  first  suggested  the  riews  now  preralent  respecting  the  constitution  of  acetic  and  other 
similar  acids,  called  this  radicle  **  othyl;"  but  this  name  has  been  generally  abandoned  for  the  term 
acetyl  (again  applied  by  Gerhardt  as  it  had  been  by  Dumas),  on  account  of  the  difllcuUy  of  forming 
analogous  names  for  analogous  radicles. 
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lormal  compounds  Uiat  ozamic  acid,  for  instance,  does  to  oxalic  acid.  Strictly  speaking, 
:he  so-called  amido-  acids,  or  amic  acids  of  monobasic  organic  acids,  are  most  doselj 
relat-ed  to  the  oxygenated  deriTatiTes  of  the  bodies  with  which  they  are  commonly 
compared,  so  that  the  tnie  systematic  name  of  amidobenzoic  or  benzamic  add  would 
be  oxybenzamic  acid  (see  also  Akic  Acms,  i  167). 

The  jprefiz  suipho-  is  also  often  applied  to  the  names  of  organic  acids  in  a  manner 
which  IS  not  quite  correct :  thus,  the  substance  called  sulphacetic  add  is  not^  what  the 
name  would  best  express,  a  body  deriyed  from  acetic  add  by  the  substitution  of 
sulphur  for  oxygen,  but  a  compound  produced  by  the  action  of  sulphuric  anhydride  on 
acetic  add.  This  product  would  be  better  named  acetosulphuric  add  than  sulphacetic 
add,  but  even  that  name  would  not  be  quite  correct,  inasmuch  as  the  substance  in 
question  is  primarily  related  to  glycoUie  (oxyacetic)  acid  and  not  to  acetic  add. 

Several  derivatives   of  the  types  nHFN   and    m^  >  containing  the  radides  CO, 

carbonyl,  and  C*HH),  glycollyl,  have  received  speciu  names  in  addition  to  their 

CO) 
systematic  names :  for  instance,  carbamide,  ^^  [  N*,  is  also  called  urta,  and  this  name 

is  often  applied  in  a  generic  sense  to  all  compounds  derived  from  urea  by  partial  or 

CO       1 
complete  replacement  of  its  hydrogen  by  other  radides,  as  /nrg^sxn"  i  ^  ethyl'Urea, 

CO  "I 

(nmtQxmt  >  N'  "■  diacetyl-urea.  Similarly,  adds  formed  upon  the  type  of  hippuric  add, 

that  is,  by  the  replacement  of  hydrogen  in  glycollamic  add  (glycodne),     -at    (  O'  '"^ 

often  denoted  by  names  ending  in  -urtc,  as  salicyluric  acid,  cuminunc  add,  toluylurio 
acid.  Exceptional  names  are  also  used  to  some  extent  for  the  compound  ethers  cor- 
responding to  amic  adds:  thus  ethylic  carbamate  is  also  called  urethane  or  carha- 
fnethane,  ethylic  oxamate  is  also  called  oxamethane^  ethylic  lactamate  is  also  called 
laeUtmethanAt  ^le. 

We  give  bdow  a  list  of  other  terminations  to  which  particular  signiilcations  are 
often  attached,  together  with  examples  illustrating  the  use  of  each. 

-aL  Abbreviation  of  aldehyde.  Ex.  BtUyral  »  butyric  aldehyde;  tfoleral  =  val- 
eric aldehyde. 

-anil.    (tr.  aniline).     Phenyl imide.    Ex.  MalanU  =  phenyl-malimide. 

-anilie  acid.     Phenyl amic  add.    Ex.  BuccinaniUc  add  »  phenyl-sucdnamic 

add. 

-anilide.    Phenyl amide.    Ex.  Aeetanilide  =  phenyl-acetamide. 

-ene.    A  compound  containing  only  carbon  and  hydrogen.    Ex.  Benzene^  naphthalene. 

-ide.  (1)A  compound  of  two  elements,  two  radides,  or  of  an  element  and  a  radide. 
Ex.  Zmc-metmdey  or  ginc'inethylide ;  meihylie  ethide,  (2)  A  termination  pro- 
posed by  Gerhardt  (Systime  uniiaire,)  as  a  general  mode  of  denoting  anhy- 
drides: it  is  still  in  partial  use  in  this  sense.  Ex.  Glycollide,  lactide,  mannide, 
(3)  A  general  term  for  compound  ethers  of  polyatomic  alcohols.  Ex.  Glycerides, 
glucondfs,  mannitanides.    Seldom  used  to  denote  individual  substances. 

-in.  (1)  A  neutral  compound  of  carbon,  hydrogen,  and  oa^gen.  Ex.  Glycerin, 
8alicin,meconin,    (2)  A  compound  ether  of  glycerin.    Ex.  Chhrhydrin^ptUmitin, 

-ine.  An  alkaloid.  Ex.  MorpJdne,  quinine.  Also  used  by  some  writers,  but  not  in 
this  work,  in  the  same  sense  as  -me,  or  -in  ;  as  benzine  for  benzene,  glycerine  for 
glycerin. 

-  itan.  Employed  by  Berthelot  to  denote  the  first  product  obtained  by  dehydrating  a 
sugar  whoee  name  ends  in  "iU.    Ex.  ManniUm^  dtdcitan, 

-ite.  A  saccharine  compound  containing  more  hydrogen  than  would  be  required  to 
convert  all  the  oxygen  into  water.    Ex.  Mannite,  dtUcitey  pinite, 

-oL  Abbreviation  of  alcohol  ^Ex^  Phenol  =  pheny lie  alcohol ;  men^Ao^ ->  menthylie 
alcohoL 

-ole.  Sometimes  used  instead  of  -ene,  to  denote  hydrocarbons.  Ex.  Benzole  for  ben- 
zene, toltude  for  toluene.    Not  used  in  this  work. 

-one.  (1)  Abbreviation  of  acetone  or  ketone.  Ex.  Valerone  «■  valeric  ketone; 
benzone  »  benzoic  ketone.  (2)  A  termination  much  employed  without  definite 
meaning.    Ex.  Quinone^  indifuscone. 

-ose.  A  saccharine  compound  containing  oxygen  and  hydrogen  in  the  proportion  re- 
quired to  convert  each  completely  into  water.     Ex.   Glucose,  saccharose,  lactose, 

-yL    A  compound  radide.    Ex.  Ethyl,  benzoyl,  benzyl, 

-ylene.  A  hydrocarbon  (diatomic  radide)  containing  1  at.  hydrogen  less  than  the 
radicle  of  corresponding  name  ending  in  -yL  Ex.  Ethylene,  tritylene,  benzylene, 
(This  termination  is  sometimes  used  in  a  manner  which  is  not  in  strict  accordance 
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with  the  abdve  rule :  thus  the  hydrocarbons  of  the  aerieB  OH*^*  are  called  acety 
lene,  allffUne^  Grotonykne,  valerylene,  among  whidi  names  allylene  is  the  only  one 
that  agrees  with  the  general  rule.  Some  general  ratem  of  naming  the  hydro- 
carbons homologoos  with  marsh-gas  is  a  great  desideratam.) 

For  fiutber  information  respecting  the  history  of  chemical  nomenclature  and  Tarioos 
attempts  that  have  been  made  firom  time  to  time  to  render  it  more  systematic^  see,  in 
addition  to  the  references  already  given,  the  following :  Kopp,  Geschichte  der  Ohemie, 
ii.  412  et  seq.  Berzelius,  Lehrbuch  der  Ghemie,  edit  1831,  toL  vr.  (2nd  part)  pp. 
956,  957 ;  akK)  (for  a  much  fuller  treatment  of  the  subject)  edit  1841,  roL  x.  pp.  428- 
449.  Dumas,  Le^ns  but  la  Philosophie  Chimique,  pp.  32 1-358.  B  o  s  e  t»  Benelius's 
Jahresber.  xxiii.  23,  24.  Gmelin,  l^dbook  of  Chemistzy,  vii.  149-153.  Griffin, 
Chemical  Recreations,  7th  ed.  (1834),  pp.  234-274 ;  also  (another  system)  Radicle 
Theory  in  Chemistiy  (1858),  pp.  86-90.  Newlands,  Chemical  News,  iy.  281 
(30th  Nov.  1861).  Williamson,  Chem.  Soc.  J.  xvii.  Tnew  series,  ii.)  421.  The  fore- 
going relate  to  chemical  nomenclature  in  general ;  the  fbuowins  more  particularly  to  the 
nomenclature  of  organic  compounds:  Lauren t^  Chemical  Mediod,  pp.  856  et  aeq, 
Daubeny,  Rea  Brit  Associat  1851 ;  Transactions  of  Sections,  p.  124.  Weltzien, 
Bystematische  Zusammenstellnng  der  organisch.  Yerbindungen  (1860),  pp.  zxv.- 
zxyiii.  Berthelot^  Chimie  oroanique  fond^  sur  la  synthase  (1860),  i  180-186. 
Kolbe,  Lehrbudi  d.  ozganisch.  Chemie,  L  53-62. 

G.  C.  F. 


A  hydrated  ferric  silicate  allied  to  ehloropal^  which  it  closely 

resembles  in  physical  and  chemical  properties,  excepting  that  it  gelatinises  with  adds. 
Its  composition  is  shown  by  the  foUowmg  analyses : 

a.  From  Nontion,  Bep.  Dozdogne,  France  (Berthier,  Ann.  Ch.  Fhya.  [2]  xxxt. 
92).— 5.  Villefranche  (Dufr^noy,  Ann.  Min.  [3]  iii.  393).— c.  Montmort,  near  Autun 
(Jacquelain,  Ann.Ch.  Phys.  [2]xli.  101). — d.  Andreasberg  in  the  Harts  (Bie wend, 
J.  pr.  Chem.  xi.  162). — e,  Tirschenreuth  (H.  MuUer,  Dana's  Mineralogy,  iL  337). — 
/^  From  the  same  locality  (Uricoechea,  loo,  oU.): 
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C»H»».— The  ninth  term  of  the  series  of  aloohol-mdides,  C«H*-».  It 
is  also  eaJleA.  Pdargmtylf  but  that  name  belongs  more  properly  to  the  corresponding 
acid-radicle,  C*H*'0,  homologous  with  acetyl,  C'H'O. 

Nonyl  has  not  yet  been  isolated.  Hydride  ofnonyl^  C?B?*,  occurs,  together  with 
nonylene,CH",  and  many  other  hydrocarbons  of  the  series  C"B>'*'*  and  OH**,  among 
the  products  obtained  by  distilling  amylic  alcohol  with  anhydrous  chloride  of  sine 
The  hydride  of  nonyl  and  nonylene  occur  in  the  portion  of  the  distillate  which  ^oes 
oyer  between  135*  and  150^,  and  are  separated  by  means  of  bromine,  which  combines 
wiUi  the  nopyleBe  (Wurta,  Bull.  Soc.  Chim.  1868,  p.  800 ;  Ann.  Ch.  Pharm. 
cxxyiii.  225 ;  Jahresb.  1868,  p.  510).  Hydride  of  nonyl  is  also  contained,  together 
with  other  alcohoUo  hydrides,  in  American  petroleum  (Pelouse  and  Cahours).  See 
Htdbxdbs,  iii.  181. 

Hydride  of  nonyl  boils  between  184^  and  187^ ;  its  yapour-density  by  experiment  is 
4*50'  (Wurtz)  ;  by  calculation  4*482.  Its  odour  is  somewhat  like  that  of  lemons. 
(Pelouse  and  Cahours.) 

Chloride  of  Nonyl,  or  Chloride  of  Pehryyl,  C*H"C1,  obtained  by  the  action  of 
chlorine  on  hydride  of  nonyl,  distils  oyer  as  a  colourless,  mobile,  aromatic  liquid, 
haying  a  specific  gravity  of  0*899  at  16^,  and  boiling  at  196^.  Heated  with  acetate  of 
potassium  to  150®,  it  yields  acetate  of  nonyl  as  a  liquid  which  has  a  frni^  odour, 
boils  between  208^  and  212^,  and  when  boiled  with  potash  yields  hydrate  of  nonyl, 
nonylic  or  pelaryonio  alcohol,  as  an  oil  boiling  at  about  200®.  (Pelouse  and 
Cahours.) 

WOm  M  iifl  HI  I  WjB,  ^  C*H^*N. — Obtained  by  the  action  of  ammonia  on  chloride  of 
nonyL  Colourless  liquid  having  an  aromatic  and  ammoniacal  odour;  boiling  between 
190®  and  192® ;  somewhat  solume  in  water.    (Felouze  and  Cahours.) 

wnL    CH'*.    JPelaryonene,  Eiaene. — This  hydrocarbon  oocnn,  together 
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with  he^Iene,  among  the  products  of  the  dzy  disttllation  of  hydroleio  or  metoleio  add. 
Xheernde  diatiUate  iarediatilled  at  180^  to  remoTe  a  quantity  of  empyienmatic  matter; 
the  liquid  which  passes  oyer  is  agitated  with  dilate  -potash-lej,  to  nee  it  from  ToUtile 
adds,  and  dried  orer  chloride  of  caleinm ;  and  the  heinrlene  and  nonylene  are  finally 
separated  by  fractional  distillation  (Fr^my,  Ann.  Ch.  Phys.  [2]  Izr.  148 Y.  It  is  also 
found,  togeUier  with  hydride  of  nonyl,  &a,  among  the  products  of  the  oistillation  of 
amylic  alcohol  with  chloride  of  lino  (Wurtz,  l^.  eit.).  It  is  a  colourless  liquid, 
lighter  than  water,  insoluble  in  water,  soluble  in  alcohol  and  ether ;  has  a  penetrating 
odour;  bums  with  a  bright  white  flame;  boils  at  about  110^  (Frimy) ;  at  about  140^ 
(Wurts).  Vapour-density,  obs.  -  4*071—4*488  (Frimy) ;  4*54  (Wurts);  calc  «> 
4*359. 

Bromide  of  Nonylene,  CH^Br*,  formed  by  diieet  combination,  is  a  non-ToUtale 
liquid,  which,  Uke  its  congeners,  is  attached  by  caustic  potash,  yielding  a  liquid  boiling 
between  UO^  and  200°.    (Wurts.) 

Chloride  of  Nonvlene,  CH'^Ol',  also  formed  by  direct  combination  at  ordinary 
temperatures,  is  an  ouy  liouid,  hearier  than  water,  baring  a  rather  agreeable  odour 
mucn  like  that  of  anise;  it  bums  with  a  green  smoky  flame.    (Fr^my!) 

WOVTIAO   A&CORO&.     Stf«  NoiTTL  (p.  134). 

VORBXmxZOU>mL  A  mineral  from  Ruscula  on  Lake  Onem  in  Bussia. 
probably  a  variety  of  tremolite  (iiL  169).  Contains,  according  to  C.  t.  Baifer,  60'78 
per  cent,  silica,  2*68  ferric  oxide  and  alumina,  14*12  lime,  and  22*46  magnesia. 
(Jahresb.  1854,  p.  820.) 

WOBITX.  A  rock  occurring  near  Egersund  and  other  places  on  the  west  coast  of 
Norway.  Its  composition  is  that  of  a  gabbro,  somewhat  poor  in  augitio  constituents 
(hypersthene  and  diallage),  and  characterised  in  several  places  by  an  admiztore  of 
titaniferous  iron.  Kj  erulf  (Jahresb.  1862,  p.  791),  found  in  a  nonte  from  TronQeld 
in  the  Oesterthal,  of  grey  to  violet  odour  and  containing  labradorite  andsreen  diallage : 
50*06  per  cent,  silica,  5*78  titanic  oxide,  16*44  alumina,  9*71  fbnic  oxide,  14*66  lime, 
4*88  magnesia,  1*38  soda  and  a  trace  of  potash. 

VOXXUX.  The  name  of  a  metal  which  has  been  supposed  to  accompany  zirco- 
nium in  most,  if  not  all  of  the  minerals  which  contain  it  This  idea  of  the  composite 
nature  of  the  earth  commonly  called  siroonia^  is  based  upon  some  experiments  of 
Svauberg  (Fogg.  Ann.  Ixv.  317),  who  found  that  when  chloride  of  zirconium  was 
fractionally  precipitated  by  oxalic  acid,  the  several  precipitates  exhibited  considerable 
differences  of  composition.  On  the  other  hand,  Berlin  (J.  pr.  Chem.  Ivii.  146)  finds 
that  the  several  precipitates  of  oxalate  of  rirconinm  thus  produced  do  not  exhibit  any 
differences  of  composition  sufficiently  great  to  warrant  such  a  conclusion.  The  mattw 
requires  therefore  farther  investigation. 

WOSBAV.  A  mineral  allied  to  ha&vne  (iii.  15),  oocurrinff  in  rhombic  dodecahe- 
drons, sometimes  modified  with  foces  or  the  cube,  more  rarely  of  the  trapecohedron 
2  0  2;  often  granular  massive.  Hardness  «  5*5.  Spedflc  gravity  »  2*25 — 2*8, 
Colour  greyish,  bluish,  or  brownish,  sometimes  black.  Translucent  to  neariy  opaque. 
Before  Sie  blowpipe,  it  loses  colour  and  foses  on  the  edges.    Gelstinises  with  acids. 

Nosean  is  found  chiefly  in  the  enmtive  rocks  at  Lake  Laaeh,  near  Andemach  on  the 
Bhine ;  also  at  Bieden  and  Yolkerfeld  in  Prussia  in  a  leucite  rock. 

The  following  are  analyses  of  the  mineral,  mostly  from  Lake  Laaeh: — a,  h, 
Bergemann  (SulL  de  sc  nat.  1823,  iiL  406).— <?.  Varrentrapp  (Fogg.  Ann.  xlix. 
615).—^   Whitnev   {ibid,  Ixx.  43i).^«.  Blackish-green   to  clove-brown;   specific 

Sarity  2*280.—/.  I^ht  bluish-grey ;  specific  gravity  2*299.— y.  Leek-green,  from  the 
aardt  near  Rieden ;  specific  grari^  2*336. — %.  Tnmsparent  and  colourless,  mostly  in 
twin-crystals  (the  so-called  sc^Lslite  from  Lake  Laaeh) ;  specific  grarity  2*899  (G.  v. 
Bath,  Jahi«sb.  1863,  p.  822) : 


a. 

ft. 

35*99 

d. 

e. 

/. 

g' 

k. 

Silica    .        .        .        . 

88*60 

87-00 

36*52 

36*72 

36*69 

36*46 

36*87 

Sulphuric  anhydride 

816 

11*56 

917 

7*40 

7-52 

7*30 

7*34 

1000 

Chlorine        .        .        « 

1     .     . 

•          • 

0*65 

0*61 

0*71 

105 

0*70 

1*08 

Alumina 

.     29*25 

27*50 

32*56 

29*48 

29*08 

28*45 

29*61 

26*60 

Ferric  oxide    ^with) 
manganic  oxide .  \ 

2*67 

1*78 

0-06 

0*44 

075 

0*47 

0*91 

0*28 

lime     , 

114 

8*14 

1*11 

1*35 

1*20 

0*63 

2*37 

405 

Soda     . 

.     16*56 

12*24 

U-84 

23*04 

23*33 

23*90 

20*60 

20*75 

Potash  . 

ft          •          e 

*     • 

*     . 

•      . 

0*34 

•          • 

•           • 

trace 

Water  . 

e           •           • 

•     • 

1*85 

1*37 

0*83 

2*15 

201 

0  37 

Sulphur 

.      2*82 

1*41 

99*10     99*63     99*23  100*21  100*48  100*64  lOUOO  10000 


136  NOTATION. 

RammeUibeTK  suggests  as  probable  that  nosean  has  the  oompositioii  (NaCLSNaAU"* 
8iO«)  +  6(Na^«.6NaAJl"'SiO«),  that  is  to  say  that  it  oonaists  of  1  molecule  of  soda- 
lite  united  with  6  molecules  of  a  soda-hanyne  oontaining  6  atoms  of  silicate.  This 
formula  requires  86*83  per  cent  silica,  7*26  sulphuric  anhydride,  30*71  alumina,  24*15 
soda,  and  1*06  chloride  of  sodium. 

WOTATIOV.  The  system  of  chemical  notation  now  in  use  among  chemists 
belongs  exclusively  to  modem  times,  for  it  is  essentially  an  expression  of  the  doctrine 
of  definite  combining  proportions,  and  the  atomic  theory.  But  in  all  ages  in  which 
chemifitiy  has  been  cultivated,  signs  of  some  kind  or  other  seem  to  have  been  employed 
to  represent  the  various  kinds  of  matter ;  and  although  we  may  regard  the  definite 
quantitative  value  which  chemical  symbols  have  possessed  since  the  introduction  of  the 
atomic  theory,  as  constituting  an  essential  difference  between  the  chemical  notation  of 
the  present  day  and  that  of  any  former  age,  still  it  is  not  difficult  to  trace,  in  the  nota^ 
tions  of  the  earlier  periods  of  the  science,  nearly  all  the  most  important  elements  of 
that  now  employed. 

The  vezy  early  belief*  in  a  connection  between  the  seyeral  members  of  the  solar 
system  and  individual  metals  led  to  the  representation  of  both,  not  only  by  the 
same  names  (Nomskclatubb,  p.  118),  but  by  the  same  signs.  The  following  account 
given  by  Hassenfratz  and  Adet  of  the  appropriation  by  the  early  chemists  of  these 
signs  to  the  particular  metals,  shows  that  they  were  by  no  means  applied  arbitrarily 
or  at  random,  but  in  accordance  with  a  general  system  of  ideas.  "The  metals  were 
divided  into  coloured  or  solar  metals,  and  white  or  lunar  metals.  The  metals  of  these 
two  classes  were  again  subdivided  into  perfect,  semi-perfect,  and  imperfect  metals ; 
perfection  was  expressed  by  a  circle,  a.  Jig.  732 ;  semi-perfection,  if  we  may  use  such 
an  expression,  by  a  semi-circle,  h ;  and  imperfection  by  a  cross  or  by  a  dart,  c.  Thus 
gold,  which  was  preeminently  the  solar  metal,  was  represented  by  a  simple  circle,  d ; 
this  figure  was  common  to  the  metals  of  the  same  class,  as  copper  e,  iron/,  and 
antimony  ff ;  but  for  these  it  was  combined  with  the  symbol  of  imperfection.  Silver, 
which  they  considered  as  a  semi-perfect  lunar  metal,  was  denoted  by  a  semi-drcle  b ; 
tin,  A,  and  lead,  t,  had  likewise  the  semi-circle  for  their  symbol,  as  belonging  to  the 
same  class ;  but  the^  were  distinguished  from  silver  by  the  cross  or  by  me  dart 
Finally,  mercuiy,  which  was  an  imperfect  metal,  at  once  solar  and  lunar,  bore  the  dis- 
tinctiye  marks  of  both  these  classes,  and  was  denoted  by  a  circle  surmounted  by  a 
semi-circle  with  the  addition  of  a  cross,  j.**  (Mi/noire  sur  de  nouveaux  caracUres  a 
employer  en  Ckimie,  1787.) 

Fig.  732. 


Additional  symbols,  framed  by  individual  chemists  in  accordance  with  their  own 
special  opinione^  were  employed  to  denote  other  substances,  but  those  given  above  long 
remained  in  universal  use.  We  still  find  them  among  the  chemical  signs  adopted  by 
Bergman,  whose  system  may  be  taken  as  the  latest  important  representative  of  the 
ideas  which  reigned  in  chemistry  before  the  time  of  Layoisier,  and  is  therefore  entitled 
to  a  passing  notice.  The  four  ancient  elements  were  represented  by  Bergman  as 
follows : — 

A  V  A  V 

Fire.      Water.       Air.        Earth. 

and  the  principal  classes  into  which  chemical  substances  were  then  divided,  by  the 
following  general  symbols : 


-*-  ^         W        o        ©        V 

Acid.  Inflammable      Metal  Salt         AlkalL  Calx, 

matter.        (regtdus). 

In  order  to  denote  particular  substances,  one  of  these  general  symbols  was  used,  in 
combination  with  some  spedal  sign  of  difference :  thus  the  several  acids  were  denoted 
by  a  cross  followed  by  a  sign  characteristic  of  each ;  the  metallic  calces  by  the  symbol 
"calx,"  (which  when  followed  by  the  letter  |),  for  pura,  signified  lime),  followed  by  the 
special  si^  of  some  particular  metaL  (See  Hassenfratz  and  Adet,  op.  eit.;  also 
the  frontispiece  to  "A  Dissertation  on  Electiye  Attractions,  by  Torbern  Bergman," 
London,  1785;  and  the  plates  to  Pearson's  "  ^translation  of  the  Table  of  Chemical 

•  Bergman  quotes  a  pattaae  from  the  wKitiDgs  of  Celfui  against  ^igen,  according  to  which  this 
beli«f  existed  among  the  ancient  Persians. 
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Nomenclature  proposed  by  Onyton,  Layoisier,  Bertbolet,  and  De  Fourcroy," 
2iid  edit.  London,  1799.  In  the  last  work  the  signs  employed  by  Geoffroy  will  also 
be  found ;  for  information  on  the  origin  of  chemical  symbols,  the  author  refers  to  a 
"  Tract  on  Symbols,"  by  Wall  of  Oxford,  written  in  1783). 

l^ese  signs  of  Bergman's,  and  indeed  all  that  had  hitherto  been  employed,  indicated 
the  substances  to  which  they  were  applied,  exactly  in  the  same  way  as  the  ordinaiy 
names  of  those  substances  indicated  tnem.  They  may  in  fact  be  regarded  as  merely 
abbreviated  modes  of  writing  chemical  names,  for  the  information  which  they  con- 
▼eyed  was  precisely  the  same  as  that  given  by  the  latter.  These  symbols  did  not  ex> 
press,  and  had  not  any  necessary  relation  to  the  composition  of  the  substances  they 
denoted ;  and  indeed  it  is  evident  that  at  a  period  when  fire,  air,  earth,  and  water 
were  still  regarded  as  the  elements  of  all  material  things,  chemists  caw  have  had  no 
clear  ideas  to  express  touching  what  is  now  understood  by  chemical  composition. 
Accordingly,  we  ^st  find  chemical  signs  used  in  their  modem  sense,  that  is,  to  denote 
chemical  composition,  by  the  philosopher  who  first  clearly  pointed  out  what  was  to  be 
understood  thereby.  In  a  memoir  by  Lavoisier,  entitled,  "Consid^tions  g^n^rales 
sur  la  dissolution  des  M6taux  dans  les  acides,"  published  in  the  M^moiree  de 
I'Acad^mie  des  Sciences  (annee  1782,  p.  492;  also  "(Euvres  de  Lavoisier,"  ii.  509.  4to, 
Pans  1862),  occurs  probably  the  first  example  of  the  employment  of  symbols  to  denote 
the  successive  steps  of  a  chemical  operation.  The  meaning  which  Lavoisier  attached  to 
the  signs  used  by  him  will  be  best  conveyed  in  his  own  words. 

"  .  .  .  .  j*ai  constmit  des  espies  de  formules  qu*on  pourrait  prendre  d'aboid 
pour  des  formules  alg^briques,  mais  qui  n'ont  point  le  mdme  objet,  et  qui  ne  d^rivent 
point  des  mftmes  prindpes ;  nous  sommes  encore  bien  loin  de  pouvoir  porter  dans  la 
chimie  la  pr^sion  math^matique,  et  je  prie  en  consequence  de  ne  oonsid^rer  les 
formules  que  je  vais  donner  que  comme  des  simples  annotations,  dont  I'objet  est  de 
soulager  les  op^tions  de  Tesprit 

Soit  une  substance  m^tallique  quelconque        ....  8.M, 

Un  acide  quelconque \^S\u 

L*eau ^ 

Le  principe  o^gine i^ 

L'air  nitreuz  .        • ^^ 

L'acide  nitreuz 0^ 

"  On  aura,  pour  expression  g^n^rale  de  toute  dissolution  m^tallique, 

"  Cette  formule  g^n^rale  variera  suivantlanature  de  I'acide  et  suivant  celle  du  metal ; 
ainsi,  par  example,  si  c'est  la  dissolution  du  fer  dans  Tacide  nitreuz  qu'on  veut  ex- 
primer,  on  aura  (  if  )  (  V  0*  )• 

"Mais  Tadde  nitreuz  ^tant  lui-mdme  un  compost,  il  faut,  dans  cette  formule,  y 
snbstituer  sa  valour,  et  alors  la  formule  prendra  la  forme  qui  suit  (  ^  )  (  V  *^*  A~(  )• 

"Soit  suppose  la  quantity  de  fer  »  a,  il  est  clair  qu'il  £audra,pour  dissoudre  une 
quantity  a  de  fer,  une  quantity  determlnee  d'acide ;  qu'il  y  a,  par  consequent,  une  re- 
lation entre  la  quantite  d'acide  et  celle  du  fer ;  et  qu'en  nommant  b  cette  relation, 
j'aurai  a  b  pour  Texpression  de  la  quantite  d'acide  neeessaire  k  la  dissolution. 

"n  est  dair  encore  qu*une  quantity  a  b  d'acide  nitreux  est  composee  d'une  certaine 

«i'      j»               •              •  <** 

portion  d  eau,  que  je  pourrai  mommer — 

"D'une  certaine  portion  de  principe  oxygine,  que  je  pounai  nommer  -i- 

"D'une  certaine  portion  d'air  nitreux  que  je  pourrai  nommer  .        .        .         _ 

"  Enfin  je  ferai  observer  que,  pour  que  ces  sortes  de  dissolutions  ne  se  fassent  pas 
d'une  maniire  trop  tumultueuse,  il  est  n^cessaire  de  couper  I'acide  de  deux  parties 
d'eau,  d'apr&B  quoi  la  formule  ci-dessus  deviendra: 

ob  ab   jK.         cb   ^ 

(ai)    +    (2fli  V   +    ^V)  +   (— -^  +   T^^)- 


quantite  de  principe  oxygine 
quantite  est  encore,  pour  chaque  m^tal,  dans  un  rapport  constant  avec  la  quantity  de 
ce  m^me  metal,  et,  puisque  j'ai  nomme  a  la  quantite  du  metal,  je  pourrai  nommer 
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^la  quimtiU  de  principe  oxjgme  n^cesssiie  pour  le  satorer.     U  est  dair  que,  qnand 

la  dissolntion  est  £ute,  cette  quantity  doit  itn  ajont^  au  fer  dans  la  ibrmnle,  et 
retranch^e  de  rexpreseion  de  Tacide  nitreuz ;  ainsi  la  fonnole  deviendza : 

Et,  k  cause  qn'il  se  d^gage  de  la  oombinaison  une  quantity  d'air  nitreuz  k  pen  prte 
^giile  en  poida  4  celle  de  principe  ozygine  absorb^  par  le  m^tal,  il  fant  retrancher 

^  A>*    ^  <^^  fonnule  pour  aToir  rezpreesion  rielle  de  oe  qui  restera  aprte  la 

P. 

dissolution ;  on  aura : 

(a^  +14.)   +   (2a4V  +  7-A)+(7'f«-|»^   +   Y  A*     JA*). 

'*  Les  parentheses  ezpriment  la  manito  dont  sont  groups  les  molecules  de  dilftrente 
nature  dans  la  dissolution. 

"Pour  plus  de  simplifleation,  je  supposerai  que,  dans  toutes  ees  dissolutions,  la 
quantity  d  aeide  employ^  est  to^jours  d  une  livre ;  d'aprte  quoi,  a  b  deTiendra  ^g^  i 
I'unit^,  et  la  formule  se  rMuira  4  ce  qui  suit : 

"  n  ne  B*agit  plus  que  de  donner  une  yaleur  numeraire  4  toutes  ces  quantitds  ;  et  je 
Tais  rendre  oompte  des  prindpales  experiences  dont  je  suis  parti." 

In  the  remainder  of  tnis  paper,  Lavoisier  compares  the  numerical  results  calculated 
b^  means  of  this  formula  with  those  yielded  by  actual  experiment,  and  shows  hew 
similar  formulae  may  be  applied  in  other  cases. 

Although  the  notation  employed  by  LaToisier,  in  the  memoir  fiom  which  we  faaye 
quoted,  was  distinctly  founded  upon  the  principle  of  denoting  compound  bodies  by  means 
of  their  elementary  constituents,  this  principle  was  neverthelasft  only  yeiy  imperfectly 
carried  out,  water  for  instance  being  still  represented  by  Berp^an's  symbol  instead  of 
by  the  symbols  of  its  elements,  notwithstanding  that  Layoisier  had  mmself  published 
in  the  prerious  year  two  memoirs  demonstrating  its  compound  nature.  Bat  the  rapid 
advances  in  systematisation  which  took  place  in  the  next  few  years,  soon  rendered  it 
possible  to  apply  this  most  important  principle  in  a  much  more  complete  manner. 
Accordingly,  in  1787,  Hassenfrats  and  Adet  published  two  memoirs  (from  one  of 
which  we  haTe  already  quoted,  p.  136X  wherein  they  proposed  a  much  more  complete 
and  systematic  chemical  notation  than  any  that  mid  hitherto  been  proposed.  They 
began  by  assigning  symbols  to  the  elementary  or  nndeoompounded  bodies,  employing 
similar  symbols  for  sll  the  bodies  of  the  same  dass,  and  giving  the  simplest  to  swm  as 
were  of  most  frequent  occurrence.  Thus,  caloric,  oxygen,  and  nitrogen  were  classed 
together  as  **  substances  which  can  exist  in  the  aeriform  condition  at  the  ordinary 
temperature  of  the  atmosphere,  and  which,  as  entering  into  the  composition  of  an  in- 
finity of  bodies,  require  the  utmost  simplicity  in  their  characters,"  and  were  accordingly 

represented  by  different  positions  of  a  straight  line :    thus,  |  oalorio,  —  oxygen^  / 

nitrogen.  The  fourth  position,  \  was  reserved  to  denote  a  new  element  of  the  same 
class  whenever  such  might  be  discovered ;  and  by  adopting  zigzag  instead  of  straight 
lines,  four  additional  symbols  were  obtained  for  bodies  of  Uie  same  class,  one  of  them, 

I ,  being  employed  for  lights  and  the  three  remaining  positions  being  reaerved  "  pour 
designer  de  nauveUea  tubttanoea  simpies  et  akriformtM  lorequie  ton  en  deoouvrira,** 
Similarly,  a  semi-cirde  was  used  as  the  general  symbol  for  combustible  elements,  each 
individual  being  distinguished  by  a  part^ular  position  of  the  common  character :  thus 
^  hydrogen,  Q    earbon,  ^  aidpnur,    r\  phoaphonu.      The  other  general  symbols 

were  as  follows :  /^  alkalis,  ^  earths,  Q  metals,  Q  acidifiable  compo/umd  radicks, 
^  non-addifiMe  compound  substances  (such  as  ether,  alcohol,  oH,  &e.).  These 
symbols  not  admitting  of  the  formation  of  a  suffident  number  of  spedal  signs  by  mere 
variations  of  position,  the  signs  representing  particular  substances  were  obtained  by 
placing  the  initial  letters  of  their  names  inside  the  common  s3rmbol  of  the  dass  to  which 
they  belonged.  For  instance,  among  the  metals,  gpld  alone  was  denoted  by  the  symbol 
0,  ''  in  order,"  as  the  authors  say,  *'  to  preserve  Che  andent  character,"  the  remainder 
being  denoted  by  a  cirde,  inside  which  was  inscribed  a  letter,  or  in  case  of  the  names 
of  more  tJian  one  metal  having  the  same  ipirio^l,  two  letters,  taken  from  their  latin 
names.      For  instance,  0  lead,  0  platinum,  (t)  silver,  (Q  arsenic,  @  antimony, 


NOTATION.  139 

&e.  Oompoand  bodiM  were  denoted  by  the  jnxtapoeition  of  the  lymboUi  of  their 
elemente^  these  being  placed  upon  the  same  horixontal  line  when  the  elements  were 
regarded  as  mutually  saturated,  bnt  when  an^  element  was  supposed  to  be  in  excess,  its 
symbol  was  placed  below  the  line,  or  above  if  it  was  in  defect  Thus  T~  represented  ice  ; 
the  same  combined  with  a  small  quantity  of  caloric  constituted  water  ^^  and  with 
caloric  in  excess  it  constituted  steam  ^,^ 

A  most  important  alteration  in  the  meaning  of  chemical  symbols  resulted  from  the 
introduction  of  the  atomic  theoiy ;  from  this  time  they  had  not  merely  a  quaUtatire  but 
a  quantitatiTe  signification,  the  symbol  of  each  substance  no  longer  representing  an 
indefinite  quantity  of  that  substance,  but  a  particular  weight  proportional  to  the 
supposed  weight  of  its  atom.  The  atomic  symbols  employed  by  Dal  ton  had  all  the 
same  general  fbrm,  namely  that  of  a  cirde,  this  form  being  most  likely  adopted  by  him 
becaose  he  considered  the  atoms  themselves  as  in  all  probability  spherical.  Examples 
of  some  of  the  s^^bols  employed  by  him  for  non-metallic  elements  have  already  been 

Slyen  in  the  articles  Atomic  Wbiohts  (i.  453)  and  Eqittyalbnts  (ii.  494) ;  in  order  to 
enote  the  several  metals,  he  adopted  the  same  expedient  as  Hassenfratz  and  Adet^ 
namely  placing  their  initial  letters  inside  the  circle. 

In  1816,  Beneelius  proposed  a  system  of  notation  in  which  the  use  of  initial  letters 
was  extended  to  all  the  dements,  and  the  use  of  the  enclosing  circles  was  dispensed 
with.  At  the  same  time  he  introduced  the  method  of  denoting  several  atoms  of  the 
same  element,  or  several  molecules  of  the  same  compound,  by  means  of  coefficients, 
thus  bringing  chemical  notation  almost  exactlv  mto  its  present  state.  Bat  in 
addition  to  the  modem  ^stem  of  chemical  formuln,  which  will  be  fbund  more  fvllj 
described  below,  Benelius  proposed  a  sptem  of  mineralogical  formulse,  which  though 
sddom  met  with  in  modem  works,  require  some  notice  in  a  historic^  summaiy.  These 
formula  were  used  only  for  the  alkaline,  earthy  and  some  metallic  silicates.  Silica 
and  the  various  oxides  occurring  in  these  minerahi  were  denoted  by  their  initial  letters^ 
the  higher  (or  -io)  oxides  hy  capitals,  and  the  lower  (or  -ous)  oxides'  by  small 
letters,  italics  being  employed  for  both  in  order  that  these  might  not  be  confounded 
with  the  chemical  formuLe.  For  instance,  K  »  potash.  N  «>  soda,  B  >■  baryta,  8r  » 
strontia,  C  —  lime,  A  «  alumina,  8  —  silica,  Mn  >■  manganic  oxide,  mn  >■  manganous 
oxide,  F  ■■  ferric  oxide,  /  s  ferrons  oxide.  When  two  symbols  were  joined  without 
a  coefficient,  thev  represented  a  compound  of  two  oxides  in  such  proportion  that 
each  contained  the  same  quantity  of  oxygen :  thus  (taking  8  »  8i(r),  A8  stood 
for  APO^.SiO^;  but  when  a  coefficient  was  used,  it  denotM  combination  according 
to  a  multiple  of  the  above  proportion,  as  J8^  »  APO^.zaiO\  or  A^S  -  2Al^0^.8iO^. 
(Bercelins,  Lehrbuek  der  Ch&mU,  ed.  1831,  voL  iv.  pt.  2,  p.  1078.) 

Still  another  system  of  abbreviated  formnls  proposed  by  BeizeUus  is  now  seldom 
used,  except  by  mineralogists^  and  may  therefore  be  mentioned  here  in  connexion  with 
the  foxegoing.    We  refer  to  the  use  or  dots  placed  above  the  symbol  of  an  element  in 

•  •  •  •  • 

order  to  express  its  combination  with  oxygen,  as  S  for  SO*  and  8  for  SO'.  After  the 
disooveiy  of  the  solphur-salts,  this  mode  of  notation  was  extended  by  the  use  of 
commas  to  stand  for  sulphur,  abort  horixontal  strokes  for  selenium,  and  small  crosses 

fbr  teUnrium:  thus 

•  ... 

K  Ho  moly  bdate  of  potassium. 
i.  tfo  sulpho-molybdate  of  potasssium. 
K  Mo  seleno-molybdate  of  potassium. 
E  Mo  telluro-molybdate  of  potassium. 

From  a  chemical  point  of  view,  these  formula  are  open  to  the  serious  objection  that  they 
seem  to  imply  an  essential  difference  between  the  mode  of  combination  of  oxygen  and 
its  fmalogues,  and  that  of  all  other  elements.  Accordingly,  L i e b i  g  and Poggendorf, 
in  their  great  Dictionary  of  Chemistry,  recommended  the  entire  abandonment  of  them 
(see  Handworterlmeh  aer  reinen  und  angewandten  Chemie,  preface  to  first  edition ; 
also  Ann.  Fharm.  ix.  3,  foot-note),  as  weU  as  of  the  horizontal  strokes  through  symbols 
used  by  Berselius  to  denote  double  atoms.  At  the  same  time  they  proposed  another 
modification  of  Beraelius's  notation,  which,  though  it  has  been  extensively  adopted, 
cannot  be  considered  as  an  important  improvement    This  was  the  placing  of  the 

*  It  to  worthy  of  remark  that,  altbough  we  now  know  the  cooception  of  caloric  aa  a  tabttance  to  have 
been  erroneooa,  the  attempt  to  express  the  qoantlty  of  It  contained  in  a  nat«rlal  tubstance  In  any  given 
•'ate,  rendered  Haatenfrati  and  Adet*«  formula  ta  one  respect  more  complete  than  thneenow  employed. 
The  only  •tmllar  attempt  we  are  acquainted  with  In  modem  chemistry  Is  the  late  Mr.  Bowman's  method 
of  denotiug  the  state  or  sggregatlon  of  a  sobsUnoe  In  ▼axyfaic  the  kind  of  ijpe  employed  In  prinUng  lU 
symbob.    (See  hto  Fractieal  Cktmiitr^t  London  IMS,  pp.  xviii.— xxUl.) 
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Bmall  nameralfl  employed  to  mnltiplj  the  elementaiy  lymbolB,  below  the  symbolf 
instead  of  above  them,  as  CO,  instead  of  CO*,  C.Hq  instead  of  &S*  &c.  The  object 
of  this  latter  alteration  was  to  prevent  the  possioility  of  the  coefficients  employed  in 
chemical  formulae  being  supposed  to  have  the  same  meaning  as  the  similarly  placed 
exponents  in  mathematical  formuln.  Mitscherlich,  with  the  same  object,  avoided  the 
use  of  the  small  numerals  altogether ;  thus  for  instance  he  wrote  chloride  of  benzoyl 
fusing  the  atomic  weights  of  the  period)  14Cl0H2O2a  instead  of  C"H'«0*CR  The 
oanger  to  be  avoided  was  not  however  so  great  as  to  necessitate  either  of  these  expe- 
dients. 

At  first)  even  after  thev  had  assumed  almost  completely  their  modem  foim,  chemical 
formulse  were  not  so  much  used  to  express  processes  of  diemical  change,  as  to  denote 
the  composition  of  individual  substances.  When  they  were  used  to  express  a  reaction 
the  arrangement  of  the  symbols  was  usually  different  irom  that  now  commonly  adopted. 
As  a  general  rule,  instead  of  a  chemical  equation  as  now  written,  the  formulae  of  the 
reagents  were  written  one  under  the  other,  the  similar  atoms  being  added  together,  and 
the  same  was  done  with  the  formulae  of  the  products,  and  the  sign  =  was  placed 
between  the  two  sums.  For  example,  the  transformation  of  prussic  acid  and  water 
into  formic  acid  ammonia  is  thus  represented  in  Liebig's  treatise  on  Organic  Chemistry : 


i< 


1  equiv.  of  hydrocyanic  acid,  N'C*!!' 
8  equiv.  of  water       .        .  H*0» 

N«C«&»0« 


'  1  equiv.  of  ammonia 
1  equiv.  of  formic  acid  . 


C«H«Q« 
NKJ«H»0«/' 


But  the  more  modem  form  of  chemical  equation  with  the  sign  +  was  likewise  used  not 
unfrequently,  the  idea  of  expressing  chemical  changes  in  this  way  dating  in  fact  from 
Lavoisier,  in  whose  TVaiU  iUmentaire  de  Chimie  (Partie,  L  chap,  xiii.)  there  occurs  a 
true  chemical  equation :  namely, 

"  Moi^t  de  ramn  v  aeide  earbanique  +  alcool" 

Turner,  Johnston,  and  Graham  were  amouff  the  first  British  chemists  who 
adopted  Berzelius's  notation,  and  the  earliest  Engush  elementary  work  into  which 
it  was  introduced  was  the  third  edition  of  Turner's  Elements  of  Chemistry.  For 
some  time,  however,  the  use  of  the  symbolic  notation  met  with  considerable  oppo- 
sition in  this  country,  a  certain  number  of  chemists,  one  of  the  most  considerable 
of  whom  was  Bichard  Phillips,  objecting  to  the  system  as  a  whole;  while  in 
other  quarters  objection  was  taken  to  the  use  of  maUiematical  signs  in  a  sense  some- 
what different  from  that  which  they  bore  in  mathematics.  Dr.  W  he  well,  who  was 
one  of  the  most  strenuous  opponents  of  Berzelius's  notation  upon  this  ground,  en- 
deavoured to  replace  it  by  a  system  in  which  the  mathematical  meaning  of  the  signs 
was  more  closely  adhered  to.  But  whatever  may  have  been  the  merits  of  Wheweirs 
notation,  it  was  so  far  from  corresponding  to  the  actual  requirements  of  chemical 
science,  that  it  never  came  into  use,  and  it  is  sufficient  here  to  have  referred  to  it. 

[For  particulars  of  the  controversy  above  alluded  to,  see  Whewell,  On  the  employ- 
ment of  Notation  in  Chemistry ^  Joum.  Boy.  Inst,  i.  347,  May  1831. — I^deaux,  Reply  to 
Whewell,  advoaUvna  Berzelivs't  System,  PhiL  Mag.  Ann.  N.  S.  x.  104,  Aug.  1831.— 
Warington,  On  Chemical  Symbols,  with  remarks  ou  Whewell's  paper,  Phil.  Mag. 
Joum.  L  181. — ^Berzelius,  Reply  to  WhetpeU,  Jahrtisb.  xv.  201, — ^whewell.  Reply  to 
Bergelius,  Phil.  Mag.  Joum.  iv.  9. — "R.  Phillips,  On  the  use  of  Chemical  Symbols, 
ibid.iii.  443 ;  iv.  246. — ^Prideaux,  Replies  to  Phillips,  ibid.  iv.  41 ;  464. — Ghraham,  Replies 
to  Phillips,  ibid.  iv.  106  ;  402. — ^Whewell's  system  of  notation  may  also  be  found  in 
Brande's  Manual  of  Chemistry,  6th  edit  1841.] 

The  important  modifications  or  extensions  which  the  notation  of  chemistry  has 
received  since  the  time  of  Berzelius,  are  not  numerous.  Among  the  most  valuable  we 
may  mention  the  introduction,  by  Gerhard t^  of  "general  formulae,"  in  which  letters  of 
variable  value  are  used  as  coefficients  instead  of  numbers,  and  0  d  1  i  n  g '  s  method  of  de- 
noting the  atomicity  of  polyatomic  elements  and  radicles  by  means  of  accents  placed 
above  their  symbols.    (Chem.  Soc.  Qu.  J.  vii.  1.) 

The  consideration  of  the  quantitative  value  of  the  symbols  of  the  elements  does  not 
come  within  the  scope  of  this  article,  and  has  moreover  been  fully  discussed  in  previous 
articles  to  which  we  must  refer  (Atomic  Weights,  i.  462 ;  Equivalents,  ii.  491 ; 
Metaxs,  Atomic  Weights  and  Classification  or,  iii.  957).  The  various  opinions 
that  have  been  held  of  late  years  in  relation  to  this  subject,  have  however  introduced  a 
good  deal  of  confusion  into  chemical  notation,  and  have  caused  the  more  or  less  general 
adoption  of  a  variety  of  expedieots  for  avoiding  the  consequent  ambiguity.  Such  of 
these  as  are  employed  in  the  present  work  are  explained  below. 

It  now  only  remains  to  explain  the  rules  whidi  are  generally  followed  by  the  leading 
chemists  of  the  present  day  with  respect  to  chemioJ  notation,  and  especially  those 
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which  are  adopted  in  this  work.  The  symbolB  employed  to  represent  atomic  propor- 
tions of  the  several  elementary  bodies,  form  the  basis  of  this  notation.  A  table  of 
these  symbols,  and  of  their  numerical  valnes,  has  abeady  been  given  at  pages  464 
and  466  of  vol.  L ;  we  may  therefore  assume  that  they  are  known.  Compound  bodies 
are  represented  by  the  juxtaposition  of  the  symbols  of  the  elementaxy  atoms  which 
enter  into  the  composition  of  one  molecule.  A  single  atom  is  represented  in  the 
formula  of  a  compound,  by  the  corresponding  symbol  without  any  addition ;  two 
or  more  atoms  are  represented,  either  by  a  repetition  of  the  symbol,  or  by  placing 
after  it  a  small  numeral,  above  or  below  the  line.  For  example,  the  formula  CHNO 
represents  cyanic  acid,  one  molecule  of  which  contains  one  atom  of  carbon,  one  atom  of 
hydrogen,  one  atom  of  nitrogen,  and  one  atom  of  oxygen ;  HflO,  or  H*0,  or  HjO,  re- 
presents the  compound  of.  2  at  hydrogen  with  I  at  oxygen;  C'H*N*0'  repre- 
sents a  molecule  of  oxamide  containing  2  at  carbon,  4  at  hydrogen,  2  at.  nitrogen, 
and  2  at.  oxygen.  Sometimes  it  is  required  to  represent  the  fact  that  in  some 
particular  reaction,  or  set  of  reactions,  certain  atoms  of  a  compound  act  differ- 
ently from  the  remainder:  in  such  a  case  the  symbols  of  the  atoms  in  question 
are  usually  inclosed  within  brackets,  a  numeral  being  added  outside  when  needful, 
which  then  multiplies  all  the  symbols  contained  between  the  brackets.  For  instance, 
in  order  to  express  that  in  monethylic  succinate  the  group  of  atoms  C^*  behaves  in 
many  reactions  differently  irom  the  rest,  the  formula  of  the  compound  may  be  written 
C*H*(C*H*)0*,  instead  of  CfH'*0* ;  similarly,  diethylic  succinate  may  be  written  thus, 
C«H*(C*H»)20\  instead  of  C»H"0«.  If.  for  any  reason  it  is  desired  to  call  special 
attention  to  certain  mnbols  which  are  already  conteined  within  brackets  together  with 
others,  this  may  be  done  by  placing  a  vinculum  over  them,  or  by  putting  them  between 
round  brackets,  and  the  larger  bracketed  group  of  which  they  form  part  between 
square  brackete.  Thus,  suppose  we  want  to  write  the  formula  of  ethylic  dichloraoetate 
in  such  a  manner  as  to  call  attention  at  once  to  the  particular  functions  of  the  groups 
constituting  the  radicles  ethyl  and  dichloracetyl,  and  to  the  fact  that  the  number  of 
chlorine  and  hydrogen-atoms  in  dichloracetyl  is  equal  to  the  number  of  hydrogen 
atoms  in  acetyl — this  may  be  done  in  one  of  the  following  ways : 

(C«SCPOXC»H»)0,  or  [C«(Ha«)0](C»H»)0. 

Another  method  of  pointing  out  the  relation  between  substitution-derivatives  and  the 
corresponding  normal  compounds,  is  to  place  the  symbols  of  the  substituting  atoms  at 
the  same  part  of  the  formula  as  would  otherwise  have  been  occupied  by  the  symbols 
of  the  atoms  whose  place  they  have  taken,  writing  them  when  needfal  above  or  below 

the  line.  For  example,  nitrobenzoic  acid  may  be  represented  thus,  C*  mO*,  to  ex- 
press the  fact  that  the  atoms  NO'  have  taken  the  place  occupied  by  an  atom  of  hydro- 
gen in  the  normal  compound  C^HK)' ;  similarly,  dibromo-trichloro-naphthalene  may  be 

Br« 
written  C'^Cl'.    This  mode  of  arranging  symbols  in  a  formula  is  especially  used  to 

H* 
represent  the  constitution  of  bodies  which  may  be  conceived  as  formed  by  the  substitu- 
tion of  other  atoms  or  radicles  for  hydrogen  in  the  typical  compounds  HCl,  H*0,  H'N, 

C*H* 
&C; ;  e.  g.  ethylic  acetate  when  compared  to  the  type  HH)  is  often  written   qs^qO  or 

C*Xfi 

CH'O  [  ^ '  Bimilarly  diethylamine,  when  compared  to  the  type  H*N,  is  often  written  G*H^N 
'  H 

or  ^  ^  ^  N  or  ^    g  M  N,  &c.    In  order  to  fadlitete  comparison,  the  formulae  of  the 

H         H  > 
primitive  types  are  often  written  in  the  same  manner ;  as  wat«r  jrO  or  -rr  [  0,    ammo- 

nia  HN  or  H  VK.    The  use  of  a  brace  r  in  such  formulae  has  no  other  object  than  to 

indicate  a  little  more  clearly  the  exact  relative  positions  of  the  symbols,  and  thereby 
the  supposed  order  of  combination  of  the  atoms  they  represent. 

In  Older  to  represent  chemical  changes  by  means  of  symbols,  the  formulae  of  the  re- 
acting bodies  are  written  on  one  side  of  an  equation,  and  the  formulae  of  the  products 
on  the  other,  the  several  terms  on  each  side  being  separated  by  the  sign  -f ,  as — 

NKO»     +     SH«0*     -     NHO«     +     SHKO«; 

or,  if  it  is  desired  to  direct  special  attention  to  some  one  product^  this  is  placed  alone 
on  one  side  of  the  equation,  as 

NHO«     +     KHO     -     H'O     «     NKO». 


142  NOTATION. 

With  rfffsrd  to  the  mMBing  of  the  algebrmio  signs  »,  +  and  »  in  chemictl  equations, 
it  most  be  obsexred  that  the  sign  »  expresses  merely  equality  in  weight;  the  sign  -i- , 
that  two  substances  between  whose  fomraln  it  is  phioed  are  mixed  together;  and  the  sign 
~,  the  ieparation  or  removal  from  each  other  of  two  substances.  Sometimes  however 
we  meet  with  the  sign  +  used  to  denote  combination ;  but  such  an  employment  of  it  is 
apt  to  lead  to  great  oonftision  and  ought  always  to  be  avoided. 

If  two  or  more  molecules  take  part  in  or  result  from  a  reaction,  the  number  of  mole- 
cules is  expressed  by  a  ftill-sised  numeral  prt^ceding  the  formula  of  the  substance  in 
question :  thus  when  chlorine  is  prepared  by  heating  a  mixture  of  chloride  of  sodium, 
manganic  dioxide,  and  sulphuric  acid,  the  reaction  takes  place  between  two  molecules 
of  the  chloride,  one  molecule  of  the  oxide,  and  two  molecules  of  the  acid,  and  is  con- 
sequently represented  by  an  equation  thus — 

2Naa  +  Mn»0«  +  2BPS0*  »  Na«SO«  +  Mn«SO*  +   2HK)  +  Cl«. 

The  manner  in  which  the  \ta^  and  small  numerals  are  employed  in  chemical  formuks 
will  be  easily  understood,  if  it  is  borne  in  mind  that  the  use  of  the  former  is  to  multi- 
ply the  formula  of  molecules,  while  that  of  the  latter  is  to  multiply  the  symbols  of  atoms, 
or  the  formulsB  of  radicles  behaving  like  atomsi  Sometimes  these  ooefficients  are  inter- 
flihanged,  but  this  is  always  inoonect,  as  their  true  meaning  is  quito  distinct,  for  instance 
the  formula  G*H'cannot  have  the  same  meaning  as  2C"H^  similany  two  molecules  of  water 
ought  always  to  be  written  2H'0,  not  H*0',  which  would,  strictly  speaking,  be  the  fbnn- 
ula  of  a  compound  one  moleole  of  which  contained  four  atoms  of  hymogen  sod  two  atoms 
of  oxyffen.  A  similar  remark  applies  to  small  numerals  employed  to  multiply  a  group  of 
symbols  inclosed  within  brackets :  «^.  (CHK))*  should  not  be  written  (C^HK)*)  normos 
nerBL  When  the  formula  to  be  multiplied  by  prefixing  a  large  numeral  is  already  broken 
up,  by  some  of  the  symbols  being  contained  within  Ivackets  or  otherwise,  it  is  well,  in 
c^er  to  avoid  possible  misconception,  to  inclose  the  whole  formula  sgain  in  braekets» 
putting^e  numeral  outside.  Thus,  if  the  formula  of  two  molecules  of  alcohol  weore  writ* 
ten  2(C'H*)H0,  the  2  might  be  supposed  to  multiply  onl^  the  qrmbols  between  the 
brackets:  to  avoid  any  ambiguity  it  wotild  be  better  to  wnto  2r((J^*)H0]. 

Sometimes  the  symbols  making  up  the  formula  of  a  single  molecule  are  separated  by 
9kpointf  as  Na'SOMOHH).  The  proper  meaniug  of  this  sign  is  to  denote  tnat  if  the 
atoms  represented  by  the  symbols  on  either  side  of  it  are  removed,  one  or  more  com- 
plete moleooles  will  still  be  left.  When  a  numerical  coefficient  is  prefixed  to  sudi  a 
formula^  its  multiplying  power  extends  only  to  the  symbols  preceding  the  point :  thus 
the  formula  2EGLSbCl*  is  not  equivalent  to  2(EC1.I^C1").  When  the  numeral  is  in- 
tended to  apply  to  the  whole  formula,  this  should  alway9  be  placed  within  brackets. 

In  the  application  of  chemical  formula?  to  mineralogy,  it  is  often  needful  to  be  able 
to  represent  the  general  composition  of  a  mineral,  the  composition  of  particular  speci- 
mens of  which  may  vaiy  considerably,  in  consequence  of  the  more  or  less  complete 
replacement  of  one  constituent  by  one  or  more  others,  isomorphous  with  it  Thus 
the  formula  of  normal  orthodase  or  potash-felspar  is  EAl'Si*0*,  but  the  composition 
of  the  mineral  often  differs  considerably  from  that  represented  by  this  formula,  the 
potassium  being  partially  replaced  by  an  equivalent  quantity  of  sodium,  magnesium, 
or  calcium,  and  the  aluminium  partially  replaced  by  iron.  This  variability  of  compo- 
sition is  expressed  by  writing  the  formula  thus : 

(K;  Na;  Mg;  Ca)(Al;  Fe)«Si»0» 

which  signifies  that  each  molecule  contains  a  quantity  of  potessium,  sodium,  magnesium, 
and  calcium  which  is  together  equivalent  to  one  atom  of  potassium,  and  a  quantity  of 
aluminium  and  iron  which  is  altogether  equivalent  to  two  atoms  of  aluminium. 

The  symbols  given  in  the  table  already  referred  to  (i  464,  466)  represent  in  nearly 
all  cases  the  atomic  weigfate  adopted  by  Gerhardt ;  but  in  additi<m  to  these,  other 
scales  of  atomic  weights  are  in  use  which  it  is  often  needful  to  distinguish  by  the  em- 
ployment of  difterent  symbols.  In  the  first  place,  there  is  the  scale  adopted  in 
"  Gmelin's  Handbook  of  Chemistzy,"  and  some  ^ears  ago  almost  universally  employed 
in  this  country :  when  formulie  founded  upon  this  scale  are  used  in  this  work,  they  are 
distinguished  by  being  printed  in  italics.  Secondly,  in  order  to  denote  atomic  weighte 
twice  as  great  as  those  assumed  by  Oerhardt,  the  ordinary  symbol  is  changed  by  the 
reduplication  of  its  first  consonant,  as  Ppb,  Ffe,  All,  &c.,  or  a  norisontal  stroke  is  drawn 
through  it,  as  Fb,  Fe,  ^1,  &c.  These  modes  of  notation  are  not  employed  precisely  in 
the  same  way  by  all  chemists,  but  as  special  methods  are  seldom  adopted  without  the 
necessary  explanations  being  given  at  the  same  time,  we  need  not  enter  into  further 
detail.  It  is  greatly  to  be  desired  that  all  chemiste  should  scree  in  regarding  the 
modified  notations  now  in  use,  as  merely  temporary  expedients,  and  that  they  should  aim 
at  returning  as  soon  as  practicable  to  the  uniform  and  sole  use  of  the  symbols  originally 
proposed  by  Beizelius. 

G.  C.  F. 
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Falagonite  Crom  Val  de  Noto. 

A  substance  contained  in  green  walnnt-shells.  It  is  prepared  by  mizinff 
the  ethereal  extract  of  the  shells  with  a  perfectly  neutral  solution  of  cupiie  sulphate  tifl 
it  assumes  a  pure  blood-red  colour;  then  decanting  and  filtering,  and  cautiously 
adding  nitric  add  (avoiding  an  excess)  till  the  red  colour  changes  to  blue-green.  The 
nucin  is  thereby  set  free,  and  by  dissolTing  it  in  ether  and  evaporating  over  oil  of  vitriol, 
may  be  obtained  in  the  form  of  a  vellow  powder  composed  of  microscopic  needles.  It 
is  insoluble  in  water,  sparingly  soluble  in  alcohol,  sublimes  at  a  little  above  100°  (or 
according  to  later  experiments,  somewhat  below  90°),  in  reddish-yellow  needles.  Am- 
monia, &ed  alkalis,  and  salts  having  an  alkaline  reaction,  impart  to  it  a  splendid  red 
colour.  The  red  ammoniacal  solution  mixed  with  hydroddonc  acid  deposits  a  brown- 
red  flocculent  precipitate,  soluble  with  red  colour  in  ammonia.  Nucin  is  free  from  nitro- 
Sen,  but  its  exact  composition  has  not  been  determined.  (Vogel  and  Beischauer, 
ahresb.  1856,  p.  693 ;  1868,  p.  633.) 

The  name  Nucin  has  also  oeen  applied  to  a  brown  Tesinous  substance  found  by 
Brandes  in  the  hard  shell  of  the  cocoa-nut. 


A  name  applied,  sometimes  to  the  albuminous  constituent  of  the 

crystalline  lens  {Bandwdrtmnick^  y.  623),  sometimes  to  the  substance  forming  the 
nucleus  of  the  blood-ceUa    {Lekmann*$  Physiological  Chemistry ,  ii  186.) 

ncssam  TBaoHT.  ThSorie  des  NcyatuR,  Kimthaoric-^A.  theory  of  the 
constitution  of  organic  compounds,  devised  by  Laurent  (Ann.  Ch.  Phys.  [21  Ixi. 
125),  and  adopted,  with  some  modifications,  byLeopolHGmelinin  his  "Handbook 
of  Ghemistiy,'  (English  edition,  vol.  vii  p.  18).  It  supposes  all  organic  compounds 
to  be  formed  from  certain  hydrocarbons  containing  even  numbers  of  carbon  and 
hydioeen-atoms,*  e.  g.  Ethylene  C«H«,  Amylene  0"H>*,  Benzene  C"H*,  Naphtha- 
lene C^H*.  These  are  called  Primary  Nuclei ;  and  from  them  are  formed 
Secondary  Nuclei  by  substitution  of  chlorine,  bromine,  oxygen,  sulphur,  nitiyl 
(NO*),  amidogen  (NH*),  &c.  for  equivalent  quantities  of  hydrogen,  e.g.  from  naphthalene 
the  secondary  nuclei,  OH'O,  C»H«Br»,  C"H»a»,  C^«(NO*)«,  &c,  &c  Further,  both 
primaiy  and  secondary  nuclei  are  capable  of  attaching  to  themselves  externally,  as  it  were, 
certain  atoms  or  groups  of  atoms,  alwajs  in  even  numbers,  thereby  producing  alcohols, 
ethers,  adds,  alkaloias,  &c.,&o.  Thus  ethylene,  C*H^  by  addition  ofthe  group  HO, 
produces  ether,  C*H^HO  -  C*H»0 ;  with  H«0*  it  forms  alcohol,  C*H*.H»0«  -  OH«0» ; 
with  O*,  aldehyde;  with  0^  acetic  add,  &c  ;  again,  from  the  secondaiy  nudeus  diox- 
ethylene,  C*H»0«,  is  formed  oxalic  add,  C*HK)«.0«  -  OH«0*;  trichlorethylene,C^Cl«H, 
wiA  O*  forms  chloral,  C*C1»H.0« ;— amidethylene,  0*(NH«)H«  or  C^AdH",  yields 
aoetamide,  C*AdH».0«  «  0«H»NO«,  and  ethylamine,  C«AdH«.H«  -  OH'N,  &c. 

Lastly,  the  compounds  thus  formed  are  capable  of  uniting  with  others  both  organic 
and  inorganic,  forming  what  are  called  coi\jugated  compounds,  induding  the  so-called 
compound  ethers,  eox^jugated  adds,  &c. 

Thus,  in  the  ethylene  series,  we  have  neutral  ethylic  phosphate,  3C^H^0JP0*;  ethylic 
biborate,  C*HK).^0» ;  ethyl-sulphuric  add,  OH*0«.2S0«;  xanthic  acid,  C*H«0«.2CS«; 
bichlorocarbonic  ether,  C*CPH»O.CO«;  peichloro-carbonic  ether,  (XJ1*0.C0«;  terchlox^ 
ethylic  acetate,  OG1'H*O.C*H*0' ;  carbamic  ether  or  urethane,  C«AdH*.2C0' ;  taurine, 
C*AdH».2S0»,  &c. 

As  a  further  illustration,  we  give  the  entire  series  of  compounds  derived  from 
amylene,  C"H'«  {flandJbook,  vol.  »L) : 


Pbdubt  Nucleus,  0**H»» 


Amylene,  Cwff* 
Amylic  Hydride,  C>«H".H« 
Amylic  Ether,  C»«H»».HO 
AmyUc  Alcohol.  C»»H'«.H«0« 
Valeraldide,  C»^»0« 
Valerianic  add,  Ci«H>*.0« 


Amylie  Sulphide,  C"Hw.HS 
Amylie  Mercaptan,  C'«H".H«S« 
Amylis  Iodide,  C»»H".HI 
Amylic  Bromide,  C»«H".HBr 
AmyUc  Chloride,  C"H".HC1 
Telluramyl,  0»«ff  •.HTe 


-  Cof^^aUd  Compounds  of  the  Primary  Nudeus^  C**H**. 

Amylic  Carbonate        .        .        C»*H"CO«  -  C"H"O.CO« 

Tribasic  Amylic  Borate        .        0»H"BO«  -  3C»»H'»0.B0« 

C'»H»B*0'  «  C"H"0.2B0» 

C*H«P0«  -  2C'«H"0.PH0« 

QitQivpO*  B  C*»H*H)*J*H0* 


Amylic  Biborate 
Amylic  Phosphite 
Amylophosphorous  add 


»  The  araaboli  oMd  in  thto  article  have  Um  mbm  valnat  m  in  GiD«iin*s  Hudbook ;  H  b  1,  C  «  6, 
O  a  S,  8  »  16,  Ac 
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Cof^ugaUd  Compounds  (continued). 


Amjiophosphoric  acid 

AmylosulphuroiiB  acid 

Amyloeulphuric  acid 

Amylxanthic  acid 

Methjlamjlic  Oxysnlphocarbonate 

Ethyl-amylic  Oxysulphocarbonate 

Amylic  Dioxysalphocarbonate 

Amylic  Nitrite 

Amylic  Nitrate 

Bibasic  Silicate  of  Amyl 

Amylic  Formate 

Amylic  Chloroformate 

Methylic  Valerate 

Amylic  Cyanide 

Amylic  Sulphocyanide 

Amylic  Acetate 

Amylic  Chloraeetate 

Ethylic  ValeiHte 

Amylic  Oxalate  • 

Amyloxalic  add 

MonoYalerin 

Bivalerin     . 

Trivalerin  . 

Valerone     . 

Valeraoetone 

Amylomalic  acid 

Amylic  Valerate 


C'»H»«PO« 

C"H«S«0« 

C"H'«S*0* 

C'«H»K)*S* 

C'«H"0*S« 

C"H"0«S* 

C>^H>'0«S« 

C'«H"NO« 

C"H"NO« 

C»H«SiO* 

C'«H"0* 

C«H"C10« 

C"H"0* 

C"NH» 

C'«NH"S« 

C"H"0* 

C"C1*H'«0« 

C"H"0« 

C»«H"0« 

Ci«H'«0« 

C»H"0»* 

C*H«0'« 

C»»H'»0« 

C"H"0« 

C"H"0»« 

C"H»0* 


«  C»«H'«0«.PHO« 

»  C»»H«»0«.2S0« 

»  C"H'*0«2S0« 

»  C>»H»«0«.2CS«0 

»  C'»H»»(C*H»)0*.2CS« 

-  C"H"(C*H»)0*.2CS« 
»  C'»H"0«.C*S*0 

»  C»«H»'O.NO« 

«  C'*H"O.NO» 

.  2C'«H"O.SiO' 

-r  C»«H"O.C*HO» 

«  C"H>'0.C«C10" 

»  cm*o.om*o* 

«  C"H'«.C»NH 

-.  C"H»«.C*NHS« 

»  C'*H"O.C*H»0» 

^  C"H"O.C*CPHO» 

«  C*H»O.C'»H»0» 

»  2C»«H>'0.C«0« 

-=  C'»H'»0«.C«0« 

»  C«H"0«.C»»H»0« 

-  OH^O'CC'HH)')" 

B  C"H>«0*.C«H« 

*  C'»H"0».C«H«. 

»  C'»H'H)«.C«H*0« 

.  C'«H»O.C»»H»0« 


Sbcokdart  NnCLBL 


Oxygen^ucleuSf  C'^H^O. 
Valerianic  anhydride   «  C'»H»0.0« 

Osygm-nudeus,  C'*HH)«. 
Pyrotartaric  acid  «  C"H«0*.0« 

Oxygen^uclem,  C'«H«0<. 
Pyrotartaric  anhydride,  C'«H«0*.0« 


Chlorine-nucleus,  C"C1'H'. 
Trichlorovalerianic  acid,  C»»C1»H^0* 

Chhrine-nucleus,  C'»C1*H«. 
Tetrachlorovalerianic  acid,  C'«a*H«.0« 


Amidogen-nucUus,  C"(NH«)H»  -  C"AdH». 

C>»Adfl».H« 

C««Ad(C»«H")H«.H« 

C'«Ad(C«H«)(C*H»)H'.H« 

C'«Ad(C*H»)«H'.H« 

C'«Ad(C"H»)=H'.H« 

C'«Ad(C«H')(C^H»)«H«.H« 

C'»Ad(OH»)«H«.H' 

C'«Ad(C»"H'»)"H«.H« 

C"AdH».0« 

C'»AdH".2C0* 

C"AdH".C*0« 

C"AdH".0» 

C»»AdH".CS».CO«. 

Amidogen-muoleus,  C»«Ad*H«0«.         |  Aeo-nudeus,  C»«NH». 

Inoaic  acid,  C»»N'H«0'»  =  C"Ad«H»0«,0*     Valeronitrile,  C'«NH» 


Amylamine 

.    C»»NH«« 

Diamylamine     . 

,    C«NH» 

Methyl-ethyl-amylamine    • 

.    C'«NH« 

Diethyl-am^lamine    .        • 

.    C"NH« 

Triamylamine    . 
Hethyl-diethyl-amylamine 
Triethyl-amylamine  • 

.    C"NH« 

.    C~NH» 

,    C«NH» 

Tetramylamine .        • 

.    C*«NH« 

Valeramide        •        •        • 

,    C'«NH"0« 

Amylnrethane   .        •        • 

.    C'«NH"0* 

Oxamylane        .        •        • 

.    Ci«NH"0« 

Sincaline   .... 

.    C'»NH"0« 

Xanthamylamide       • 

.    C»»NH»"S«0« 

Cof^ugated  Compounds, 


Amylene-nrea    • 

Valeryl-nrea 

Amyl-piperidine 


C"N«H"0« 
C»«N«H»«0* 
C»NH" 


C'«H".C«N^^O« 

C'»H«0«.C«N«H*0« 

C^H'^.C^AdH" 


The  nucleus  theory  has  not  been  adopted  in  any  other  systematic  work  on  Organie 
Chemistry,  and  it  is  perhaps  unfortunate  that  Gmelin  should  have  made  it  the  basis  of 
his  arrangement  of  organic  compounds ;  for  it  is  entirely  artificial,  often  bringing  into 
close  proximity  compounds  which  have  little  or  no  natural  relation  to  one  another, 
and  bias  moreover  tne  radical  defect  of  representing  organic  compounds  as  a  class  of 


NUTRITION,  ANIMAL.  146 

bodies  quite  dutiiut  from  inorganic  oomponnda^  «  distincticm  which  noent  investiga^ 
tions  haTB  shown  to  hftve  no  existence  in  nature.  Still  as  an  artificial  system  it  is 
peihape  as  oooTenient  as  any  other,  and  enables  ns  with  facility  to  arrange  and  classify , 
nearly  all  organic  bodies  whose  composition  has  been  well  made  out,  as  mar  be  seen 
by  referenee  to  the  preceding  table,  and  ftirther  to  the  Tables  of  Contents  of  the  several 
volumes  of  Gmelin's  Handbook  relating  to  oiganic  chemistry  (vols.  yii.-zTi.),  The 
objection  sometimes  urged  against  it  that  the  nnmber  of  carbon-atoms  in  a  compound 
mnst  be  known  before  its  place  in  the  system  can  be  determined,  is  not  of  much  force ; 
for  no  ifyBtem  that  coold  be  devised  would  enable  an  enquirer  to  find  the  place  of  any 
given  compound  in  it  without  knowing  something  about  its  constitution.  A  more 
serious  olgection  to  the  system  is  that  many  compounds  cannot  be  ananoed  under  it 
at  alL  8uch  compounds  are  placed  in  the  Handbook  aa  Appendices  to  me  groups  to 
which  they  appear  to  have  tbie  closest  aiBnity.  Thus,  under  the  head  of  compounds 
containing  32  carbon-atoms,  linseed-oil  and  other  drying  oils  are  placed  in  an  appen- 
dix to  linoleic  add ;  fish-oils  as  an  i^ipendix  to  Physetoleic  add ;  and  the  solid  natural 
iate»  as  an  appendix  to  the  Getylene  series  in  generaL  This  defect^  however,  is  not 
peculiar  to  the  nucleus-theory :  indeed  in  daasiiying  compounds  according  to  the  radide- 
theozy,  we  meet  with  at  least  an  eoual  number  of  compounds  which  at  present  appear 
intractable:  in  Gerhardt's  IVttiti  ae  Ckhme  organique,  for  example^  which  is  sxranged 
according  to  that  theoiy,  about  a  fourth  of  the  entire  space  is  taken  up  with  the  des- 
cription of  **  Corps  k  B^erJ* 

IT   or    MVMMm     See  CLA88inCAT10N(L  1011). 

An  impure  pyromorphite  containing   arsenate  of  lead,  from 
Nuasi^  Dep.  of  Bhone,  France. 

Wirr  OIKS*  Hazel-nuts,  the  seed  of  Oorylus  AveUanOf  yield  60  per  cent  of  a 
colourless  or  pale  yellow  oil  having  a  sweet  taste,  and  a  spedfic  gravity  of  0*9242  at  Id*'. 
It  solidifies  at  —10^  The  eold-preesed  oil  was  found  Dy  Lefort  to  contain  76*66— 
77*15  per  cent  carbon,  11*46 — 11*73  hydrogen  and  11*89—11*12  oxprgen.  It  forms 
with  chlorine  a  colourless  compound  rather  thicker  than  the  oil  itself,  of  spedfic 
grmtj  1081  at  3'5^  and  containing  21*06—20*26  per  cent  chlorine.  The  braminaUd 
oil  is  yellowish,  of  the  same  consistence  as  the  chlorine-compound,  of  spedfic  gravity 
1-280  at  2*3^,  and  containing  from  86*36  to  36'68  per  cent  bromine. 

Walnut- oil  from  the  kemd  ofJuahns  regiOt  commonly  called  nut  ail,  is  greenish 
when  newly  prepared,  but  becomes  paje-yellow  bv  keeping.  Spedfic  gravity  0*9283  at 
12°,  0*9194  at  26°,  and  0*871  at  94*.  It  is  inodorous  and  has  an  agreeable  taste.  It 
thidcens  at  — 16°  and  solidttes  to  a  white  mass  at  —  27*6°  (Saussnre).  It  dries  mors 
quickly  than  linseed-oil,  and  is  therefore  mudi  used  in  painting. 

It  contains,  according  to  Lefort,  70*7  per  cent  caroon,  11*6  hydrogen,  and  17'8 
oxvgen.  Forms  a  joft  soap  with  potash.  Walnuts  yield  as  much  as  60  per  cent  of 
this  oiL 

Cklorine  converts  walnut-oil  into  a  light  yellow  butter  of  the  consistence  of  thick 
honev :  spedfic  gravity  1*1 11  at  12°  and  containing^  27*12 — 27*26  per  cent  chlorine. 
The  bnnhinated  oil  has  the  same  consistence,  a  speofic  gravity  of  1*409  at  17*6°,  and 
contains  46*84 — 46*76  per  cent  bromine.    (Gerh.  ii  898.) 

VUTMBO  OZltf  •  Nutmegs,  the  seed  of  Myristica  aromatica  (or  M.  moschaia), 
yield  by  distiUation  with  water,  about  6  per  cent,  of  a  transparent,  nearly  colourlesi^ 
mobile,  volatile  oil  of  spedfic  gravity  0*948  (Lewis),  0*920  (Bley),  having  the  odour 
of nutm^,  and  an  aromatic  burning  taste.  It  contains  81*1  percent  carbon,  10*8 
hydrogRn,  and  8*0  oxygen,  and  is  a  mixture  of  an  oil  and  a  camphor.  It  dissolves  in 
alcohol  and  forms  a  soapy  mass  with  alkalis. 

The  oil  when  left  to  stand  deposits  a  camphor  or  stearoptene  called  myristicin, 
which  dissolves  easily  in  boilinff  water  and  crystallises  therefrom  on  cooling  in  trans- 
parent colourless,  long,  very  thm  prisms  with  dihedral  summits,  or  by  rapid  oiystallis- 
ation  in  stpllate  groups  of  needles.  It  dissolves  also  in  cold  nitric  acid  and  in  aqueous 
potash,  easily  in  alconol  and  ether,  and  in  warm  oils,  both  fixed  and  volatile.  Contains 
62*1  per  cent  carbon,  10*6  hydrogen,  and  27*3  oxyeen  (Mulder),  agreeing  nearly  with 
the  formula  C'*H**0'.  It  melts  above  100°,  and  sublimes  compTetelv  at  a  higher 
temperature  in  white  very  slender  needles.  It  absorbs  11*8  per  cent,  hydrodiloric  acid 
gas,  meltine  to  a  transparent  mass,  the  aqueous  solution  of  which  is  predpitated  by 
nitrate  of  suver.    (Gm.  xvi.  391.) 

The  volatile  oil  obtained  from  mace  or  the  arillus  of  nutmeg,  and  the  fixed  oil  or 
butter  called  myristin,  expressed  from  the  seeds,  have  been  abeady  described  (iii.  740 
and  1073). 

Ji U VJUTIOVf  AOTMAlfc     The  word  "nutrition"  as  applied  to  animals  is 
employed  by  phynologista  in  two  somewhat  different  senses.     They  often  use  it  in 
Vol.  IV.  L 
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qpeakhig  of  the  morphologieal  Uws  tooofding  to  which  the  nuts  of  anammal  d< 

or  incfeaae  relfttiTely  to  the  whole  dumb  of  the  animAl  and  thereby  bring  about  ehangee 
in  Ibim.  It  ia  more  commonly  need  (and  only  so  here)  to  denote,  ineepectiye  of  toirm, 
the  smn  total  of  the  pfoeeesee  through  which  Uie  animal  body  isbailt  npand  sustained, 
both  aa  to  its  matOTud  and  aa  to  its  HaFoes,  by  that  l&aotion  of  the  eactemal  world  which 
it  takea  into  itself  from  time  to  time  under  the  name  of  "  food."  Eveiy  animal  con- 
tinually sets  free  from  itaelf  dnring  its  lifittime  a  certain  amoimt  of  material  and  a 
certain  amount  of  force ;  and  the  laws  of  natritioD  mean  the  laws  according  to  which 
that  loss  is  continually  replenished  fimn  the  first  moment  of  the  animal's  existence  to 
its  final  dissolution.  The  necessity  of  such  a  continual  waste  and  renewal,  thou^  a 
problem  of  great  obscurity,  so  long  aa  the  older  theories  of  vital  action  were  belicTed 
in,  becomes  clear  when  the  foets  are  studied  in  the  light  of  the  theoiy  of  the  couserra- 
tion  of  forces.  "While  tiie  waste  of  material  in  any  rital  action  was  supposed  to  be 
caused  bjf  the  Tital  act — ^while,  for  instance^  the  waste  of  muscular  substance  in  muscu- 
lar contraction,  was  supposed  to  be  caused  bjr  the  play  in  the  musenlar  fibre  of  some 
immaterial  thing  called  vital  force— it  was  difiScult  to  connect  stringentlT  together  the 
work  and  waste  as  cause  and  eflfect^  and  to  show  why  the  action  of  the  immaterial 
principle  should  necessitate  the  destruction  of  the  material  substanoe.  The  difficulty 
howoTer  vanishes  as  soon  as  we  lay  aside  the  idea  of  any  particular  vital  force  or  forces^ 
and  regard  the  force  exerted  by  an  animal  upon  the  wtmd  outside  it,  as  having  been 
previously  stored  up  within  the  tissues  of  the  body  as  latent  energy,  and  as  bemg  set 
tree  in  various  forme  of  actual  energy  by  their  decomposition.  From  this  point  of  view, 
the  force  becomes  the  result,  not  the  cause,  of  the  waate ;  and  a  renewal  of  the  body  is 
necessary,  not  in  order  that  the  vital  force  mav  have  new  material  through  which  to 
play,  but  because  fresh  latent  enerrv  embodied  in  new  material  is  from  tune  to  time 
wanted  for  the  production  of  actual  force.  An  animal  may  thus  be  considered  as  con- 
Burdng,  at  any  epoch,  of  a  certain  amount  of  force  associated  as  latent  energy  with  a 
certain  amount  of  material.  During  life  the  force  is  beinft  separated  fiK>m  the  material 
and  set  free^  manifested,  expended  in  the  various  forms  of  vital  foroe^  and  the  material 
thus  deprived  of  its  force,  is  being  cast  out  as  useless.  This  necessitates  that  there 
should  be  con^ually  passing  into  the  body  a  certain  amount  of  force  and  a  certain 
amount  of  material,  so  associated  together  that  they  are  capable  either  of  being 
divorced  at  once  witiiin  the  economy,  and  the  actual  energy  liberated,  as  one  or  more 
of  the  so-called  vital  forces,  or  of  becoming  part  and  psroel  of  the  stock  of  force  and 
material  represented  by  the  body,  ready  when  occasion  demands  to  be  similarly 
disposed  of.  Thus  there  are  three  things  to  be  considered :  the  total  income  or 
material  phiB  force ;  the  force  expended  or  work  done,  that  is  to  say  the  sum  of  the 
vital  actions  of  the  economy ;  and  the  waste  or  material  mintu  the  expended  foroeu 
The  condition  of  the  organism  at  any  gjjen  time  will  depend  on  the  relation  which 
these  factors  then  bear  to  each  other.  Thus  in  early  lifo,  the  income  exceeds  the  ex- 
penditure of  force  and  therefore  also  the  waste  of  material ;  consequently  the  organism 
gains  both  in  force  and  material  After  a  certain  age,  however,  the  income  within  a 
given  period  is,  neglecting  temporary  variations,  sufficient,  but  only  sufficient,  to  cover 
the  expenditure :  coosequentjy  the  body  neither  gains  nor  loses  eiUier  in  force  or  ma- 
terial, but  remains  in  a  condition  of  equilibrium.  The  season  then  follows  in  which 
the  real  income  is  less  than  the  expenditore,  and  the  body  becomes  a  loser.  We  might 
theoreticallv  imagine  this  loss  to  continue  until  the  organism  had  dwindled  down  to 
its  primeval  nothingness ;  but  in  reality,  a  more  or  lees  violent  disruption  of  the  vital 
machinery,  called  death,  takes  place  before  any  great  diminution  can  occur.  The  dead 
body  then  represents  a  certain  amount  of  force  and  material  ready  to  be  disjoined  and 
dissipated  in  ways  that  are  not  vital  through  the  so-called  putrefactive  decomposition. 
These  relations  of  the  factors  to  each  other  during  the  several  phases  of  a  lifetime  are 
imitated  in  the  temporary  variations  that  occur  from  day  to  day  or  year  to  year. 

In  considering  the  income  or  tngeata,  we  find  that,  although  an  animal  receives  small 
quantities  of  actual  energy  in  the  shape  of  heat,  electridtr,  motion,  &c.,  these  are  so 
insignificant  that  they  may  be  disregarded  when  compared  with  the  other  sources  of 
force.  Every  animal  takes  into  itself  from  time  to  time  a  certain  amount  of  a  certain 
number  of  substances,  including  a  certain  quantity  of  oxygen.  These  substancM  re- 
present, in  the  prospect  of  their  chemical  union,  a  certain  amount  of  latent  energy 
(Spannkraft) ;  it  is  their  latent  energy  which  forms  almost  entirely  the  source  of  ue 
actual  enei^  of  the  organism.  Since  the  particular  chemical  umon  through  which 
the  latent  energy  of  these  substances  becomes  liberated  as  actual  energy,  is  chiefiy  one 
of  oxidation,  we  are  enabled  to  state  that  the  income  of  force  for  animals  is  the  force 
derived  flrom  the  oxidation  by  the  oxygen  of  respiration  of  the  oxidisable  bodies  taken 
as  food. 

The  force  expended,  or  ejfecitts,  of  the  animal  assumes  various  forms.  A  certain 
portion  becomes,  and  issues  as,  heat    Another  quantity  is  represented  by  muscular 
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lionttactiofi,  put  of  which  it  conoemed  ia  Tiaoenl  moTflmentfl,  while  the  net  zeealts 
in  looomotioB  and  other  mechanical  effiM^e.  A  third  quantity  is  ealied  nervouB> 
er  eeiebral,  or  sometiafe  mental  force.  A  fourth  is  occupied  with  growth  and  the 
prestfvation  of  form.  The  remainder  has  to  do  with  tlie  chemical  transforma- 
tions and  elaborations  which  are  necessary  before  the  brute  £ood  is  in  a  proper  state 
to  be  consumed  in  Tital  action.  A  part  of  the  total  income  is  expended  in  raising  the 
rest  of  the  ingested  material,  with  its  latent  energy,  to  a  higher  leTel  of  concentration 
and  adaptability  for  oonTerBion,  in  changing,  as  it  is  said,  the  dead  meat  and  vegetable 
substance  into  living  flesh  and  blood  through  the  proceases  of  digestion,  assimilation, 
&e.  This  may  be  called,  j»r  excellence^  nutritive  woA ;  it  oorresponds  also  to  the 
force  supposed  by  some  writers  to  be  required  by  living  material  in  order  to  resist 
ordinary  chemical  and  physical  changes. 

The  woMte  or  e^e«te  may  be  briefly  described  as  consisting  of  csrbonic  acid,  water 
and  certain  crystalline  nitrogenous  bodies, -of  which  urea  is  the  physiological  type^ 
together  with  a  few  other  matters  always  associated  with  the  latter.  AH  these  are 
die  results  of  the  oxidation  of  the  oxidisable  income. 

It  is  evident  that  the  teak  of  taking  the  force  and  material  of  the  incomie  and  of  ex- 
plaining the  numerous  convenions  they  sufier  until  they  finally  issue  as  eflfectus  and 
egesta,  is  nothing  dse  than  the  whole  task  of  physiology.  The  study  of  nutrition  must 
of  neeessitv  be  conflned  within  narrower  limits,  perhaps  in  some  such  way  as  follows. 
The  animal  body  consists  of  certain  kinds  ai  m&tenad  with  fbree  so  associated  with 
them,  that  the  aeoomposition,  the  metamorphosis,  in  other  words  the  oxidation,  of  each 
material  sets  free  an  appropriate  fbree  and  giyes  rise  to  a  corTeq>onding  wasta  Thus 
among  other  things,  the  body  eontains  certain  quantities  of  nervous,  muscular  and  adi- 
pose tissue^  whose  decomposition  may  be  said  to  give  rise  to  muscular,  nervous,  and 
calorific  action,  the  development  of  each  action  being  accompanied  by  its  particular 
waste.  The  object  of  the  study  of  nutrition  is  to  ascertain  qualitatively  and  quantita- 
tively the  things  which  are  best  suited  when  taken  into  the  body  to  ensure  the  acquire- 
ment of  one,  several,  or  all  of  the  various  corporeal  constituents,  and  thence  to  guarantee 
the  exhibition  of  the  force  or  forces  proper  to  the  animal ;  or,  in  other  words,  to  deter- 
mine tine  laws  according  to  which  qualitative  and  quantitative  variations  of  the  income 
affect  the  quality  and  quantily  of  the  capital,  and  thence  the  quality  and  quantity 
of  the  expenditure.  The  practical  problems,  for  whose  solutions  i^  knowledge  of  such 
laws  is  desirable,  will  vary  of  course  with  the  circumstances  of  the  animal.  For  instance 
in  animals  doomed  to  the  slaughter-house,  the  questions  have  to  deal  more  particularly 
with  the  amount  and  nature  of  the  material  developed  in  the  body,  that  is  to  say  with 
the  amount  and  cfaaraetor  of  the  capital.  In  man  and  beasts  of  burden,  attention  has  to 
be  drawn  to  the  amount  and  nature  of  the  force  expended,  muscular,  nervous,  dtc  In, 
coming  to  any  oomdusion  on  these  matters,  a  certain  amount  of  erode  experienoe  is 
beSare  a  rigorously  scientific  method  can  be  appUed. 


Ok  thb  iTATunn  of  Food, 

that  is  to  say,  the  nature  of  the  income.  Thou§^  oxysen  is  an  essential  part  of  the 
income,  it  stoids  so  much  apart  by  itself,  that  it  ia  generuly  considered  separately  from 
the  rest  of  the  income  or  food  proper.  Experience  teaches  us  that  the  food  of  animals, 
so  understood,  consists  of  a  certain  number  df  ammal,  yegetable^  and  inorganie  substances 
known  under  the  name  of  "  articles  of  food.'*  Such  are  meat,  bread,  milk,  potatoes, 
grass,  water.  Some  animals  (herbiwra)  feed  on  vegetable  and  inorganic  substances 
only,  vis.  plants  and  water.  OtJiers  {camivora)  foed  only  on  animals  (previously 
reaJred  on  vegetables)  and  water.  Others  again,  such  as  man,  are  omnivorous,  feedins 
on  both  animals  and  plants.  A  chemical  examination  of  all  known  "  articles  of  food 
shows  that  each  of  them  contains  one  member  or  several  members  of  a  class  of  chemical 
compounds,  which,  from  their  universal  occurrence  in  the  exceedingly  numerous  and 
otherwise  most  diversely  constituted  "  articles  of  food,"  and  from  the  constant  ratio 
their  presence  bears  to  the  roughly  determined  nutritive  value  of  these  articles,  have 
received  the  name  of  "  alimentary  principles."  They  have  these  characteristics.  They 
are  all  capable  of  being  digestecl,  «>.  of  passing  from  the  alimentaiy  canal  into  the 
system ;  when  any  one  of  uiem  is  swallowed,  a  fraction  only  of  it  reappears  in  the 
^Bces.  They  are  all  capable  of  being  oxidised,  and  are  found  by  observation  to  be 
more  or  less  completely  oxidised  when  introduced  into  the  system  as  food;  when 
swallowed,  the  part  which  does  not  reappear  in  the  fieces,  and  which  therefore  has  been 
digested  and  absorbed,  cannot  be  detected  passing  outwards  again  unaltered,  either 
through  kidneys,  luiu^s  or  skin.  They  are  nearly  all  complex  compounds  of  carbon, 
hydrc^n,  oxygen  and  nitrogen. 

Besides  these  oxidisable  "  alimentary  principles  "  there  is  also  another  class  of  sub- 
stances, represented  by  some  of  its  members  in  eveiy  article  of  food,  substances  which, 
though  digertible  and  evidenUy  in  the  habit  of  passing  into  the  system,  are  either 
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incapable  of  (mdation  or  may  be  piOTed  not  to  be  ooddited  in  their  tnniit  through  the 
•  economy.  In  the  opinion  of  some,  these  bodiM  shonld  not  be  daesed  nnder  the  head 
of  food.  But  there  are  cogent  reasons  why  they  should  be  so  treated.  Experience 
shows  tiiat  they  are  qnite  as  essential  constituents  of  a  healthy  diet  as  their  azidisable 
companions.  And  the  necessity  liar  their  nse  is  obTions.  If  it  is  tnie  that  the  amount 
of  force  possessed  and  giren  oat  by  living  beings,  is  dne  to  the  chemical  pro- 
cesses takmg  place  within  the  body,  or  speaking  senenilyp  to  the  osidation  of  the  oad- 
disable  food ;  then,  out  of  the  whole  number  of  sabstanoes  consumed  as  food,  only 
the  ozidinble  **  ^imentazy  prineiplee  "  can  be  looked  to  as  sources  of  force.  But  lin 
is  not  mere  naked  force ;  it  is  not  simple  combustion  or  oxidation.  It  is  oxidation 
under  particular  circumstaaoes;  it  is  force  manifested  in  particular  modes.  The  fores 
generated  by  the  oxidation  of  the  alimentary  principles  is  rmlated  and  directed  into 
particular  channels  in  and  by  the  body.  The  body  itself,  besides  beinff  a  mass  of  latent 
force,  is  a  machine  for  the  oonyersionof  foree^  ana  that  part  of  the  body  which  so  serres 
as  mere  madhineiy  will  require  for  its  construction,  material  that  not  only  need  not  be 
Qxidisable  and  force-giving,  but  will  be  all  the  more  useftil  for  its  special  purpMOses  in 
80  for  as  it  cannot  be  oxidised.  While  that  machinery  is  being  bnut  up,  during  the 
growth  of  the  animal,  its  matmal  must  be  sought  for  in  food,  and  during  the  whole  of  the 
ufo-time  there  will  be  continual  waste  and  renewal  of  the  machinery,  not  necessarily 
for  the  purpose  of  giving  forth  foree^  but  because  the  peculiar  circumstances  of  tha 
machineny  unavoidably  cause  part  of  it  to  be  continually  carried  off  in  the  ffsneral 
waste-eunent  of  the  economy.  The  animal  body  is  not  a  steam-engine  which  seeks 
only  force  in  its  foel  and  is  repsired  from  without ;  it  is  a  peculiar  machine  which  has 
to  nod  in  its  food  not  only  its  supply  of  foirce  but  also  material  for  its  constant  repair. 
We  may  therefore  divide  food  into  the  oxidisable  alimentary  prineiples,  the  force- 
generators,  the  biogenic  elements,  and  into  the  other  substuices  which  serve 
only  as  material  for  repair  of  oure  machinery,  and  which  therefore  may  be  called  f  oree- 
regulators  or  biotaxic  elements.  It  must  however  be  remembered  that  the  force- 
generators  may  be  or  rather  decidedly  are  force-regulators,  though  the  converse  of  course 
does  not  hold  good.  It  is  naturally  a  matter  of  very  great  difficulty  to  detennine 
whether  any  given  body,  confessedly  not  an  alimentary  principle,  is  to  be  regarded  as 
a  foroe-reffulator,  or  as  being  in  that  sense  necessary  to  the  well-being  of  the  economy. 

All  sn^  substances,  generally  found  in  a  healthy  body  and  therafore  in  ordinaiy 
food  and  in  the  ordinaiy  egesta,  may  be  so  considered.  But  it  would  be  haaardous  to 
limit  the  list  to  these,  since  it  is  quite  possible  that  science  may  yet  discover  that  the 
ordimuy  consumption  of  bodies  not  as  yet  recommended  by  experience  would  increase 
an  animal's  well-being  by  introducing  "new  regulative  elements  "  whereby  Uie  conver- 
sions of  force  within  the  economy  mi^t  be  more  advantageously  carried  on.  Should 
any  such  be  discovered,  they  would  hare  the  right  to  be  claimed  as  proper  elements  of 
food.  Hence  the  difficulty  of  giving  a  satiafoctory^  definition  of  "  food  **  wide  enough  to 
embrace  aU  its  parts.  "  Whatever  is  commonly  insorbed  in  a  state  of  health"  is  per- 
haps the  best  or  rather  the  truest.  According  to  this  quinine  (which  though  oxidised 
in  the  sjvtem  to  a  certain  extent,  must  be  reg^irded  for  its  virtues  as  a  pure  regulator) 
in  the  midst  of  malaria  is  as  much  an  element  of  food  as  starch  or  salt.  Meduines  in 
general  may  be  regarded  as  occasional  resulators. 

The  alimentary  principles  may  be  roughly  enumerated  as  follows : 

1.  NUfogmouB  CoUauU. — ^These  are  chiefly  the  whole  series  of  protein-compounds  or 
albuminoids,  both  from  the  animal  and  vegetable  kingdoms.  Also  gelatin,  which  though 
of  little  value  apparently  for  certain  purposes,  foir^  comes  under  the  head  of  "  ali- 
mentary principles."  To  these  may  be  added  certain  pecnliar  nitrogenous  compounds, 
not  protein,  such  as  those  occurring  in  beet-root  molasses  or  mangold  pulp  (Henne- 
berg  and  Stohmann)  whose  nature  and  properties  have  not  yet  been  well  studied. 

2.  Hydrocarbons^  Fats. — ^Nearly  all  animal  fots  may  be  regarded  as  alimentary 

Srinciples.  So  also  most  of  the  vegetable  fatty  bodies,  with  deductions  for  varying 
igeetibility  and  purity.  Information  as  to  the  digestibility  of  vegetable  bodies  more 
or  less  allied  to  fots  and  oils  is  wanting.  According  to  Grou  v  en,  Uie  waxy  and  resinous 
portions  of  vegetable  food  are  largely  digested  by  oxen  and  oxidised  in  their  system. 

8.  Carbo-hydrates. — Stardi,  Sugars,  Dextrin,  Gum,  Woody-fibre,  Pectin.  The 
first  two  are  largely  present  in  most  ve^table  artidee  of  food,  and  hold  a  bigli  rank 
asalimentaiy  principles.  Inulin,  according  to  Bolleston  (Brit  Assoc.  Beports,  1862), 
resists  human  salivaiy  diastase,  and  is  possibly  therefore  not  digested.  Gum  is  not 
digested  by  man,  but  is  destroyed  in  considerable  quantities  by  oxen  (Grou yen). 
The  group  of  substances  known  under  the  name  of  pectin,  classed  for  convenience  with 
carbonydrates,  seems  to  be  readily  digested  and  oxidised  by  oxen.  Woody-fibro  (that 
is  the  cellulose  of  woody-fibre,  not  its  lignin  or  cutin)  is  digested  by  rununants  to  the 
extent  of  from  80—60  per  cent.    (Lawes  and  Gilbert,  Henneberg,  Grouven.) 
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Besides  these  alimentai^  pxindples  there  wxt  also  present  id  a  healthj  diet^  the 
bodies  which  haye  been  called  xeguatony  tix.: 

Water,  and  the  following  elements  in  Tarioos  oombinationi^  phosphoros,  snlphnr 
(in  addition  to  the  quantities  contained  in  the  inotein  sabstaaces),  chlorine,  flnoiine^ 
sodinm,  potaasinm,  falffinm,  magnesium,  iron,  suioon. 

There  are  also  consumed  in  food,  either  nniyenally,  or  generall j,  or  occasionallj, 
certain  bodies  most  of  them  canable  of  oxidation,  bnt  concerning  which  there  is  mnch 
dispute,  either  as  to  whether  tney  really  are  oxidised  in  the  sjstenit  or  as  to  whether, 
if  oxidised,  their  yalne  as  in^pedients  of  food  is  to  be  measvred  by  the  force  given  out 
br  their  oxidation,  or  bj  their  action  as  legulatots.  Sndi  axe  TegetaUe  acids,  theine, 
alcohol,  &e. 

The  food  of  man  also  contains  certain  snbstanees  known  nnder  the  name  of  eondi* 
ments.  Since  these  bodies  pezfbrm  their  fimcttons  outside  the  real  body  though 
within  the  alimentary  canal,  they  haye  no  better  reason  to  be  considered  as  food  thaa 
has  hunger,  optmum  oondtmmttaiu 

DiBTBTIOS. 

Crude  experience  teaches  how  to  foim  such  a  mixture  of  thrae  elements  of  food 
as  shall  ensure  the  well-being  of  the  animal,  in  other  words  how  to  constrpet  a  healthy 
diet.  It  is  found  that  when  any  one  alimentaiy  principle  is  alone  taken  as  food,  the 
animal  periahes  by  staryation.  Neither  protein,  nor  fot,  nor  starch,  nor  sugar  can  alone 
support  life.  It  is  also  found  that  animals  cannot  be  maintained  in  health  unless 
some  members  of  the  group  of  elements  called  reffulators  sre  present  in  their  food. 
Hence  the  rule  may  be  laid  down  that  eyeiy  good  diet  must  consist  of  two  or  more 
alimentary  principles  combined  with  a  selection  of  regulators.  Eyery  known  article  of 
food  ftilflls  these  conditions  more  or  less  perfectly.  1^  order  to  obtain  fitom  experience 
more  exact  knowledge  of  the  absolnte  and  relatiye  amounts  of  the  constituents  of  a 
healthy  diet,  recourse  must  be  had  to  statistical  analysis.  Thua^  takingman  as  an  ex- 
ample, if  a  laise  number  of  diets  actually  in  use  among  persons  of  ayerage  drcom- 
stances  be  colkcted,  and  the  yarious  articles  of  food  contained  in  each  be  analysed 
according  to  their  aUmentaiy  principles  and  constituents,  a  mean  may  be  drawn  which 
would  ffiye  a  qualitatiye  and  quantitatiye  selection  of  the  chief  fiictors  for  a  normal  diet. 
Thus  Holeschott  (Fhys.  d.  NahmngsmitteL  s.  216)  giyee  as  a  normal  daily  diet, 
protein-substance,  130  grms.;  fat,  84  grms. ;  starch,  404  grms. ;  salt,  30  grms. ;  water, 
2,800  gims.  Since  no  one  artide  of  food  contains  its  alimentary  constituents  in  that 
proportion,  it  is  erident  that  two  or  more  articles  of  food  are  necessary  for  a  good  diet. 
Another  me^od  <tf  formulating  the  results  of  large  experience,  is  to  enress  them, 
not  in  terms  of  the  alimentaiy  principles  themselyes,  but  in  terms  of  the  total  quantity  of 
nitrogen  and  carbon  contained  in  those  principles.  Thus  a  certain  amount  of  nitrogen 
represents  a  certain  amount  of  protein,  and  a  certain  amount  of  carbon  also  represents 
the  same  amount  of  protein,  plus  a  certain  quantity  of  either  fot,  starch,  or  sugar,  &c., 
or  of  all  of  them,  in  this  way  Dr.  Edward  Smith  (Sixth  Report  Med.  OS.  Priyy 
Council)  calculates  that  the  agricultural  poor  of  Great  Britain  consume  on  an  ayerage 
420  grms.  carbon,  and  20  grms.  nitrogen  daily,  while  silk-weayers,  needlewomen,  &e., 
only  get  267  grms.  carbon,  and  11  grms.  nitrogen.  Since  the  latter  only  just  manage 
to  keep  starvation  from  their  doors  (265  grms.  carbon,  and  12  grma  nitrogen  daily 
being  the  "  staryation  diet "  suggested  by  Dr.  Smith  in  reference  to  the  Lancashire 
operatiyes),  the  diet  of  the  former,  productiye  as  it  appears  to  be  of  general  health, 
may  fairly  be  taken  as  a  normal  diet.  Variations,  howerer,  from  such  a  standard, 
often  extreme  in  chazact^  and  yet  compatible  with  well-being;  are  occasionally 
witnessed.  Thus  Carpenter  (Human  Phys.  p.  46)  remaifa  on  the  yoradtr  of  the 
V^ititnfttiy^  and  quotes  an  instance  of  one  deyonring  36  lbs.  of  aliment  mostly  fatty. 
Such  a  meal  was  probably  rather  swallowed  than  digested;  but  the  case  of  the 
yoyageors  of  Canada,  who  are  dissatisfied  with  rations  short  of  20  lbs.  of  meet  per  diem» 
would  giye  a  consumption  of  280  grms.  nitrogen.  In  the  direction  of  a  mininum  the 
same  author  mentions  an  instance  of  a  miller,  who  liyed  in  yigour  for  18  years  on 
16  OB.  of  flour  per  diem,  which  would  give  110  grms.  carbon,  and  5'8  grms.  nitrogen. 
Since  this  miller  drank  no  alcohol,  his  case  somewhat  lessens  the  yalue  of  an  argu- 
ment founded  on  the  histories  of  indiyiduals  said  to  haye  liyed  for  years  on  spirits 
plus  a  small  quantity  of  actual  food. 

Another  method  of  determining  a  normal  diet  consists  in  estimating  the  ayerage 
quantity  of  nitrogen  and  carbon  in  the  urea  and  carbonic  add  of  the  ^esta.  The 
amount  thus  determined  is  first  translated  into  alimentary  principles,  and  thence  into 
articles  of  food.  The  lessons  of  experience  thus  zouffhly  analyMd,  though  of  course 
yery  yaluable,  cannot  be  regarded  as  anything  more  than  approximations  to  truth,  or 
as  bases  for  further  inquiry.  For  instance  they  take  no  account  of  an  exceedingly 
yariaUe  factor  in  the  matter,  namely  digestibility.    Thus  the  diet  gained  by  calculat- 
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isg  b»ck  fitMn  the  egefta  cam  only  be  a  tme  one  wben  the  whole  of  the  ingesta  tae  digested, 
which  is  probably  never  the  case.  80  again  in  the  method  adopted  by  Dr.  £.  Smith, 
it  is  taken  for  granted  that  tiie  aitides  ol  food  containing  the  aue  nitiogen  and  carbon 
are  either  who&y  digested  or  digested  at  the  same  rates  nnder  all  cinmrastances.  Bat 
we  know  that  the  digestibility  of  the  dilFerent  alimentary  principles  yariee  according  to 
the  natnre  of  the  article  of  food  in  which  they  are  presented.  And  not  only  has  each 
article  of  food  an  absolute  coefficient  of  digestibility,  but  there  is  erery  reason  to 
believe  that  in  a  mixture  of  different  kinds  of  food  such  as  forms  an  ordinary  meal,  the 
amount  digested  of  each  constituent  will  THry  according  to  the  proportions  and 
character  of  the  mixture.  Thus  the  presence  of  fat  is  thought  to  assist  the  digestion 
of  starch,  and  the  amount  of  cellulose  digested  by  oxen  varies  according  to  the  amount 
of  other  substanees  present  in  the  rations  (Henneberg;  Grouven).  Other  cAr- 
cumstances  too,  such  as  labour,  rest,  &c.,  materially  aifoct  digestion  (£.  Smith). 
Hence  the  importance  of  estimating,  not  the  amount  of  food  tsken  in  by  the  mouth 
only,  but  that  which  is  really  absorbed  into  the  system  and  which  alone  possesses  the 
virtues  sought  for.  Even  when  the  actual  amount  of  carbon  and  nitrogen  neoessazy  for  use 
under  average  circumstances  has  been  thus  determined,  sevonl  questions  hare  to  be 
answered  bdbre  a  diet  of  any  practical  use  can  be  fixed  xmon.  Can  gelatin  snpphint 
protein  either  wholly  or  in  part?  The  labours  of  the  well-known  commissions  show 
now  difficult  or  rather  impossible  it  is  to  decide  this  from  mere  experienoe.  Are  fat 
and  starch  mutually  convertible  ?  May  a  diet  consist  of  all  fot  or  all  starch  in  addi- 
tion to  the  protein  ?  Is  the  action  of  sugar  the  same  as  that  of  starch  ?  What 
changes  should  be  made  for  labour?  What  for  fattening?  It  is  evident  that  to 
determine  questions  like  these  from  mere  experience,  with  nothing  but  the  vague  con- 
dition of  well-being  as  a  test  of  success,  is  well-nigh  impossible.  Fof  further  know- 
ledge it  becomes  neoessary  to  leave  on  one  side  the  concrete  results  of  experience  either 
wi£  regard  to  man  or  animals,  and  to  turn  to  the  seardi  of  the  abstract  laws  govern- 
ing the  eonvenion  (in  the  animal  body)  of  ingesta  into  sffiMtna  and  egesta. 

GnuBBiLL  Laws  of  Nvtbition, 

Or,  the  laws  according  to  which  material  conbumed  as  food  ailbcts  the  composition, 
and  forces  of  the  animal  organism. 
The  older  views  on  this  matter  were  extremely  simple.    Dumas  (Esgai  de  Statique 

Chimique  des  Etres  oraanUes)  taught  that  all  the  alimentary  principles  might  be 
divided  into^  1.  AsstTnuable  proditcts,  via.  protein  substances  and  fottv  bodies  which 
served  by  direct  assimilation,  to  increase  or  renew  the  oxgans  of  the  Dody  previously 
wasted  during  the  exercise  of  vital  forces ;  and  2.  Combustible  products,  viz.  sagar  and 
fatty  bodies,  consumed  in  respiration  for  the  purpose  of  supplying  animal  heat  Liebig 
and  his  school  proved  that  nit  was  actually  created  in  the  animal  economy  probably 
out  of  the  carbo-hydrates  (Dumas  having  at  first  said,  **  L'animal  s'assimile  done  ou 
d^truit  des  mati^res  oxganiques  toutes  fiiites ;  il  n'en  cr^e  done  pas,''  but  afterwards 
supporting  Liebig's  view) ;  and  hence,  while  adopting  a  similar  division  of  food  into 
'*  plastic"  and  "respiiatozy  "  elements,  added  as  a  corollary  that  an  excess  of  ingested 
respiratory  material  not  wanted  for  immediate  use,  miffht  be  stored  up  in  the  boc^,  not 
as  fully  formed  tissue,  but  as  mechanically  infiltrated  fat  Since  then,  however,  the 
matter  has  been  the  subject  of  much  exact  inquiir;  and  the  results  obtained  will  be 
best  studied  by  considenziff  the  ftatics,  that  is,  all  that  relates  to  composition,  i^ait 
^m  the  dynamics  which  have  to  do  with  force. 

A  Statics, 

•  The  following  is  the  general  form  of  the  problems  to  be  dealt  with.  Given  the  eSect 
of  a  known  ration  of  f(x>d  on  the  total  weight  of  an  animal,  to  determine,  from  an  ele- 
mentary eomparison  between  the  ingesta  and  esesta,  how  that  effect  may  be  described 
in  terms  of  the  constituents  of  the  body.  For  this  purpose,  an  analysas,  proximate  and 
elementsry,  of  the  food  consumed  within  a  given  time  is  made ;  tiie  unne  and  fteces 
are  collected  and  analysed,  their  elementaiy  composition  beinff  directly  determined  if 
perfect  exactitude  is  required ;  the  excretion  by  lungs  and  skin  is  also  estimated  by 
means  of  a  "respiration-chamber,"  and  the  amount  of  oxygen  fixed  by  respumtion 
calculated  by  subtracting  the  initial  weight  of  the  animal  plus  its  food  from  tne  final 
weight  plus  all  the  egesta.  ^  With  what  great  certainty  such  a  comparison  may  be 
made  is  seen  from  the  following  table  of  the  observations  made  by  Pettenkofer  and 
Voit  on  a  dog,  who  with  a  duly  ration  of  1,600  gnns.  of  meat  was  neither  materially 
gaining  nor  lomng  flesh. 
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187*8 
152-45 
5100 
1089-25 
19*5 


Ingerta  ^  1500  grma.  Heat, 
gnns.    Carbon. 

Hydrogen 

Nitrogen 

Oxygen 

Salts 
Or^m  fixed 


I* 


II 


11 


» 


!  25-95  in  diT-Bobatmnoe. 
126-5    in 


!     77 -25  in  djy-aabatasea. 
1012*     in  water. 


Urea        .        •        •        . 

Other  nrinsry  conatitiienta 

Water  of  wine 

Dry  Fsoea        •        •        • 

Water  of  Fteees 

Carbonic  Add  of  Perapiration* 

Hanh  Gaa  of  Ferspinition 

Free  Hydrogen  of  Perspiration 

Water  of  Perspiration 

TMl  Ingetta 

Sun  of  Xngesta 
„    „EgestA 


Cttboo. 

21*6 
9-6 


-  477-2. 
in  gnna. 
Hydrogw.    Nttrogcn. 


4-9 


146-7 
1-2 

•    • 

184-0 
187-8 


7-2 
2-5 
102-5 
07 
8-2 

0-4 
1-4 

89-4 

157-3 
152-5 

1977*2 
2011 


5*4 


0-7 


511 
51- 


Oxygao 

28*8 
15-9 

820-3 

1-5 

26-3 

391-5 


815-4 

1599*7 
1666-4 


16-3 
8-4 


11 


19-7 
195 


Difference  ■•  84*6. 


And  e^en  tfaia  alight  difference  the  oboerreri  state  might  be  still  farther  reduced  by 
hypothetical  coirectiona,  lor  fiooea,  of  the  aninuU's  total  weight  In  all  experiments  of 
this  kind,  the  determination  of  the  real  weight  of  the  animal,  though  apparently  eas;^, 
is  in  reality  a  very  difficult  task,  inasmuch  as  the  total  body-weight  forming  the  basis 
of  the  ealculations  ought  to  be  that  of  the  body  free  from  neces,  and  in  most  cases  the 
animal  has  within  him  »t  the  time  of  the  initial  weighing  some  of  the  frocee  of  his 
previous  diet^  and  at  the  final  weighing  mora  or  less  of  the  frsces  formed  out  of  his 
experimental  rations.  In  the  observation  above  detailed  the  carbonic  acid,  water  of 
perspiration,  &e.,  &c,  were  directly  determined  by  means  of  a  complicated  apparatus. 
Other  inquiren  have  been  content  to  determine  the  carbonic  add  only,  and  that  from 
time  to  time  duiinc  the  experiment  ^Bidder  and  Schmidt),  leaving  the  water  of 
perspiration  for  cidcnlation,  and  neglecting  the  other  gaseous  excreta  altogether. 
Bischof  and  Voit  did  not  even  determine  the  carbonic  acid,  but  based  their  mlcula- 
tions  on  the  avera^  thrown  off  by  dogs  acoordinff  to  Bagnault  and  Beiset 

The  determination  of  the  nitrogen  of  the  <«esta  has  been  the  occasion  of  much  dispute. 
In  the  above  observation,  Pe  t  tenko  f  er  and  vo  it  merely  determined  by  Liebig's  method 
the  urea  of  the  urine,  and  oonaidered  the  nitrogen  therein  contained  as  the  only  nitrogen 
excreted.  Against  this  mode  of  procedure,  it  has  been  urged,  in  the  first  nlace,  £at 
the  urine  certainly  does  contain  small  <}uantities  of  other  nitroj;«nous  oodies,  to 
wit,  creatine,  creatinine,  &c.,  and  may  possibly  contain  them  in  considerable  quantities 
on  particular  occasions.  Voit  maintains  however  that  Liebigfs  method  ffives  a  result 
which  includes  these  bodies  when  they  are  present^  "  their  nitr^n-equivaknt  behaving 
towards  the  mercurial  solution  exactly  like  the  nitrogen-equivalent  of  urea."  ^  Other 
observers  have  determined  the  nric  acid  as  well  (Banke),  or  in  herbivora  the  hipporio 
acid  (Hen  neb  erg,  Gronven).  It  is  also  orged  that  a  certain  quantity,  a  snuul  one 
doubtless,  of  nitrogen  goes  off  in  the  process  of  desquamation  and  depuation.  This 
has  hoetk  approximatively  accounted  fat  by  some  observers  (Bidder  and  Schmidt, 
Orou  ven).  Lastly,  it  is  maintained  that  nitrogen  pBsses  off  by  ddn  and  lungs  in 
some  form  or  another  in  c<msiderable  quantity.  While  Be^nanlt  and  Beiset 
found  evidence  of  only  slight  exhalation  or  absorption  of  mtrogen  by  the  lunga^ 
Boussingault  (Mem.  de  Chimie  agricole,  ^),  in  experimenting  on  turtle-doves  and 
horse^  cow  only  reopver  from  urine  and  frsoes  about  two-thirds  of  the  total  quantity 
of  nitrogen  taken  in  aa  food.  Barrel,  experimmting  on  human  beingS)  came  to  a 
similar  oondnsion ;  and  other  observers  have  fiiiled  to  a  greater  or  lees  extent  in  re- 
covering from  urine  and  freoea  the  nitrogen  of  the  aliment.  Hore  recentlv  Beiset 
(Ann.  Ch.  Fhys.  1863)  found  evidence  of  considerable  volatile  excretion  of  nitrogen 
in  aheept  calves,  geeee  and  tnrk^-fowls,  and  to  a  small  extent  in  pigs.  To  these  jQacts 
may  be  added  the  experiments  of  Funk e  on  the  presence  in  the  {Mrspiration,  of  urea 
in  considerable  quantities.  On  the  other  hand,  Biader  and  Sch  mid  t  found  in  cats  the 
whole  of  the  nitrogen  reappearing  in  Tirine  and  fteoes,  except  in  cases  where  there  was 

*  By  akla  and  lungs. 
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reason  to  think  it  had  heen  retained  in  the  bodj.  Hanghton  (Dnblin  Quart.  Med. 
J.  1859)  beUeyes  that  the  same  thing  holds  good  with  men,  and  that  Barral  waa 
wrong  in  his  analysis  of  food.  So  alM  Bank  e,  who  moreoyer  found  both  that  a  pro- 
fuse sweat  had  no  effect  on  the  nitrogen  of  urine,  and  that  there  was  no  appreciable 
amount  of  nitrogen  to  be  discovered  in  the  sweat.  Henneberg  holds  apparently  that 
in  oxen  no  decided  amount  of  nitrogen  is  lost  by  lungs  or  skin  (except  as  hairs,  &c), 
and  G-rouven  found  by  direct  estimation,  the  amount  of  ammonia  given  off  1^  oxen 
to  be  exceedingly  small  {^  grm.  per  diem) ;  he  also  ascertained  that  the  difference 
between  the  nitroffen  of  food  and  that  of  urine  and  fseoes  was  reduced  to  a  reiy  small 
quantity  indeed  when  the  ox  was  fed  for  some  considerable  time  on  rations  whereby 
he  neither  gained  nor  lost  much  in  flesh.  Lastly,  V  o  i  t  (Ann.  Ch.  Pharm.  SuppL  ii.  1863) 
fed  a  pigeon  in  the  same  manner  as  Boussingault  for  a  considerable  time  on  fixed 
rations,  and  found  that  he  could  recover  out  of  urine- and  fisces  all  the  nitrogen  of  the 
food  with  the  exception  of  2*3  per  cent,  which  moreover  could  be  accounted  for  by 
considering  an  increase  which  took  place  in  the  animal's  weight  to  be  an  increase  in 
nitrogenous  material  Voit  calculated  that  if  only  0*11  pm.  nitrogen  had  been  given 
out  diulj  by  the  skin  and  Inngs^  in  addition  to  that  contained  in  urine  and  ftsces,  there 
would  have  been  none  left  in  the  animal's  body  at  the  md  of  the  experiment  I  Hence 
in  experiments  of  this  kind  the  practice  still  obtains  of  considering  the  nitrogen  of  Uie 
urea  (with  that  of  uric  and  hippnric  adds  when  present)  as  representing  the  whole 
nitrogen  of  the  egesta. 

Havinff  thus  determined  with  more  or  less  precision  the  amount  and  nature  of  the 
egesta,  tne  faces  must  be  placed  in  a  division  by  themselyes,  since  they  represent 
the  portion  of  food  which  is  not  digested,  not  absorbed  within  the  true  body,  which 
takes  no  share  in  the  actions  of  the  economy,  and  must  therefore  be  deducted  from 
the  total  of  food,  the  effect  of  which  is  bein(^  studied.  It  is  quite  true  that  the  ftaces 
contain,  besides  undigested  material,  a  certain  amount  of  stuff  which  has  been  poured 
into  the  intestine  after  having  fulfilled  its  ftmction  in  the  economy,  and  has  escaped 
resorption  during  its  transit  through  the  alimentary  canal ;  but  tiie  amount  which  has 
thus  undergone  oxidation  is  so  smcJl  that  it  is  eenerally  disregarded. 

The  next  thing  to  be  done  is  to  determine  iniat  inference  is  to  be  drawn  from  the 
presence  in  the  true  egesta  (from  kidney,  skin  and  lungs)  of  any  given  element  or 
compound.  What^  for  instance,  does  the  presence  of  nitrogen  (or  urea)  signify  ?  The 
nitrogen  arises  doubtless  from  some  metamorphosis  within  the  body  (metamorphosis 
being  used  as  meaning  chemical  change,  a  shifting  of  the  elements  from  <me  formuU 
into  another,  or  others).  We  ma^  go  so  for  as  to  sav  that  it  arises  from  the  metamor- 
phosis of  some  nitrogenous  matenaJ,  which  material  may  fiirther  be  declared  to  be  a 
protein  substance  (or  gelatin). 

But  there  are  in  &e  animal  organism  many  difibrent  proteinous  tissues,  and  at 
least  mora  than  one  gelatiniferous  substance  (holding  positions  of  variable  importance 
and  value),  each  of  which  might  by  metamorphosis  ^ve  rise  to  the  nitroffen  of  the  egMta. 
If  we  take  the  very  roughest  analysis  of  the  animal  body,  we  shafi  be  obli^^  to 
consider,  as  separate  couections  of  nitrogenous  material,  the  muscular  tissue,  the 
nervous  tissue,  the  connective  tissue  (including  the  bones),  the  glandular  tissue,  and 
blood,  each  containing  not  only  a  form  and  possibly  several  forms  of  nitrogenous 
material,  but  very  many  other  substances  as  weO.  And  it  is  evident  that  if  we  assume 
that  the  presence  of  a  given  quantity  of  nitrogen  in  the  urine  indicates  the  metamor- 
phosis oia  certain  quantity  of  any  particular  tissue  (that  metamorphosis  not  being  con- 
fined to  its  nitrogenous  material  alone,  but  embracing  also  at  least  all  its  constituents 
that  are  at  all  liable  to  decomposition'),  the  total  change  both  as  to  the  composition  and 
the  fSorces  of  the  body  which  we  are  taereby  enabled  to  predicate,  will  vary  considerably 
according  to  the  tissue  which  we  select,  whether  muscular,  nervous,  &c,  &c.  Such  a 
selection  is  naturally  a  problem  of  extreme  difficulty ;  indeed  it  has  hardly  yet  been 
attempted  except  in  reference  to  two  points.  In  the  first  place  there  is  evezy  reaaon 
to  beheve  that  the  amount  of  metamorphosis  naturally  occurring  in  connective  tissue  is 
exceedinffly  small  compared  with  that  going  on  in  the  other  nitr^enous  tissues.  Exact 
information  on  this  score  is  wanting,  out  the  starvation  experiments  have  shown  that 
the  bones  for  instance  suffer  scarcely  any  loss  during  a  long  abstinence  f^om  food. 
Hence  in  the  researches  we  are  dealing  with,  the  gelatiniferous  tissues  are  disregarded. 
In  the  next  place,  a  distinction  has  been  set  up  between  nitrogenous  material  which  has 
merely  been  digested  and  absorbed  into  the  blood,  and  nitrogenous  material  which  has 
undergone  the  nurther  process  of  being  converted  or  assimiliSed  into  actual  tissue  with 
distinct  anatomical  elements.  For  instance,  a  certain  quantity  of  albumin  having 
been  converted  by  the  stomach  into  the  peptones,  enters  the  circulation  and  forms  part 
of  the  nitro|^nous  material  of  the  blood ;  in  due  time  it  escapes  from  the  capillaries 
and  comes  into  dose  connection  with  some  tissue,  sav  musenUr  fibre,  of  which  it  is 
henceforth  a  component  part  (though  how  for  each  chemical  constituent  of  a  musde 
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haa  to  clo  with  its  histologicfd  featnree,  the  nuclei^  strue,  &&,  or  how  far  these  same 
features  share  in  the  geneial  metamoiphosis  of  the  fibre  is  micertain).  If  the  albamin 
is  metamoiphoeed  so  as  to  giye  rise  to  urea  while  it  is  still  within  the  blood,  the 
Tftmlt  to  the  QZganism  will  be  verj  different  from  what  wonld  oocnr  if  the  metamorphosis 
were  defened  until  the  albumin  had  become  part  and  parcel  of  the  muscular  fibre.  And 
the  same  applies  to  the  other  tissues.  Hence  we  may  speak  broadly  of  two  sources  of 
urea ;  one,  the  metamorphosis  of  digested  food  still  dwelling  in  the  blood-current^  and 
which,  for  the  sake  of  brevity,  we  may  call  the  metamorphosis  of  Blagtema  or  modified 
food ;  the  other,  the  metamorphosis  of  tissue  previously  formed  out  of  Blood,  and  which 
we  may  call  Ftesh^  although  we  embrace  under  that  title  not  muscular  tissue  only,  but 
eveiy  other  kind  oi  tissue  that  contains  nitroffenous  material  subject  to  constant  changeu 
According  to  Lieblg,  Biecho^  Yoit  and  others,  the  lastonly  is  the  true  expression 
of  the  process  of  the  economy.  Flesh  the  only  source  of  urea.  According  to  Bidder 
and  Schmidt  urea  may  arise  both  from  Blastema  and  from  Flesh. 

HaTing  thus  detennined  the  source  of  tbe  nitrogen,  the  analysis  of  the  egesta  may 
be  continued.  The  metamoiphosis  of  Flesh  or  Blastema  (or  both)  which  accounts  for 
the  nitrogen  will  also  account  for  a  certain  quantity  of  carbon,  hydrogen  and  oxygen. 
The  remaining  quaiflity  may  then  be  inferred  to  result  either  from  the  metamorphosis 
of  a  calculable  quantity  of  adipose  tissue  (or  Fat)  or  from  the  metamorphosis  of  the 
hydrocarbons  or  carbo-hydrates  of  Food  while  still  in  the  blood-current  (Blastema). 
A  comparison  of  the  ingesta  and  egesta  may  then  be  used  as  follows. 

An  excess  of  the  nitrogen  in  the  ingesta  over  that  in  the  egesta  will  be  regarded  as 
a  storing  up  of  nitrogenous  material  which  has  escaped  metamorphosis — as  a  min  either 
of  Flesh  or,  if  it  is  possible  to  heap  up  such  matters  in  the  blood-current,  of  Blastema. 
An  excess  of  nitrogen  in  the  egesta  over  that  in  the  ingesta  will  signify  a  metamorphosis 
or  consum|)tion  of  Flesh  oyer  and  above  the  metamorphosis  of  nitrogenous  material 
contained  m  the  food  (or  its  equivalent  in  flesh),  and  dierefore  may  ht  regarded  as  a 
loss  of  flesh.  Suppodi^  there  to  have  been  during  the  period  of  experimentation  a  total 
sain  at  ^  and  a  gain  of  flesh  s  a;  t  —  a  will  then  remain  as  the  expression  of  the  gain  in 
nt,  water,  or  both  a  6  -f  c.  The  excess  of  carbon  in  the  egesta  over  that  in  the 
ingesta  minus  the  elements  required  for  the  gain  in  Flesh,  may  then  be  used  for 
calculating  the  gain  in  Fat  «•  h.  The  retain^  water  may  then  be  calculated  from 
the  equation  <  —  a  —  6  a  o,  and  ought  also  to  be  represented  (if  a  complete  analysis 
of  \)0&k  ingesta  and  egesta  has  been  made)  by  the  amount  of  oxygen  and  hydrogen 
remaining  in  the  excees  of  egesta  after  the  subtraction  of  the  elements  required  for  the 
gain  of  Flesh  and  Fat.  When  there  is  a  total  loss,  or  special  loss  of  any  of  these  three 
diief  constituents^  tlie  sign  in  the  equations  must  be  altered  accordingly.  As  was 
stated  above,  B  i  s  c  h  o  f  and  Yoit  made  no  complete  analysis  of  the  egesta,  but  contented 
themselves  with  determining  the  nitrogen  as  urea  and  circulating  out  the  carbon  of  the 
egesta,  as  an  index  for  gain  or  loss  in  lit,  from  previously  detennined  averaffes  of  the 
carbonic  acid  exhaled  and  units  of  heat  thrown  off  by  the  doe.  It  is  evident  that 
such  calculations  leave  margins  for  very  considerable  errors,  and  a  comparison  between 
the  theoretical  results  of  Bischof  and  Yoit^  and  the  actually  observed  results  of 
Pettenkofer  and  Yoit  with  the  tame  doff  shows  how  important  such  errors  may  be. 

The  opinion  that  the  nitrogen  of  the  egesta  when  fbod  is  taken  arises  from  the 
metamorphosis  of  both  flesh  and  blood  is  upheld  by  Bidder  and  Schmidt.  Tbet^e 
observers  determined  the  excreta  in  a  cat  for  a  period  of  eighteen  days,  dorioe  which 
no  food  at  all  was  taken,  and  the  whole  nitrogenous  metamorphosis  referred  therefore 
to  flesh  alone.  The  following  table  gives,  redaced  for  each  24  hours  to  1  kilogrm.  of 
the  weight  on  that  day,  the  excretion  of  urea  and  carbonic  acid,  and  also  the  amount 
of  fat  and  dry  nitrogenous  protein  material  (not  flesh)  calculated  to  have  undergone 
metamoiphosis: 


hiy. 

Urea. 

Carbonic  add. 

Protein. 

Fat. 

Daj. 

Uraa. 

Carbonic  acid. 

Protein. 

Fat. 

1 

3-437 

20*68 

9-94 

1-76 

10 

1-907 

22-46 

5-78 

4-66 

2 

2-298 

20-61 

M8 

8-30 

11 

1-723 

22-09 

6-34 

4-84 

3 

1-887 

21-67 

6-86 

4-34 

12 

1-648 

2313 

5-12 

6-34 

4 

1-732 

20-74 

6-37 

4-33 

13 

2-166 

23-61 

6-71 

4-56 

6 

2-227 

20-61 

6-90 

3-41 

14 

2224 

23-56 

6-90 

4-43 

6 

2183 

20-94 

6-61 

8-67 

15 

2052 

23-96 

6-86 

4-87 

7 

1-968 

20*69 

610 

3-86 

16 

2164 

23-28 

6-68 

4-44 

8 

2-091 

20-79 

6-51 

8-72 

17 

1-216 

21-46* 

3-77 

6-42 

9 

2-263 

21-89 

7-02 

3-89 

18 

0-597 

17-57 

1-86 

6-15 

It  will  be  observed  that  if  the  two  first  and  two  last  days  be  omitted  (and  the  influence 
of  previous  food  on  the  one  hand  and  of  dying  on  the  other  b«  thus  eliminated)  the 
amount  of  urea  and  of  carbonic  acid  excreted,  and  of  protein  and  fat  metamorphosed  per 
kilogramme  per  diem  is  remarkably  constant.    The  total  anantity  of  nitro|;en  excreted 
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during  the  ▼hole  period,  30*807  grnu.  bespoke  204*43  grms.  protein  material  (calculated  aa 
dry  moBcle  free  from  hl\  containing  102*24  grma.  carbon,  which  deducted  from  the 
total  amonnt  of  carbon  excreted,  viz.  206*96  |frma.,  gaTe  103*72  grma.  carbon,  an  eqiuTa- 
lent  for  132*76  grms.  pore  fat  (not  adipose  tissne).  The  total  loss  in  weight  was  1264*8 
grms.,  which  iMvee  927*62  gnns.  for  the  loss  in  water  and  salts.  An  analysis  of  the 
dead  body,  compared  with  an  analyua  of  another  cat  yuy  doseij  resembling  what  the 
dead  one  was  at  the  commencement  of  the  experiment,  gaTe  a  probible  loss  of  1020 
grms.  water,  and  306  grms.  diy  material  of  which  about  130  grms.  was  fst,  and  thus 
afforded  a  fair  corroboration  of  the  theoretical  dedaetiona.  On  ibeding  a  cat,  howerer, 
on  such  a  quantity  of  flesh  that  for  nine  days  it  neither  gained  nor  lost  weight  to  ai^ 
great  extent*  they  firand  the  daily  excretion  per  kilogramme  per  diem  to  be 

Urea    ....     2*968  Carbonic  acid     .  .    20*822; 

when  it  was  forced  to  eat  as  much  as  possible,  the  excretion  per  kilogramme  per  diem 
was 

Urea    .  .6*162  Carbonic  add  •    84*877. 

Another  cat  left  to  feed  ad  libitum  gave  per  kilogramme  per  diem 

Urea    ....    7*663  Carbonic  acid     .        .        .    84*164. 

Bidder  and  Schmidt  drew  from  their  results  the  condnsion  that  the  total  metamor- 
phosis of  any  given  animal  is  dependent  on  two  dreumstances,  or  is  a  Auction  of  two 
mctors,  one  constant,  the  other  yariable.  The  constant  is  the  typical  metamorphosis 
exhibited  during  hunger,  shown  so  dearly  for  the  cat  in  their  starvation-expenmeot, 
a  metamorphosis  rendered  necessair  for  the  production  of  heat  and  the  otner  rital 
forces,  the  amount  being  determined  by  the  spedes,  age,  bulk,  is6^  of  the  animal  The 
Tariable  is  the  food  Uken  lor  the  time  bein^.  When  tJie  lood  taken  is  only 
suJBSdent  to  cover  the  waste  caused  by  the  typical  constant  metamorphosis^  all  the 
excreta  may  be  infened  to  have  arisen  from  the  metamorphosis  of  flesh.  When, 
however,  a  surplus  of  food  is  taken,  then  part  of  the  excreta  is  due  to  metamorpho- 
sis of  blastema.  Thas  when  a  surplus  of  meat  was  consumed  by  the  cat^  a  certain 
portion  entered  in  a  state  of  flesh,  replacing  a  certain  quantity  whose  nitrogen  appeared 
m  the  egesta  under  the  form  of  urea  as  the  representative  of  the  "constant  meta- 
morphosis ;  the  rest  was  split  up  in  the  blood  mto  a  nitrogenous  and  a  hydrocar- 
bonons  portion.  The  nitrogenous  portion  was  at  once  thrown  off  as  urea*  A  certain 
amount  of  the  bydrocarbonous  portion  then  dther  entered  the  body  as  fat  in  order  to 
supply  the  waste  caused  by  the  "  constant  metamorphosis  "  necessary  to  produce  the 
typical  amount  of  carbonic  add,  or  what  amounts  to  the  same  thin^  was  metamor- 
phosed at  once  in  the  blood  in  order  to  produtis  that  amount  of  carbonic  add,  and  so 
saved  the  hi  of  the  body  from  consumption.  If,  after  the  performance  of  this  duty, 
any  of  the  hvdrocarbonoos  portion  still  remained,  it  too  was  metamorphosed  or  oxidised 
within  the  blood,  limitation  being  made  for  the  quantity  of  oxygen  present  The 
quantity  of  nitrogenous  material  thus  metamorphosed  directly  in  the  blood  and  thrown 
off  as  urea,  was  designated  by  Bidder  and  Schmidt  the  "  Luxus-consumption."  It  is 
naturally  very  high  with  a  diet  of  pure  flesh,  a  large  amount  of  albumin  requiring 
to  be  split  up  in  order  to  supply  Uie  neoessaiy  quantity  of  carbonic  add.  It  is 
reduced  by  the  addition  of  hydrocarbons  or  carbo^ydjEates  to  the  ibod,  and  hence  is 
more  marked  in  camivora  than  in  herbivora. 

This  view  of  Bidder  and  Schmidt's  is  moreover  supported  b^  the  fact>  agreed  to  by 
nearly  all  observers,  that  the  amount  of  urea  in  the  urine  increases  very  consider- 
ably within  a  few  hours  after  taking  food.  It  is  thought  highly  improbable  that  in  so 
short  a  space  of  time  the  food  should  have  actually  been  transformed  into  tissue. 
According  to  Dr.  E.  Sm  i  th,  however,  this  post-dbum  rise  of  urea  is  not  so  marked  as 
other  observers  have  taught,  espedally  when  the  hoorly  variations  in  the  quantity  of 
urea  which  occur  during  hunger  are  taken  into  consideration.  Besides  which  it  must 
be  remembered  that  we  do  not  at  all  know  either  how  rapid  the  changes  in  living  flesh 
may  be,  or,  as  was  observed  above,  how  far  the  anatomical  elements,  the  formed  solid 
portions  of  the  tissues,  for  in  them  lies  the  difficulty,  take  part  in  those  changes. 

Another  argument  for  the  luxus-consumption  is  drawn  from  the  experiments  of  Dr. 
Hammond,  who  found,  with  a  purely  albuminous  diet>  great  increase  of  urea  with 
great  loss  of  strength.  But  to  this  it  may  be  answered  that  the  exact  relation  between 
nitroffenous  metamorphods  and  the  production  of  vital  force  is  not  yet  friUy  established ; 
that  It  is  quite  possible  that  excessive  metamorphosis  of  even  muscular  tissue  should 
take  place,  and  yet  the  force  so  liberated  not  take  the  form  of  mnscular  power ;  and 
moreover,  that  urea  need  not  necessarily  be  assumed  to  arise  from  muscular  tissue  alone, 
but  mieht  be  supplied  from  all  the  formed  tissues  which  we  have  dassed  together 
under  the  head  of  flesh.  The  phenomena  of  the  disease  called  Diabetes,  again,  offer 
several  important  lessons  on  tnis  point  Thus  Binger  (Med.  Chir.  Trans,  xliii.) 
having  observed  in  that  malady,  during  hunger  aa  well  aa  after  a  non-amylaceous  mea^ 
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a  oonsUnt  ntio  between  the  amoimt  of  sugar  and  of  urea  present  in  the  urine^  natoraUy 
infers  the  existence  of  a  eommon  source  for  both ;  and  finding  reasons  for  belieTing 
that  the  sngar,  at  least  in  some  fozras  of  diabetes,  comes,  not  from  the  tissues  generally, 
but  from  the  liyer  in  particnlar,  argues  that  the  urea  comes  from  the  same  organ  too, 
both  perhaps  arising  from  a  splitting  up  of  protein  substance.  Haughton  also  sup- 
ports the  same  view.  But  the  theoiy  of  a  luxus-consumption  requires  that  the  urea 
should  not  come  from  a  metaihorphosis  of  the  liver,  but  of  the  blood,  or  rather  of  the 
blastema,  as  it  passes  through  the  liver.  And  these  two  things  have  not  been  held 
snffidentlj  distmct.  The  baids  of  Bidder  and  Sehmidt^s  views  was  the  constant  ratio 
of  urea  to  body-woght  which  was  maintained  during  the  whole  of  the  starvation- 
experiments  The  truthfulness  of  the  result  has,  however,  been  impugned  by  the  obser* 
vations  of  B  ischof  acd  Y oi  t.  They  submitted  a  dog  to  a  hunger-experiment  on  five 
different  occasions : — 1.  After  a  veiy  rich  meat  diet — 2.  After  a  meat-diet  decreasiuff 
gradually  in  amount^  the  last  day's  diet  being  178  grms.  meat.— 3.  After  a  very  zi^ 
diet  of  1,800  grms.  meat  and  250  grms.  fat  daily  Ibr  7  days. — i.  After  several  days  of  a 
diet  of  176  grms.  meat  and  from  50-250  fat  daily. — 5.  After  being  frd  for  several  days 
with  meat  decreasing  from  700  grms.  to  160  grms.  daily,  and  a  varuible  quantity  of  fiit» 
and  for  the  last  two  days  on  al^ut  350  grms.  fot  only.  The  following  table  shows  the 
amount  of  urea  excreted  per  kilogramme  per  diem,  for  each  day.  The  duration  of  each 
experiment  varied  considerably. 

No.  1.  NO.S.  Ko.8.  No.  4.  Now  6. 

First  dav      •        •        '    *72  gnu.     *52  grm.     ^92  grm.    '34  grm.    '14  grm. 
Second  day   .        .        .       ~ 
Third  day     . 
Fourth  day   • 
Fifth  day      . 
Sixth  day     .        .        . 
Seventh  day . 

The  excretion  of  urea  per  kilogramme  per  diem  for  the  last  two  days  of  the  diet  in 
each  ease  was— 

Last  day  but  one  .        .  8*94  grms.  'Si  grm.    8-18  grms.  *74  grm.    *36  grm. 
Last  day       .        .        .  8-99     „       '78    „       8-22    „        '66    „        -36    „ 

From  these  figures  it  is  dear  that  there  was  in  the  case  of  this  dog  no  constant 
ratio  of  urea  to  body-weight  at  alL  It  is  true  that  in  none  of  the  experiments  was 
the  period  of  inanition  bo  prolonged  as  in  Bidder  and  Schmidt's  experiment,  and 
therefore  the  possible  effect  of  food  stUl  contained  in  the  body  not  so  thoroughly 
eliminated.  But  in  the  cat  the  constant  ratio  was  reached  on  the  second  or  at  furthest 
the  third  day,  and  in  the  dog  the  amount  of  urea  passed  during  the  two  days  preceding 
inanition,  shows  that  in  no  case  could  the  urea  of  the  second  or  even  first  day  of 
hun^r  be  supposed  to  have  arisen  to  any  great  extent,  directly  from  the  food  of  the 
previous  days.  Bidder  and  Schmidt  believed  the  typical  amount  of  urea  j^assed  during 
starvation,  bespeaking  the  typiod  amount  of  nitrogeneous  tissue  undergoing  metamor- 
phoflia,  to  be  detersiined  by  the  typical  amount  of  vital  force  necessary  for  the  susten- 
ance of  life.  The  immense  difference  between  *92  and  '14  occuinnff  in  the  same 
animal  with  surrounding  circumstances  nearly  the  same,  and  therefore  most  pro- 
bably with  the  same  demand  for  the  exercise  of  the  forces  of  life,  shows  voir  clearly 
that  the  amount  of  metamorphosis  ought  not  be  considered  as  depending  solely  on  the 
call  for  the  manifestation  of  vital  energy.  But  if  so,  the  idea  of  the  typical  amount  of 
urea  must  be  thrown  on  one  side,  and  consequently  the  theorjr  of  the  luxus-consumption 
deprived  of  its  base.  On  the  other  hand,  if  we  refieot  that  in  series  Nos.  1  and  3  the 
dog  had  lived  for  some  time  on  a  diet  afterwards  determined  to  be  very  effectual 
towards  the  storing  up  of  nitrogenous  material,  in  No.  2  on  a  diet  less  effectual  for  that 
purpose,  in  Koa.  4  and  5  on  one  still  less  so,  and  that  therefore  the  amount  of  nitrogen- 
ous material  or  flesh  in  the  body  of  the  animal  at  the  commencement  of  each  hunger 
experiment  might  be  placed  in  a  lessening  series  in  the  order  No.  3,  No.  1,  No.  2,  No.  4, 
No.  5, — the  results  obtained  by  Bischof  and  Yoit  might  fairly  be  interpreted  as  meaning 
that  the  amount  of  urea  excreted  per  diem  depends  directly  on  the  amount  of  nitrogen- 
ous maternal  stored  up  in  the  animal  as  flesh.  The  contradiction  between  the  two  sets  of 
observations,  between  the  facts  of  Bidder  and  Schmidt's  cat,  and  those  of  Bischof  and 
Yoit^s  dog,  requires  explanation ;  but  unless  there  are  serious  errors  in  the  actual  deter- 
minations of  Uie  latter,  it  is  difficult  to  escape  from  the  oondusion  that  all  the  nitro- 
genous material  taken  in  as  food  does  become  part  and  parcel  of  the  body,  is  really 
assimilated  into  flesh  (using  that  word  in  the  general  sense  defined  above,  and  not 
limiting  it,  as  Bischof  and  Yoit  appear  to  do,  to  muscular  tissue)  before  it  undergoes 
metamorphosis  into  urea,  and  that  one  of  the  principal  laws  of  nutrition  is  that  the 
amount  of  metamorphosis  of  fiesh,  taking  place  in  the  body  at  a  fdvan  time,  depends 
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direcdy  upon,  in  other  words  is  a  fdnction  of,  the  amount  of  flesh  therein  presents  The 
xalidity  of  this  conclusion  is  assumed  in  all  Bischof  and  Yoit's  subsequent  investiga- 
tioDS,  and  thus  fonns  the  basis  of  their  other  results,  which  are  as  follows.  It  will 
be  remembered  that  these  observers  hare  left  room  for  errors  by  not  determining 
directly  the  carbon  of  the  egesta.  Their  practice  of  always  reckoning  the  nitro^nous 
material  of  the  body  as  wet  muscle  only  leads  also  in  all  probabiBty  to  additional 
inaccuracies,  and  throughout  t^e  whole  of  their  researches  an  element  of  uncertainty 
is  introduced  through  variations  in  the  nutritive  power  of  the  animal,  both  as  regards 
character  and  amount,  caused  by  the  diet  itself^  and  well  seen  when  a  change  is  made 
from  one  kind  of  food  to  another.  Thus  with  the  same  rations,  viz.  1,800  grms.  meat, 
the  dog  on  one  occasion,  after  living  for  the  previous  forty  days  on  bread,  gained  in 
bodily  weight  at  the  rate  of  less  than  1  gpnn.  per  kiL  per  diem ;  at  another  tmie^  after 
three  days'  hunger  following  an  insufficient  meat  diet,  he  gained  at  the  rate  of  over  2 
grms.  per  kiL  per  diem ;  on  a  third  occasion,  after  a  long  suspension  of  the  experi- 
ment, during  which  he  lived  after  the  manner  of  dogs  in  genenil,  he  lost  at  the  rate 
'06  erm.  per  kiL  per  diem. 

The  first  series  of  experiments  were  made  with  a  diet  of  meat  abne.  The  first  and 
chief  effect  of  meat  taken  as  food,  was  a  rise  in  the  amount  of  urea,  that  is  to  say  an 
increase  in  the  metamorphosis  of  flesh.  Supposing  that  at  the  time  of  giving  the  food, 
the  dog  was  already  iU-fed  and  losing  in  bodily  weight,  the  effect  of  a  sms&  ouantity 
of  meat  was  such  an  increase  in  the  metamorphosis,  that  the  animal  stored  noUiing  up 
but  continued  to  lose  in  weight.  An  increase  of  the  meat  ration  similarly  increased 
the  metamorphosis  and  similarly  permitted  the  loss  in  weight.  A  fbrther  incresse 
acted  in  the  same  way.  But  this  was  observed,  that  with  a  succession  of  eoual  incre- 
ments of  food,  the  increments  of  metamoiphosis  successively  diminished.  Hence,  by 
oontinuinff  the  increase  of  food,  a  limit  was  at  last  reached,  at  which  the  increase  of 
metamorohosis  ceased.  The  animal  might  then  be  said  to  be  in  a  condition  of  equili- 
brium, the  ingesta  and  esesta  balancing  each  other.  Such  a  state  of  things  was 
established  in  Bischof  and  Yoit's  dog  only  when  the  amount  of  meat  consumed  as 
food  was  equal  to  about  ^  ^  A*  ^^  ^®  ^^  weight  of  the  animaL  Beyond  that  point 
an  increase  of  food  was  stored  up  as  increase  of  bodily  weight  But  in  a  veiy 
short  time  after  such  a  gain  in  weight,  the  totality  of  the  processes  of  the  economy 
accommodated  themselves  to  the  new  state  of  things,  to  the  increased  mass,  and  thereby 
gave  rise  to  an  increase  of  metamorphosis.  To  supply  this  increase  of  metamorphosis 
a  further  increase  of  food  was  required,  and  so  anotKer  equilibrium  was  established  on 
a  higher  platform,  so  to  speak,  of  waste.  On  still  further  addition,  the  same  process 
was  gone  through  again,  until  the  animal  refused  to  eat  the  required  quantity  of  food. 
Loss  of  weight  of  course  then  occurred,  with  a  reduction  of  the  equilibrium  to  a  lower 
leveL 

The  cause  of  the  successive  diminution  in  the  increments  of  metamorphosis  caused 
by  successiye  augments  of  the  food,  is  to  be  sought  for  in  the  approximatively  ooqstant 
quantity  of  oxysen  present  in  the  blood  for  the  purposes  of  oxidation.  We  have 
therefore  three  things  to  notice.  First  an  amount  of  metamorphosis  proper  to  the  flesh* 
Secondly,  an  increase  in  metamorphosis  due  to  the  presence  of  food.  Thirdly,  a 
government  of  the  metamorphosis  by  the  oxygen  of  the  system.  In  other  words,  the 
metamorphosis  is  a  function  of  three  fsictors— one,  a  constant  (or  approximatively  such), 
the  other  two,  Tsriables — viz.  Oxygen,  Flesh,  and  Food,  or  as  Bisdiof  calls  it.  Plasma, 
Blastema.  The  next  series  of  experiments  was  conducted  with  meat  and&t,  and  with  fat 
alone.  It  was  found  that  the  addition  of  ikt  to  a  meat  diet  a£fected  the  body  in  two 
different  ways.  On  the  one  hand,  fat  not  only  did  not  prevent  by  its  presence  that 
increase  of  metamorphosis  which  had  previously  been  observed  to  follow  upon  an 
increase  in  the  quantity  of  meat  consumed,  but  was  itself  a  cause  of  increase,  inas- 
much as  it  added  to  the  mass  and  internal  labour  of  the  economy.  On  the  other  hand, 
apparently  from  its  greater  readiness  for  oxidation,  it  preoccupied  the  oxygen  of  the 
system,  and  so  sheltered  the  flesh  ftom  oxidation  and  metamorphosis.  Hence  the 
sdditioD  of  fat  to  meat  as  food  lowered  the  platform  at  which  metamorphosis  was 
arrested  for  want  of  oxygen  and  an  equilibrium  established.  One  third  or  one  fourth 
only  of  a  quantity  of  meat  required  for  an  equilibrium,  when  meat  alone  was  given, 
was  needed  when  fat  was  added  to  it. 

Sugar  and  starch  were  found  to  act  very  much  in  the  same  way  as  fiity  except  that, 
apparently  by  reason  of  the  greater  fiicility  for  oxidation  possessed  by  sugar,  equili- 
brium was  established  with  even  a  less  expenditure  of  meat  than  was  the  case  with 
fat.  A  similar  conclusion  may  be  drawn  ftom  the  results  of  the  system  of  Mr.  Banting. 
The  experiments  of  Hen  neb  erff  and  Stohmann  on  oxen,  conducted  in  a  very  similar 
manner  to  those  of  Bischof  and  Voit^  the  carbon  of  the  egesta  being  calculated,  not 
directly  determined,  are  interesting  as  showing  that  the  herbivora  are  sulject  to  the 
same  laws  of  nutrition  as  the  carnivonL  These  observers  found  that  in  the  ox  the 
metamorphosis  was  a  function  of  the  flesh ;  that  it  was  increased  with  an  increase  ol 
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proteiii-Biibitaiice  in  the  food,  the  increment  of  the  motamorphosiB  snccessiTely  diminiBh- 
ing,  howeiTer,  with  soGoeisiTe  increase  of  protein  food,  so  that  at  laet  an  cqailibrium  was 
Mtablished ;  that  the  addition  of  non-nitrogenoms  material  to  the  food  lowered  in  pro- 
portion to  its  amonnt  the  Quantity  of  protein-snbetance  necessaiy  fbr  the  establish- 
ment of  that  eqnilibrinm  or  for  the  storing  np  of  bodily  weight  As  might  be  expected, 
the  amonnt  of  protein-snbstance  neoessaiy  for  an  eqnilthrinm  under  anj  drcnmstances 
was  &r  less  than  that  required  by  the  dog. 

Man,  standing  so  to  speak  between  camiTora  and  herbivora,  has  been  studied  by 
Ranke  with  Tery  simikr  resalts  (Banke  in  many  of  his  experiments  directly  deter- 
mined the  carbon  of  egesta  in  Pettenkofer's  apparatus).  He  also  found  that  the  meta- 
monhosis  was  a  function  of  the  flesh  of  the  body,  that  it  was  also  a  ftmction  of  the  food 
or  Blastema,  bang  largely  increased  by  a  meat-diet.  Contrary,  however,  to  the 
experience  touching  the  dog,  he  was  unable  to  reach  an  equilibrium  when  feeding  on 
meat  alone.  While  eating  the  largest  amount  of  meat  possible,  vis.  1,800  grms.,  he 
still  lost  weiffht^  He  moreover  found  that  the  addition  of  fat  or  starch  to  food,  rendered 
eaar  the  est<H>li8hment  of  an  equilibrium.  The  concordance  of  the  results  of  these 
diflvrent  obseryers  speaks  stronjg^y  for  the  probable  correctness  and  worth  of  these 
^  laws  of  nutrition." 

Li  the  above  statement,  metamorphosis  senerally,  and  metamorphosis  of  flesh,  have 
been  used  indiscriminately  on  the  ground  uiat  the  latter  is  really  the  chidf,  central  and 
determining  part  of  the  whole.  It  remains  to  determine  how,  when  equilibrium  has 
been  estabhsned,  and  a  storing  up  commenced,  the  elements  of  flesh,  fat  and  water  ar«) 
distributed  in  the  increase ;  similariy  also  how  they  are  related  to  each  other  in  a 
deocase  when  that  occurs.  The  conclusions  azriyed  at  when  the  carbon  wis  calculated, 
instead  of  being  obeenred,  must  of  course  be  received  with  caution. 

According  to  Bischof  and  Voit,  when  an  animal  is  ill-fed  with  meat^  he  loses  not 
only  flesh  haX  alao  &t  horn,  his  body.  With  an  increasing  diet  of  meat,  and  accom- 
panying increase  of  metamotphoeis,  tbe  loss  of  faX,  lessens,  and  Anally  ceases  with  the 
establiriiment  of  equilibrium.  Fettenkofer  and  Voit  have  moreover  shown  that 
with  a  rich  meat-diet^  when  there  is  a  balance  between  the  nitrogen  of  egesta  and 
ingesta,  there  is  most  probably,  judging  from  the  retention  of  carbon,  a  very  conside- 
ruble  storing  wa  of  flit.  The  same  result  was  also  arrived  at  by  Bidder  and  Schmidt. 
It  is  only  intelugible  on  the  hypothesis  that  the  metamorphosis  of  flesh,  like  Bidder 
and  Sahmidt's  metamorphosis  of  blastema^  ccmsists  in  the  splitting  up  of  protein 
into  a  nitrogenous  and  a  hydrocarbonous  portion.  Banke,  on  the  contrary,  found  that 
with  the  lai^est  meat-diet  possibhs  he  still  consumed  fat  while  he  stored  up  flesh,  with 
a  total  result  of  loss  in  weight  owing  probably  to  a  giving  off  of  water.  The  addition 
of  flit  to  fbod  naturally  lessened  the  consumption  of  the  ikt  of  the  body,  and  if  in  sufficient 
quantity,  arrested  it  or  even  led  to  a  storing  up  of  &t.  It  was  also  found  that  when, 
with  a  given  quantity  of  fat,  the  amount  of  meat-food  was  pushed  beyond  what  was 
necessary  for  an  equilibrium,  and  the  flesh  of  the  body  consequently  increased,  with  a 
proportionate  increase  of  metamorphosis,  such  an  excess  of  nitrogenous  material  undeiN 
going  metamorphosis  was  at  last  azrivfd  at,  that  it  preoccupied  tbe  oxygen  of  tiie 
system  to  the  evdusion  of  the  ikt  The  fat  of  the  body  was  retained  and  that  of  the  food 
stored  up  in  presence  of  a  large  unnecessary  nitrogenous  metamorphosis.  The  same  result 
was  also  obtuned  by  Henneberg,  and  illustrates  the  uselessnees  of  attempting  to  in- 
crease the  casein  of  milk  by  giving  protein-food  beyond  a  certain  limit  Bischof  and 
Voit  found  sugar  and  stardb  alM  to  spare  the  consumption  of  fat,  but  the  dog  was 
found  unable  to  digest  such  a  quantity  of  sugar  as  might  be  supposed  sufficient  to  cover 
the  total  waste  in  mt  and  lead  to  a  storing  up  of  it.  Henneberg  however  found  that 
this  was  extremely  easy  in  the  ox,  a  fact  which  has  been  largely  shown  by  the 
researblies  of  Lawes  and  Gilbert'  These  last  observers  indeed  found  the  storing  up 
of  fht  to  fiinn  so  large  a  share  of  the  total  result  of  the  general  feeding  of  animals  fbr 
the  butcher,  that  they  were  led  to  consider  butcher's  meat  in  its  totality  not  as  nitro- 
genous but  as  hydronrbonous  food.  Their  results  have  a  peculiar  value  inasmuch  as 
they  were  obtained,  not  by  calculating  back  firom  the  excreta,  but  by  the  actual  analysia 
of  several  typical  specimens,  and  1^  numerous  determinations  of  weight  serving  as 
data  for  comparisons.  The  effect  of  ordinary  fattening  fbod  upon  the  flesh,  flit 
and  water  of  the  bodies  of  oxen,  sheep  and  pigs  is  illustrated  by  the  following  table : 

Calculated  ctrmpotition  of  100  increaw  whilst  fattening. 

Mineral    Dry  nltroirenottt 
matter.       compounda. 

Average  for  98  oxen       •  .  .1*47  7'69 

Average  for  348  sheep    .  .  .     2*34*  7*13 

Average  for  80  pigs         .  .     O'Ofl  6*44 

A  flit  pig  actually  analysed  .  '53  7*76 

*  Too  high  owing  to  foreign  natters  lo  wool. 


Fat 

ToUl  dry 

m  mm^ 

Bubttance. 

66*2 

76-4 

70*4 

79-9 

71-5 

780 

631 

71*4 
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The  TClation  between  the  amount  of  metamor(^08i8i|  ind  conseqnentlj  of  the  rtoring  nm 
or  increBM,  and  the  yarioiu  elements  of  the  food,  was  thus  found  to  be  as  foUowa.  WitA 
sheep,  the  amount  of  diy  nitrogenous  material  stored  up  in  the  body  for  erety  100  ^ts. 
of  the  same  consumed  as  food  was,  on  the  average,  4*41 ;  of  non-nitrogenous  material, 
that  is  fat,  stored  up  for  eyery  100  pts.  of  non -nitrogenous  substance  consumed  as  food, 
the  quantity  was  9*4,  the  remainder  in  each  case  beinc  either  not  digested,  or  loet  in 
metamorphosis.  With  pigs  the  numbers  were  7 '84  and  21-2  respectirely,  the  laigeness 
of  the  numbers  being  due  in  part  at  least  to  the  pigs'  food  being  more  digestible.  The 
same  facts  may  be  placed  in  another  lig^t.  Thus  with  sheep,  for  ereiy  100  pts.  of 
the  total  dry  matter  of  food  (mostly  ml  cake  and  clover)  there  were  stored  up  '72  of  diy 
nitrogenous  material,  7*13  of  fat,  and  *02  of  mineral  matter,  91*04  being  lost  in  dige^ 
tion  or  in  metamorphoids.  With  pigs,  feeding  on  bran,  beans  and  meal,  the  numbers 
were  1*44,  16*81,  '02,  82*78  respeetiyely.  It  is  worthy  of  notice  that  these  independent 
observations  may  be  interpreted  as  agreeing  very  closely  with  the  geneml  results 
described  above,  namely  that  inereaae  of  nitrogen  means  increase  of  metamorphosis, 
and  that  an  amount  of  nitrogen  in  fattening  food  beyond  a  certain  limit  doea  not 
end  in  storing  up  of  flesh,  but  in  an  augmentation  of  nitrogenous  metamorphosis  with 
lessened  waste  of  &t  That  fat  was  ac^oally  formed  in  the  body  is  dearly  shown  by 
the  foct^  that  for  100  pta.  of  fkt  as  such  consumed  in  food,  from  405-472  pts.  of  fat 
Vere  stored  up  as  increase.  No  marked  difference  was  observable  between  sugar  and 
starch  as  &t4toriiig  constituents  of  food. 

Bischof  and  Voit^  experimenting  with  gelatin,  found  that  a  large  addition  of  that 
substance  to  a  meat-diet  led  to  a  storing  up  of  flesh  but  a  waste  of  £at,  when  the 
quantity  of  meat  consumed  with  the  gelsdn  was  such  that  either  with  it  alone  or  with 
fat  besides  there  was  no  storing  up  of  flesh.  It  was  hence  inferred  that  gelatin  really 
does  to  a  certain  extent  take  pare  in  the  metamorphosis  at  flesh,  and  does  not  simply 
shelter  the  flesh  by  preoccupying  the  oxygen  after  the  manner  of  ftA.  So  large  an  amount 
of  gelatin,  however,  was  necessary  fbr  uiis  purpose  as  to  explain  why  animals  fed  on 
gelatin  alone  could  not  thrive. 

Our  knowledge  of  the  history  of  each  alimentaiy  principle,  as  it  passes  through  and 
among  the  metamorphoses  sket/^hed  above,  is  necessarily  very  imperfect,  and  will  be 
more  fitly  put  in  the  way  of  question  than  of  statement.  \^at,  for  instance,  is  the  history 
of  sugar  ?  Is  it  absorbed  into  the  blood  and  at  once,  if  required,  oxidised?  If  the 
surplus  is  stored  up  as  fat,  how  does  it  become  fat  ?  Is  the  fat  which  is  stored  up  by 
reason  of  the  presence  of  the  surplus,  really  and  tmly  that  same  sugar  exchanged  into 
fat,  or  did  the  sugar  step  into  a  metamorphosis,  and  by  a  sacrifice  of  itself  turn  off  in 
tat  certain  elements  which  would  otherwise  have  followed  another  path  ?  Questions 
such  SB  these  pertaining  to  each  alimentary  principle  spring  up  in  abundance,  but 
their  solution  belongs  rather  to  physiology  in  general  thim  to  nutrition  in  particular. 
We  may  mention  a  few  experiments  only  which  seem  to  suggest  that  the  oomplexity  of 
the  changes  taking  place  in  the  economy  is  rather  under  tlum  overrated  in  our  present 
accepted  doctrines. 

It  is  well  known  ftom  the  experiments  ^f  B  e  gn  a  u  1 1  and  Be  i  s  e t  that  the  proportion 
of  oxygen  fixed  in  respiration  which  reappears  with  the  carbonic  add  of  the  egesta 
varies  according  to  the  food,  beinff  greater  with  the  carbo>hydrates  than  with  the 
hydrocarbons.  Pettenkofer  and  V  o i t  observed,  however,  that  in  their  dog,  when 
fed  on  flesh  with  susar  or  starch,  the  amount  of  oxygen  in  the  carbonic  add  considerably 
(127  to  100)  exceeded  t^e  total  amount  of  oxygen  fixed  in  respiration.  This  was  coin- 
ddent  with  the  appearance  of  free  hydrogen  and  marsh-gas  in  the  respiration  chamber. 
Ghiided  by  the  investigation  of  Planer  on  intestinal  gases,  they  came  to  the  condusion 
that  the  starch  and  sugar  suffer  within  the  alimentary  canal  a  sort  of  fermentative 
decomposition,  by  which,  as  in  vinous  fermentation,  a  quantity  of  carbonic  add  is  given 
ofl^,  in  the  production  of  which  the  oxygen  of  the  atmosphere  has  had  no  port.  This 
observation  shows  strongly  that  the  amount  of  carbonic  add  in  the  egesta  is  no  true 
messure  orthe  oxidation  of  the  body,  and  therefore  of  the  generation  of  force,  as  has 
generally  been  supposed  to  be  the  case. 

It  is  curious  that  G-rouven,  working  through  the  devious  and  dangerous  path  of 
elaborate  analyses  and  still  more  elaborate  calculations,  should  have  come  to  a  very 
similar  condusion  with  regard  to  the  fate  of  the  carbohydrates  consumed  as  food  by 
oxen.  He  attempted  to  estimate  the  "  nutritive  value  "  of  various  alimentary  principles, 
starch,  sugar,  gum,  &c.,  &c,  by  mixing  known  quantities  of  them  with  a  fixed  ration 
of  Btnw,  and  then,  having  calculated  ue  changes  that  had  taken  place  during  a  ffrea 
time  in  the  body  of  the  animal,  gain  or  loss  of  fiesh,  fat  and  water,  compared  the  rraults 
with  the  jpreviouslv  determined  effect  of  the  straw-ration.  He  foimd  that  his  facts  only 
became  intelligible  on  the  hypothesis  that  within  the  alimentary  canal  the  carbo- 
hydrates were  split  up  into  two  sets  of  bodies,  one  rich,  the  other  poor,  in  oxygen  \  that 
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the  fosmer  were  thrown  off  TmaBed,  idiile  the  latter  were  abeorbed  «nd  probablj  were 
conyezted  into  iat.  He  goee  even  eo  far  as  to  deduce  from  hia  elementary  calemations 
the  fbrmuLe  of  tiie  change.  Thus  starch  gaTeriae  to  glycerin,  butyric,  and  lactic  acida, 
which  were  assimilated,  and  carbonic  acid  and  manh-gas,  which  were  at  once  excreted. 
These  results  are  perhaps  of  more  value  as  proYocatiye  of  ftituie  reseuches  than  as  being 
by  themeelves  trustworthy  &ots  but  at  least  they  point  to  possibilities,  both  of  diges- 
tion and  nutrition,  not  as  yet  fblly  recognised. 

The  results  described  above  as  laws  of  nutrition  refer  to  what  have  been  called 
force-genentors.  The  laws  belonging  to  the  force-regulators  are  so  complex,  so  little 
ondex^ood  at  present,  and  oonsequenUy  so  much  deb^ed,  that  it  is  tiiought  better  to 
omit  the  consideration  of  them  altogether. 

Some  substances,  such  as  alcohol,  can  perhaps  hardly  be  remrded  as  of  settled  position 
whether  among  the  generators  or  regulators ;  others,  tea,  coffee,  salt,  &c,  have  likewise 
been  the  subjects  of  much  research  and  debate.    (See  Smith,  Yoit,  &&,  ^c) 

B.    Dynamics, 

While  the  statical  part  of  the  subject  is  of  course  of  most  interest  in  reference  to  the 
nutrition  of  animals  destined  to  be  slaughtered  for  food,  the  dynamical  part  is  of  most 
importance  when  the  nutrition  of  man  is  considered.  What  kind  of  food  is  best  edited 
lor  the  development  of  muscular,  what  for  nervous  force  ?  are  the  most  fundamental 
problems  of  physiolo^.  Previous  to  entering  into  detail,  however,  an  inquiry  should 
be  made  (if  for  nothing  else,  at  least  for  the  sake  of  justifying  the  assumption  of  the 
applicability  of  the  conservation  of  forces  to  the  living  frame)  between  the  total  income 
and  total  expenditure  of  force.  This  will  be  most  conveniently  done  by  reducing  both 
to  units  of  neat  The  determination  of  the  total  amount  oi  force  expended  within 
a  given  time  by  an  animal  body  is  a  comparatively  easy  task.  For,  diverse  as  are  the 
various  manifestations  of  force  within  the  economy,  tney  are  all  reduced,  before  they 
leave  the  body  as  expended  force,  into  two  modes  onl^,  namely  heat  and  mechanical 
effect,  the  quantity^  leaving  the  body  as  electricity  bemff  probably  exceedingly  small. 
Thus  all  the  various  forces  which  we  class  together  under  the  name  of  nervous  force 
resolve  themselves,  after  all  their  multitudinous  wanderings  and  transformations,  into 
heat,  except  the  minute  fraction  which  may  be  supposed  to  be  carried  on  into  muscular 
action,  and  so  to  find  its  exit  as  mechanical  effort.  Muscular  action  too  loses  itself 
partly  as  mechanical  effect,  but  to  a  much  greater  amount  probably  as  heat.  All 
secretive  or  nutritive  action  again  goes  out  as  heat.  Heat  and  mechanical  movement 
are  in  &ct  the  only  true  efeetus  of  the  animal  body.  Whatever  does  not  go  out  in  the  one 
form,  issues  in  the  other.  Two  animals,  living  on  the  same  food,  and  suljeet  to  the 
same  metamorphosis,  will  rise  to  the  same  amount  of  actual  enezgv,  and  yet  in  the  one 
a  large  amount  of  that  energy  may  assume  the  form  of  mechanical  effect,  while  in  the 
other,  no  muscular  exertion  being  made,  it  nearly  all  p^oes  out  as  mere  heat,  which,  being 
dissipated  as  soon  as  generated,  causes  no  alteration  in  the  animal's  temperature. 
Henoe  if  we  estimate  the  total  mechanical  effect  of  any  animal  during  a  given  tune,  and 
the  total  amount  of  heat  given  off  at  the  same  time,  we  shall  obtain  the  total  amount 
of  expended  force.  This  may  readily  be  done  by  placing  an  animal  in  a  calorimeter, 
with  a  tread-wheel  for  determining  the  mechani<»l  effect.  Bj  reducing  the  mechanical 
effect  to  units  of  heat,  and  adding  them  to  the  number  of  units  of  heat  denoted  by  the 
calorimeter,  we  arrive  at  the  total  expended  force  estimated  in  units  of  heat.  A 
calorimeter  is  doubtless  not  a  proper  home  for  an  animal,  and  therefore  probably  the 
result  of  the  experiment  wUl  not  give  accurately  the  normal  expenditure  or  the  natural 
yiiTmiil^  seeing  now  sensitive  and  responsive  in  all  its  parts  is  the  animal  economy  to 
Tariations  of  temperature.    Yet  it  cannot  be  far  from  the  truth. 

The  estimation  of  the  total  force  of  the  income  is  a  much  more  difficult  task.  The 
units  of  heat  given  off  by  the  combustion  of  each  article  of  food  have  to  be  determined, 
and  from  their  sum  total  has  to  be  deducted  the  number  of  units  of  heat  still  obtainable 
from  the  incompletely  oxidised  ^rtion  of  the  ejccreta  belonging  properly  to  the  food 
in  question.  Unfortunately  thia  at  present  has  not  been  accomplished.  It  has 
generally  been  deemed  sufficient  to  calculate  the  latent  energy  of  any  alimentary 
substance  from  the  units  of  heat  given  off  by  the  combustion  in  an  uncombined  state, 
of  its  carbon  and  free  hydrogen.  This  however  (see  Hiat)  leads  to  a  result  which  we 
may  safely  assume  hs  being  mcorrect,  without  knowing  how  far  it  errs  from  the  truth. 
Hence  the  failure  of  Dulons  and  Despretz  to  obtain  a  balance  between  the  actual 
heat  given  off  by  an  animal  during  a  given  time,  and  the  amount  calculated  as  due  to 
the  qtumtitv  of  carbon  and  hydr^n  presumed  to  have  been  actually  oxidised  in  the 
system  dimng  that  time,  cannot  be  regarded  as  any  argument  against  the  possibility  of 
obtaining  •»<£  a  balance  with  great  exactitude  if  more  correct  methods  were  employed. 
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Using,  liow«Ter,  mieh  Imperfect  means  in  the  absence  of  better  onee^  Helmholts 
calculates  that  a  man  of  82  kilogrms.  weight  expends  in  24  hours  2 ,700,000  units  of 
heat,  of  vhich  2-0  per  cent,  goes  to  wazming  the  food  and  drink,  2*6  per  cent,  to  warming 
the  air  of  respiration,  147  per  cent,  is  lost  in  the  eTaporation  of  water  through  the 
lungs,  the  remainder  77*6  per  cent  being  distributed  over  loss  by  urine  and  fieces,  eva- 
poration from  skin,  radiation  and  conduction  from  srrface,  and  mechanical  effect 

Lu  dvig  calculates  the  mechanical  effect  of  a  good  day's  work  to  be  equivalent  only 
to  220,930  units  of  heat 

Still  more  difficult  is  the  task  of  tracing  backwards  to  the  food  or  onwards  to  the 
excreta^  any  of  the  special  kinds  of  forces  at  work  within  the  economy.  To  take  for 
instance  muscular  force,  as  one  of  the  simplest,  it  may  be  asked,  which  elements  of 
food  contribute  solely  or  chiefly  to  its  production,  and  which  of  the  elements  of  the 
egesta  may  be  taken  as  the  index  of  its  occurrence.  The  Bev.  S.  Haughton  (Dublin 
Quarterly  Medical  Journal,  1869,  I860),  taking  it  for  granted  that  the  nitrogen  of  the 
urine  and  freces  represented  the  whole  muscular  or  mechanical,  nervous  or  mental, 
and  nutritive  or  vital,  work  of  the  economy,  while  the  remaining  excreta  answered  to 
what  he  calls  the  opua  caIorifieuii%  made  the  following  investigation.  Having  deter- 
mined the  daily  excretion  per  anum  et  ifeaicam  of  nitrogen  reckoned  as  urea  in  a  series 
of  men  of  different  bodily  weights,  performing  different  mechanical  work,  undergoing 
different  mental  labour,  he  was  enabled  to  construct  a  series  of  equations,  whidi  be 
solved  for  certain  values  which  it  was  desired  to  know.  He  thus  calculated  that  800 
grains  of  urea  represent  the  dailj  nutritive  work  of  a  man  weighing  160  lbs.;  that  136*6 
grains,  of  urea  represent  the  musctdar  force  required  to  lift  160  lbs.  through  one  mile, 
a  hard  day's  work ;  that  222  grains,  of  urea  represent  the  daily  mental  exertion  of  a 
man  of  business.  It  need  hardly  be  said,  however,  that  the  assumptions  on  which 
these  calculations  are  based,  are  open  to  grave  objections. 

In  dealing  with  the  statics  of  this  subject  the  word  flesh  was  used  to  denote  the  total 
protein-substance  of  the  body.  And  it  was  only  in  this  wide  sense  of  the  word  that 
urea  was  considered  as  the  resultof  the  metamorphosis  of  flesh.  It  is  true  that  Bischof  and. 
Voit  use  the  same  word  flesh  as  synomymous  with  muscle,  but  such  an  assumption  rests 
on  no  basis  of  fieu^ts.  Although  the  nervous  system  in  Bidder  and  Schmidt  and  Chossafs 
experiments  seemed  to  suffer  but  little  waste  in  inanition,  we  cannot  for  that  reason 
eondude  that  during  hfe  it  suffers  little  metamorphosis.  On  the  contrary,  it  is  impos- 
sible, with  the  general  views  by  which  we  are  judfing  the  whole  subject,  to  think 
otherwise  than  that  where  there  is  apparently  so  much  production  of  force,  there  should 
also  be  much  change.  And  as  far  as  the  cnanges  in  the  nervous  tissue  simplicate  the 
protein  substances  therein  contained,  they  must  be  considered  as  giving  rise  to  urea. 
In  the  liyer  again,  in  the  glands,  and  in  all  the  other  organs  which  we  may  call  the 
nutritive  organs,  we  must  aUo  (in  addition  to  the  changes  supposed  according  to  one  theory 
to  occur  in  the  digested  food  as  it  passes  throush  or  comes  in  connection  with  those 
organs  in  the  blood  current)  suppose  considerable,  it  might  almost  be  said,  excessive 
metamorphosiB  to  take  place,  whioi,  in  so  fiir  as  it  is  nitn^nous,  will  also  produce  urea. 
Hence  the  total  amount  of  urea  cannot  be  taken- as  an  index  of  the  metamorphosis  of 
muscular  tissue  only.  Nor  can  we  fairly  assume  that  even  a  large  part  of  it  is  to  be  so 
regarded.  It  may  be  urged  that  muscular  tissue  forms  a  large  part  of  the  total  protein- 
substance  of  the  Dody,  that  we  have  every  reason  to  believe  that  it  sufiers  great  and 
rapid  changes.  But»  we  possess  no  exact  information  as  to  how  large  a  share  in  its 
metamorphosis  is  taken  bv  its  nitrogenous  constituents  alone,  and  on  the  other  hand  we 
are  similarly  ignorant  of  the  intensity  of  nitrogenous  transformations  in  the  other  organs 
of  the  body.  It  is  true  that  in  muscular  tissue  we  find  creatine  and  creatinine,  and 
there  is  some  reason  for  believing  that  they  (one  or  both)  are  increased  during  muscular 
contraction  when  metamorphosis  is  presumed  to  be  increased;  but  the  physiological 
connection  between  creatinine  or  creatine  and  urea  has  not  yet  been  fully  traced.  On 
the  contrary,  there  are  not  wanting  facts  indicating  the  closest  bonds  between  urea  and 
the  liver.  So  marked  indeed  are  they  that  the  action  of  the  liver  has  been  called  in 
to  assist  the  theory  of  the  luxus-consumption,  on  the  idea  that  the  changes  taking 
place  there  belong,  not  exactly  to  the  liver  itself,  but  to  the  Uood  in  the  liver.  On  these 
points,  however,  our  information  is  exceedingly  imperfect 

Physiologists  perhaps  err  in  being  apt  to  regard  the  processes  of  the  animal  body  as 
too  simple,  too  straightforward.  May  not  urea  and  carbonic  acid  be,  not  the  result  of 
a  splittmg  up  and  facile  oxidation,  but  the  ends  of  a  long  series  ot  perhaps  back- 
ward and  forward  changes,  so  that  the  point  or  place  where  each  is  first  detected  is 
not  necessarily  the  place  where  the  most  important  act  of  metamorphosis  takes  place  ? 

If  it  is  difficult  to  connect  urea  in  any  special  manner  witbthe  metamorphosis  <^  mus- 
cular tissue,  it  is  still  more  difficult  to  connect  it  with  the  exhibition  of  muscular  force. 
If  urea  were  the  most  important  product  of  muscular  metamorphosis  and  muscular  me« 
tamorphosis  the  most  important  source  of  urea,  then  since,  during  muscular  contraction, 
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the  metemovpliosifl  of  nmscalar  sabstanee  is  presamed,  on  apparently  satisfiutoiy  giovDds, 
to  be  laisely  increafled,  the  amoant  of  urea  also  ought  to  be  laigelj  incieaaed  by  mnacu- 
lar  exertion.  It  is  tnie  that  under  this  Tiew  were  wiU  always  be  in  the  urine  a 
tolerabl;^  laiipe  constant  quantity  of  urea  due  to  the  amount  of  muscular  exertion  em- 
ployed in  Tisceral  movements^  which  yaries  only  within  comparatively  narrow  limits. 
But  such  an  amount  must  be  ftally  overpowered  hv  an  excess  of  urea  due  to  violent  and 
long  continued  exercise.  Observations  (Smith,  Voit,  Speck,  Lehmann)  on  tiie  effect 
of  muscular  exertion  on  the  excretion  of  urea  ate  not  unanimous.  Yet,  even  when  allow- 
ance is  made  for  retention,  that  is  for  decrease  of  elimination  as  compared  with  decrease 
of  formation,  the  conclusion  may  fiiirly  be  drawn  that  exerdse  even  carried  to  eidiaus- 
tion  produces  an  increase'of  urea  too  smaU  to  be  regarded  in  anyway  as  an  equivalent 
of  the  expended  muscular  force.  At  the  same  time  observers  are  equally  agzeed  that 
muscular  exertion  does  produce  a  yexy  laige  increase  in  the  carbonic  acid  of  the  egesta. 
So  dearly  did  this  come  out  in  the  experiments  of  Dr.  E.  Smi  th,  that  that  gentleman, 
belieyes  himself  iustified  in  lecommenaing  an  addition  of  carbon  to  the  food  when  bodily 
exertion  is  called  for.  It  has  been  uiged  that  Voit  and  others,  by  simply  estimating 
the  urea  (with  uric  acid,  &c)  in  their  experiments,  have  left  open  the  possibility  of  other 
nitro^nous  bodies  being  present  in  laree  quantities  on  such  occasions,  and  on  such 
occasions  only  in  the  urine.  But  these  hypothetical  bodies  have  never  been  detected, 
and  the  possiDility  of  their  existence  does  not  negative  the  foct  of  the  increase  in  the 
carbonic  acid.  It  must  be  remembered  however  that  there  is  in  the  living  musde,  even 
when  perfectly  at  rest,  an  active  metamorphosis  still  going  on,  resulting  in  part  as  elec- 
tricity, but  finally  as  heat.  Perhaps  even  during  the  very  act  of  contraction  (as 
distinguished  from  the  conditions  immediately  preceding  and  following)  there  is  not  ao 
much  an  increase  of  metamorphosis  as  a  change  in  the  cUrection  or  form  into  whidi  the 
energy  set  free  by  the  metamorphosis  is  converted.  If  so  the  carbonic  add  would  be 
only  indirectly,  and  the  urea  not  at  all,  an  index  of  the  amount  of  expended  force,  while 
the  total  metamorphosis  of  the  muscular  system  would  measure  possibilities  of  action 
rather  than  actual  achievements.  When  we  reflect  that  the  aninud  body  considered  as 
a  working  madhine  is  characterised  by  being  subiect  to  sodden  calls  for  action  from 
ever^  quarter,  it  will  be  easily  understood  that  the  best  state  of  preparation  for  emergen- 
cies is  not  one  in  which  there  is  a  mere  store  of  latent  energy,  out  one  in  which  force  is 
continually  being  liberated  and  therefore  ready  at  a  moment's  notice  to  be  turned  in 
any  particular  direction,  converted  into  any  particular  form.  This  of  course  implies 
that  for  every  mechaniod  efiect,  a  laxge  amount  of  force  is  spent  in  a  non-mechanical 
manner;  and  therefore  apparently  lost  But  so  abundant  are  the  resources  of  the 
economy  for  the  using  up  <^  this  wasted  force,  that  according  to  Helmholts^  while  the 
best  steam-engine  Iomb  nine-tenths  of  the  total  power  of  its  foel,  the  human  body  ia 
able  to  convert  into  mechanical  effect  one-fifth  of  the  total  power  of  its  food. 

Urea  then  cannot  be  taken  safely  as  a  measure  of  mechanical  work  done  by  the 
body ;  with  still  less  safety  perhaps  can  it  be  taken  as  a  measure  of  the  mental 
WOK.  And  as  it  is  impofasible  at  present  to  trace  the  various  members  of  the 
egesta  back  to  the  various  forms  of  vital  force,  so  it  is  impossible  to  trace  the  latter 
back  to  the  various  constituents  of  food.  If  one  general  view  of  the  whole  vital 
processes  can  be  regarded  as  more  likely  than  another,  it  is  perhaps  the  idea  that  the 
brute  force  of  the  economy,  so  to  speak,  is  represented  by  the  carbon  (and  hydrogen)  of 
its  food,  while  the  nitrogen  is  more  closely  concerned  with  internal  changes  by  which 
that  brute  force  is  converted  into  the  many  varieties  of  vital  energy. 

Play  fair  argues  that  only  the  nitrogenous  alimentary  prind^ies  are  concerned  in 
the  production  Si  muscular  (and  mentiJ?)  force,  and  ^ves  calculations  showing  that 
the  latent  ener^  of  such  an  amount  of  albumin  as  is  usually  consumed  by  active 
labourers  is  sufident  to  account  for  the  actual  force,  both  of  the  internal  muscular 
movements  and  of  tiie  external " usdVil  work "  of  an  ordinary  man.  But  Carpenter 
has  made  calculations  which  lead  to  an  exactly  opposite  oondusion ;  and  Haugn  ton's 
equations,  as  far  as  they  can  be  trusted,  tend  to  support  the  view  that  the  force  of 
musenlar  action  is  derived,  in  part  at  least,  from  the  hydro-carbons  or  carbo-hydrates 
of  food.  So  long  as  the  present  uncertainty  about  the  latent  energy  of  complex 
substances  continues,  and  so  long  as  the  evolution  of  heat  is  not  observed  at  the  same 
time  that  the  development  of  medumical  force  is  estimated,  all  questions  of  "dynamics" 
must  remain  obscure. 

The  following  works  and  memoirs  may  be  consulted : 

Barral,  Statiqne  cbimique  des  Animaux,  1860. 

Bidder  und  Schmidt,  Die  Verdauungsiifte  und  der  Stofl^edisd,  1862. 

Bischof  und  Voit,  Die  Gesetse  der  Emahrung  des  Fleischfressers,  1860^  and 
their  Critic 

Vogt,  C,  Moleschott's  Untersuchungen,  1859. 
Vol.  IV.  M: 
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Groaven,  FittteningB-YersQche,  1864. 

Hammond,  Besearchea  on  Food,  1867. 

Hildesheim,  Die  Normal  Diat,  1866. 
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Society. 
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Pay  en,  Des  Snbstaaces  Alimentaires^  4th.  ed.  1866. 
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Pettenkofer  n.  Voit,  Bespiration.  Annalen  der  Chemie  und  Pharmacie,  1863, 
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Playf air.  The  Food  of  Man  in  relation  to  his  Useful  Work,  1866. 

Banker  J.,  KohlenstoiF  nnd  Stiekstoff-Ansscheidang  der  mhenden  Hensehen. 
Arch.f  Anat.  u.  Phvs.  1862. 

Sarorj,  Uses  of  Food,  Pka.  Trans.  1862. 

Smith,  R,  Bespiration,  PkU.  Trans.  1869;  Urea,  Pka.  TVans.  1861.  On  the 
Food  of  the  Labovnng  Classes.  Sixth  Report  of  Medical  Officer  of  Privy  Coitnoil^ 
1864 ;  and  other  papers  in  Brit.  Assoc.  Reports  and  eLsewhere. 

Voit,  PhysiolofflMh-chemische  Untersndirangen,  1867. 

Ueber  den  Einnuss  dee  Koehsalzes,  des  Kaffees  nnd  der  Moskel-bewegang  anf  den 
Stof^ech  sel,  I860.  Ueber  den  Stickstoff-Kreialanf  im  thierischen  Orguiismns^  Ann. 
Ck.  Pkarm.  1863,  SnppL  iL 

M.F. 

JiUTJIZTZOW  or  P&AJrrs. — ^The  Nutrition  of  Plants,  like  that  of  Animals,  may 
be  studied  in  aooordance  with  the  doctrine  of  the  Conservation  of  Force,  in  reference  to 
the  mutual  relations  of  income,  capital,  and  expenditure.  At  the  first  glance,  howeyer, 
a  remarkable  difference  may  be  obeerved  between  the  two  kingdoms.  In  the  case  of 
animals,  the  income  consists  almost  entirely  of  force  associated  with  material  as  latent 
energy ;  in  the  case  of  plants,  the  income  is  composed  to  a  preponderating  extent  of 
actual  eneigy  in  the  form  of  force  derived  dinctly  from  Uxe  sun,  and  of  material 
associated  with  as  small  an  amount  as  posible  of  latent  energy.  With  animals  there 
is  such  a  large  constant  expenditure  of  force  in  the  shape  of  actual  eneigy,  such  a  laige 
concomitant  waste  of  effete  material  that  even  in  the  case  of  those  animals  which  are 
purposely  fed  with  a  view  to  increase  of  capital,  that  part  of  the  income  which  is  stored  up 
from  time  to  time  as  increase  of  material  and  latent  energy,  bears  an  exceedingly  smaU 
proportion  to  that  part  which  goes  to  swell  the  expenditure ;  with  plants  the  amount 
both  of  force  and  material  continually  expended  is  so  slight  that  J^  far  the  greater 
part  of  each  accession  of  income  is  retainea  as  increase  of  capital.  With  most  animals 
the  value  of  the  capital  depends  almost  entirely  on  the  amount  of  actual  eneigy  it  is 
able  to  supply  when  occasion  demands ;  with  nearly  all  plants  the  value  of  the  capital 
is  expressed  almost  exactly  by  the  amount  of  latent  energy  its  material  represents. 
Animals  are  machines  for  the  conversion  of  latent  energy  into  various  modes  of  actual 
force ;  plants  are  machines  for  converting  the  one  actuu  force  of  the  sun  into  various 
collections  of  latent  energy.  We  may,  using  the  while  very  general  terms,  speak  of  a 
circulation  of  force  and  material  through  the  world.  Light  (heat),  carbonic  acid,  water, 
and  ammonia,  enter  into  the  vegetable  kingdom,  and  reappear  as  protein ;  carbo- 
hydrates and  oxyeen  enter  the  animal  kin^om,  and  reappear  as  heat  and  mechanical 
effect  on  the  one  band,  and  as  carbonic  acid,  water,  and  ammonia  (urea)  on  the  other. 
In  the  third  or  inorganic  kingdom,  the  carbonic  acid,  ammonia,  heat,  and  mechanical 
effect  are  driven  from  their  place  of  birth  by  distributive  forces  and  scattered  over  the 
globe.    Thence  in  turn  the  vegetable  Idngdom  draws  in  part  its  income. 

Such  a  distinction  between  Sie  animal  and  vegetable  world,  though  satisfiictoiy  as  a 
broad  generalisation,  must  not  however  be  taken  as  strictly  true.  The  one  kind  of  life 
is  not  exactly  the  inverse  of  the  other.  On  the  contrary,  m  order  to  include  all  vital 
phenomena,  we  must  imagine  each  to  consist  of  two  processes ;  the  one  destructive  and 
resulting  in  the  liberation  of  actual  force^  the  other  constaructiTe  and  leading  to  the 
accumulation  of  latent  energy.  In  the  one  life,  one  process  is  predominant ;  in  the 
other,  the  other.  Thus  animals,  while  for  the  most  part  they  absorb  latent  eneigy  in 
the  form  of  food  and  expend  it  chiefly  as  actual  force,  are  yet  at  the  same  time  engaged 
during  the  whole  of  their  lives,  in  increasing  and  concentrating,  so  to  speak,  by  par- 
ticular applications  of  a  portion  of  their  total  force,  the  amount  of  latent  enei^  of  some 
of  the  materials  of  their  food  through  the  process  called  assimilation.  During  the  early 
stages  oftheir  existence,  while  they  are  growing,  they  do  this  to  a  vexy  marked  degree;  and 
at  some  periods  (incubation)  they  receive,  and  convert  into  temporary  latent  energy,  -a 


NUTRITION  OF  PLANTS.  168 

quantity  of  actual  ibioe  in  the  shape  of  heat  So  plants,  though  their  ehief  ftinction  is  to 
employ  solar  energy  in  deoompoeing  carbonic  acia  and  water  with  liberation  of  oxygen, 
ana  thus  to  construct  elaborate  compounds  of  carbon,  hydrogen,  nitrogen,  and  oxygen, 
as  seats  of  latent  energy,  neyertheless  from  time  to  tune  consume  thoee  yery  eompounds, 
absorbing  oxygen,  forming  carbonic  add  and  giTiuff  off  actual  force  in  the  shape  of 
heat  For  instance,  during  germination,  flowering  ana  fruiting  there  is  always  oxidation 
going  on,  and  even  a  considerable  amount  of  heat  thrown  out ;  and  during  the  whole  life 
of  a  plant,  those  parts  which  are  not  green  are  always  occupied  in  forming  and  exhaling 
carbonic  acid,  and  those  which  are  green  behave  in  the  same  way  when  fight  is  absent, 
so  that  the  total  amount  of  oxidation  going  on  in  a  plant  is  Tery  considerable.  The 
income  of  pl&nts  consists  partly  of  force,  partly  of  material  Force  is  supplied  almost 
entirely  in  the  form  of  solar  ene^.  Part  of  the  energy  so  leceiTed  may  be  considered 
as  acting  simply  as  heat,  since,  for  the  organic  processes  of  yegetable  as  of  animal  life, 
a  certain  temperature  is  necessary.  In  the  majority  of  animals,  however,  an  internal 
source  of  heat  renders  the  thermal  influence  of  the  sun  of  subordinate  importance. 
Plants,  on  the  other  hand,  are  more  directly  dependent  on  solar  warmth,  their  own  caloric 
production  bein^  as  a  whole,  very  limite<L  But  by  far  the  most  important  function  of 
the  solar  energr  received  by  plants  is  that  peculiar  one  whereby  suu-light,  acting  on 
the  green  or  chlorophyll-containing  orgjans,  deoxidises  carbonic  acid  and  water,  and 
thus  enters  as  latent  energy  into  the  various  vegetable  organic  compounds.  As  by  the 
union  of  carbon  and  hydrogen  with  oxygen  to  form  carbonic  add  and  water,  a  certain 
amount  of  actual  energy  is  set  free,  so  in  the  reverse  process  a  corresponding  amount 
of  enezgy  becomes  latent  The  latent  eneigy  possessed  by  vegetable  products  and  ex- 
hibited throngh  either  combustion  or  alimentation  is  simply  eneigy  derived  from  the 
suD  and  appropriately  converted  during  the  life  of  the  plaut 

The  materijus  of  the  income  of  a  phmt  are  derived  pirtly  from  the  soil,  partly  from 
the  atmosphere. 

Those  bodies  which  are  drawn  from  the  soil  are  said  to  be  absorbed  by  the  roots. 
Into  a  mass  of  soil,  the  roots  of  a  plant  spread  during  its  growth  in  various  directions,  and 
extract  therefrom  certain  constituents  by  virtue  of  processes  as  yet  not  fully  understood. 
This  absorption  has  a  ''selective"  character.  One  plant  wiU  absorb  certain  constituents 
in  given  proportions;  another,  the  same  constituents  in  different  proportions  or  different 
constituents.  So,  out  of  a  given  mixture,  a  plant  will  by  no  means  absorb  to  the 
largest  extent  those  substances  which  are  present  in  greatest  abundance.  Marine 
plants  growing  in  a  fluid  containing  a  great  excess  of  sodium,  themselves  contain  a  great 
excess  of  potash.  Land  plants  contain  but  little  aluminium,  though  that  body  exists 
in  large  quantities  in  most  soils.  Aquatic  plants,  whose  soil  is  a  fluid,  of  course  absorb 
their  soil-derived  constituents  from  solutions.  Land  plants  may  also  be  made,  to  do 
the  same  thing.  Thus  Stohmann  (Ann.  Ch.  Pharm.  exxi  s.  286)  grew  maize-plants 
in  pure  saline  solutions.  It  may  fairly  be  piesnmed  that  all  the  bodies  absorbed  by 
the  roots  are  in  some  way  or  other  dissolved  before  they  actually  pass  into  the  plant. 
Hence  substances  in  order  to  be  of  any  nutritive  value  must  be  capable  of  solution.  But 
it  does  not  follow  that  thev  must  necessarily  exist  in  a  state  of  aqueous  solution  in  the 
soil  itself  before  they  can  be  absorbed.  On  the  contrary,  ordinary  soil  seems  to  have 
a  peculiar  power  of  withdrawing  saline  materials  from  their  aqueous  solutions,  and  of 
retaining  them  in  some  peculiar  physical  combination  with  itself.  And  the  experiments 
of  Nageli  and  Zoller  on  the  growth  of  beans  in  powdered  turf  saturated  to  a  variable 
extent  witii  saline  matters,  seem  to  show  that  saline  nutritive  elements  are  absorbed 
not  directly  fix)m  aqueous  solutions  percolating  the  earth,  but  indirectly  through  the 
agency  of  the  soiL 

Of  the  substances  thus  absorbed  by  the  roots  the  so-called  "  mineral"  matters  form  a 
laree  proportion.  The  most  important  and  wide  spread  are  potash,  soda,  lime,  mag^ 
nesia,  and  iron,  with  phosphoric,  sulphuric,  hydrochloric,  and  silicic  adds.  Less  universal 
but  still  common  are  iodine,  alumina,  manganese.  More  rare,  and  probably  in  many 
cases  acridental,  are  bromine,  boron,  copper,  sUver,  zinc,  lead,  tin,  cobalt  nickeJ, 
strontium,  barium.  To  these  may  be  add^  litliium,  and  some  of  the  newly  discovered 
.metals.    Water  is  of  course  absorbed  from  the  soiL 

Nitric  add  and  ammonia  are  also  absorbed  from  the  soil.  These  may  have  arisen 
from  the  decomporition  of  organic  matters  present  in  the  soil  as  natural  or  artiflcial 
manures,  or  may  have  been  brought  down  from  the  atmosphere  by  rain.  It  has  been 
SQggested  (Volker,  Cloez)  that  nitric  add  is  the  particular  shape  in  which  nitrogenous 
material  is  absorbed  by  plants,  all  other  nitrogenous  substances  (including  ammonia) 
bdng  reduced  to  that  form,  previous  to  absorption.  There  appears  to  be  no  evidence 
that  organic  nitrogen-compounds  are  absorbed  as  such  except  it  be  in  the  case  of  fungi 
and  certain  parasites. 

Carbonic  add  may  be  talcen  up  from  the  soil  Lastly,  there  are  in  all  soils  repre- 
sentatives  of  the  dass  of  bodies  known  under  the  collective  name  of  kumus.    It  is 
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gnnenlly  thcragfat  that  hunns  is  nofc  abwxrb«d  as  ■Qeh,  but  acts  benefleially  in  a  sort  of 
preparatozy  maaner  on  soils,  bj  means  of  the  adds  arising  from  its  deoomposition. 
Sister  howerer  maintains  that  hnmiis  is  absorbed  and  assimilated  Ijy  plants. 

The  kind  of  material  deriyed  from  the  air  is  not  the  same  under  all  drcnmstancee. 
Under  the  action  of  light  the  green  parts  of  the  plants  absorb  carbonic  acid ;  in  dark- 
ness they  ceaw  to  do  so,  taking  np  os^gen  instmd.  Those  parts  which  are  not  green 
absorb  oxygen  under  all  circumstances.  That  this  absorption  of  oxygen  is  an  act 
necessary  to  life  is  shown  by  the  &ct  that  plants  kept  in  darkness  (and  therefore  unable 
themselves  to  give  out  oxysen)  in  an  atmosphere  void  of  oxygen,  perish. 

It  has  been  much  debatea  whether  plants  absorb  in  any  way  nitrogen  directly  from  the 
atmosphere.  There  appears  to  be  no  exact  knowledge  as  to  the  power  of  plants  to 
absorb  combined  nitrogen  (ammonia,  &c)  directly  from  me  atmosphere,  as  disfinguiahed 
from  that  obtuned  from  toe  same  source  through  the  intermediate  agency  of  the  soil 
As  regards  free  nitrogen,  Boussingault  (Annales  de  Chim.  et  Phys.  1856,  &c])  con- 
cluded from  his  experiments  that  there  was  no  absorption.  V  i  11  e  and  others  maintain 
the  contraiy.  Lawes  and  Gilbert  (Phil.  Trans.  1861 ;  Chem.  Soo.  J.  zvi.  100) 
support  the  views  of  Bonsdneault.  The  last-mentioned  obserrers  neyertheless  state 
that  the  quantity  of  nitrogen  brrjught  down  to  the  soil  from  the  atmosphere  by  the 
annual  rain  will  only  account  for  a  fraction  of  the  nitrogen  carried  off  by  the  annual 
crops,  and  infer  that  in  the  absence  of  nitrogenous  manures  there  would  seem  to  be 
some  otheras  yet  unnoticed  source  of  nitrogen.  L  i  e  b  i  ^  (Naiural  Laws  of  Husbandry, 
ed.  Blyth,  292)  however  maintains  that  the  atmospheric  nitric  acid  and  ammonia  are 
sufficient  im  ordinary  yegetable  purposes,  and  even  that  ^through  cultivation)  an 
accumulation  of  nitrogen  in  the  soil  has  taken  place.  The  observation  of  Schonbein 
that  nitrite  of  ammonia  is  produced  during  oxidation  taking  place  in  the  atmosphere^ 
has  suggested  a  source  of  abundant  supplies  of  nitrogenous  food  for  plants. 

The  capital  of  a  plant  consists  of  the  so-called  vegetable  products.  The  chief  of 
these  are  protein-matters,  cellulose,  starch,  dextrin,  sugar,  gum,  pectin,  chlorophyll, 
organic  acids,  fatty,  waxy,  resinous  bodies,  tannin,  &c.,  &o.  All  these  are  so  many 
couections  of  latent  enegy,  and  available  for  food  or  fueL  They  are  nearly  all  of  them 
present  in  every  plants  and  constitnte  the  main  part  of  the  capital  properly  so  under- 
stood. Besides  these  bodies,  however,  there  are  innumerable  other  compounds,  of  more 
or  less  frequent  occurrence,  possessing  a  greater  or  smaller  amount  of  latent  energy, 
some  of  them  perhaps  particuar  stsffes  through  which  the  material  of  the  plant  passes 
in  its  progressiye  metamorphoses,  ouiers  most  probably  the  products  of  a  retrograde 
metamor^osis  or  off-shoots  of  either  process.  These  last  two  kinds  may  hinj  be 
brought  under  the  designation  of  excretions,  and  ought  therefore  to  be  considered  as  the 
waste  material  of  expenditure  rather  than  as  belonging  rightfully  to  the  capitaL 

One  substance  spoken  of  as  protoplasm,  a  mixture  of  various  nitrogenous  and 
non-nitrogenous  compounds,  occurs  largely  in  all  srowing  parts,  and  may  be  regarded 
as  a  sort  of  middle  term,  to  which  a  large  part  of  the  income  tends  and  from  which 
various  items  of  capital  arise. 

Of  the  expenditiue  of  a  plant,  a  yeir  limited  amount  consists  of  actual  force.  In  the 
lowcbt  forms  of  vegetable  life  locomotion  is  at  times  witnessed,  and  some  of  the  higher 
plants  exhibit  occasional  moyements  in  their  so-called  irritable  parts.  In  these  cased 
a  certain  amount  of  force  is  lost  as  mechanical  effect.  And  in  all  plants  the  act  of 
growth,  the  transference  and  sustentation  of  material  in  various  directions  must  be 
considered  as  an  expenditure  x>f  mechanical  force. 

A  constant  but  small  loss  of  force  in  the  form  of  eyolyed  heat  must  also  be  admitted. 
Under  ordinary  circumstances  this  is  almost  insignificant ;  on  certain  occasions,  however, 
it  comes  forward  into  great  prominence.  Thus  in  ^rmination,  a  very  considerable 
amount  of  heat  is  given  out,  and  when  many  germinating  seeds  are  collected  in  a  heap, 
asin  malting;  the  thermometer  placed  among  them  may  rise  tollO®  F.  During  flowering 
also  heat  is  evolyed.  In  the  spadices  of  the  Arum  tribe  in  particular  the  thermometer, 
it  is  said,  will  stand  20^  or  80°  F.  above  the  temperature  of  the  surrounding  air.  In  all 
cases  the  evolution  of  heat  is  closely  connected  with  the  absorption  of  oxygen  and  the 
exhaktdon  of  carbonic  acid. 

Of  the  material  thrown  off  by  plants,  besides  water,  the  largest  portion  consists  of 
oxygen  given  out  by  the  green  suiftces  under  the  influence  of  light  A  smaller  portion 
consists  of  carbonic  acid  given  off  by  the  parts  that  are  not  green  at  all  times  and  by 
the  green  parts  in  darkness. 

According  to  Cloez  (Ann.  Sciences.  Nat  Bot  [iv.]  xz.)  the  yellow  and  red  portions  of 
particoloured  leaves  do  not  give  off  oxygen.  The  amount  of  carbonic  acid  exhaled  in  dark- 
ness IS  greater  when  the  surrounding  temperature  is  higher  (C  o  r  e  n  w  in  d  e  r,  Ann.  Sdenc. 
Hit  Bot  [v.]  l,p.  297).  During  germination,  flowering,  and  fruiting  there  is  an  increase 
in  tha  eoraretion  of  carbonic  aacL  Saussure  thought  that  considerable  quantities  of 
nitrogen  were  evolved  by  the  leaves  of  plants  while  carbonic  acid  was  being  decomposed; 
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and  Draper  came  to  the  lame  eoiidiudoii.  But  Bomsingault  (Aim.  Seiena  Nat. 
Bot  [lY.]  ztL)  mruntaina  that  fuch  is  not  the  ease^  haTing  ibnnd  reaaon  to  beUeve  that 
the  leaYBB  of  plants  (at  least  of  snbmezged  plants)  in  sunshine  give  off  appreciable 
quantities  of  carbonic  oxide  and  marsh-gas.  Cloes  howerer,  who  with  Gratiolet 
(Urid.  [iii]  TTxii.)  had  previonsly  found  decided  quantities  of  nitrogen  to  be  eihaled  hj 
the  leaves  of  the  P&Uunogetanper/oliaius,  reasserts  {iUd,  [iy.]  zz.)  the  fact  of  the  exhala- 
tion of  nitrogen,  and  denies  the  excretion  of  carbonic  oxide.  The  observations  of  L  a  w  e  s 
and  Gilbert  oppose,  as  &r  as  they  go,  the  idea  of  nitrogen  being  exhaled.  Many 
plants  gire  off  minute  quantities  of  volatile  hydrocarbons  in  the  fonn  of  odours.  To  the 
action  of  these  emanations,  the  presence  of  oaone  in  the  neifl^bourhood  of  plants  has 
been  attributed. 

It  has  been  much  debated  whether  or  no,  or  to  what  extent,  matters  are  excreted  by 
the  roots  of  plants.  The  beneficial  or  ixjuiioos  effects  which  the  growth  of  certain 
crops  seems  to  exert  on  the  vegetation  of  other  crops,  subsequently  grown  on  the  same 
ground,  ha've  been  attributed  to  an  accumulation  in  the  soil  of  matters  excreted  by 
the  roots  of  the  first  crops.  Most  of  these  facta,  however,  may  be  otherwise  explained. 
Direct  experiments  have  led  to  contradictory  results,  and  those  which  seem  to  afilrm 
the  existence  of  an  excretive  ftinction  have  been  explained  away  ^  supposing  the  roots 
in  such  eases  to  have  been  iigured.  Cau vet  (Ann.  Sdenc  Nat.  Bot  fiv.]  xv.)  decides 
that  the  roots  of  plants,  when  sound,  do  not  uirow  off  any  part  of  either  poisonous  or 
innocuous  substances  taken  in- by  the  phmt  in  any  way. 

The  class  of  Fungi  and  the  leafless  Parasites  differ  materially  in  their  vital  pheno- 
mena fromtither  plants,  and  in  some  respects  closely  resemble  animals.  They  receive 
little  or  no  solar  energy ;  they  do  not  consume  carbonic  add ;  they  do  not  give  off 
oxygen ;  they  do  not  live  on  simple  compounds  of  carbon  and  of  nitrogen.  On  the 
contrary,  they  live  either  on  deoomposintf  organic  matter  or  on  the  elaborated  juices  of 
plants,  and  the;^  absorb  oxygen  finom  ue  atmosphere,  givinff  back  carbonic  add  in 
return.  They  differ  from  animals  inasmuch  as  they  expend  but  little  force  dther  in 
movement  or  as  heat  The  force  they  absorb  in  their  nutriment  still  remains  for 
the  meet  part  within  their  bodies  as  latent  energy.  Hence  the  rapid  growUi  of  many 
of  them. 

It  is  evidently  not  within  our  present  powers  to  draw  a  balance  between  the  amount 
of  force  received  by  a  plant  as  income  on  the  one  hand,  and  the  latent  energy 
possMsed  by  the  ^lant  itself  plus  the  firaction  expended  during  its  Ufe-time  on  the 
other.  This  only  is  dear,  that  the  solar  energy  is  more  than  suSident  to  account  for 
the  vegetable  power.  Helmholta  (Lectures  Med.  Qsm,  1864,  i  p.  499),  making  a 
comparison  between  the  total  amount  d  solar  energy  fiiUing  on  an  acre  of  ground  during 
the  year,  and  the  amount  of  force  derivable  firom  we  plants  grown  on  that  acre  during 
the  same  time,  finds  the  latter  only  i^th  part  of  the  former. 

The  obstades  attending  any  attempt  to  draw  a  balance  of  material  are  also  much 
greater  than  is  the  case  with  animals,  since,  in  addition  to  atmospheric  difficulties, 
trouble  is  met  with  in  the  &ct  that  a  phmt^  in  order  to  flourish  naturally,  must  be 
^aced  in  a  soil  of  a  most  complex  character,  out  of  which  it  extracts  only  a  small 
portion  for  its  own  use.  But  such  a  balance,  though  wholly  necessary  for  the  purpose 
of  investigating  the  nutrition  of  animals,  is  almost  superfluous  in  the  case  of  plants, 
since  with  the  latter  a  different  method  of  observation  may  be  adopted.  Instead  of 
inferring  the  state  of  the  ci^ital  from  a  comparison  between  income  and  waate,  we  can 
in  dealing  with  plants,  make  a  direct  analysis  of  the  capital,  and  so  determine  the 
variations  it  from  time  to  time  suffers  through  changes  in  the  income;  for  those 
plants,  concerning  whose  nutrition  knowledge  is  mnst  desirable,  being  generally  grown 
m  crops^  a  suffident  number  of  specimens  can  alwa^  readilv  be  taken  for  examination. 

The  income  may  be  roughly  considered  as  consisting  of  three  ehief  ftctors,  solar 
energy,  cariwnic  add,  and  soil  materials  (indnding,  as  aqueous  soil,  the  water  in  which 
aquatic  plants  live),  and  the  process  of  nutrition  as  a  fimction  of  all  three.  The  total 
fiiilure  of  any  one  of  tiie  tnree  entails  a  speedy  death;  the  comparative  failure 
diminishes  growth ;  increase  of  any  one  of  the  three  auffments  the  nutrition  of  the 
plant  within  certain  limits.  The  accumulation  of  vegiBtable  products  of  all  kinds  is 
dependent  upon  each  and  all  of  these  factors.  Thus  the  presence  of  carbonic  add  is 
necessary  ftnr  the  development  not  only  of  carbon,  but  also  of  nitrc»enHX)mpoundB, 
and  inversely  the  amount  of  carbo-hydmtes  stored  up  by  a  plant  will  £pend  upon  the 
nitrogen  as  well  as  the  carbon  of  its  food. 

Seeing  that  plants  are,  in  a  broad  sense,  stcire-housee  of  carbon,  the  importance  of 
carbcmic  add  (whether  derived  from  air  or  sdl)  as  a  fiietor  of  nutrition  cannot  be  ovei> 
looked.  Hants  entirdy  deprived  of  carbonic  add  cease  to  live,  while  an  increase  of 
that  body  increases  vegetation.  A  limit  however  to  the  beneficial  results  of  increase 
m  the  carbonic  add  of  the  atmosphere  sunousding  plants  is  soon  readied,  sinee 
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oxygen  idso  is  b  necMsaxy  element  of  Tegetoble  life,  and  to  the  respiration,  as  it  has 
been  called,  of  plants  as  to  that  of  ^^wimAla,  more  than  a  certain  percentase  of  oarbonic 
add  in  the  air  IS  usurious.  The  presence  of  light  is  absolutely  essential  to  the  aoea- 
muUtion  of  fresh  material  in  the  body  cf  a  plant  In  its  absence  the  oxidising  pro- 
cesses become  prominent  and  a  eertain  amount  of  morphological  change  and  srea 
chemical  transformation  of  material  can  take  place.  This  is  reiy  well  shown 
by  the  experiments  of  Boussingault  (Ann.  Sc.  Nat.  [t.]  i.  p.  814)  on  beans  grown 
on  a  prepared  soil  in  light  and  in  darkness.  In  the  light,  a  seed  weighing  '922  grm. 
grew  in  26  days  to  a  pUnt  whose  dry  weight  was  1*293  gnn.,  showing  an  increase  of 
'371  grro.  which  consisted  of  '1926  grm.  carbon,  '02  grm.  hydrogen,  and  *169l 
oxygen.  In  the  dark  a  seed  weighing  '926  grm.  grew  in  the  same  time  and  under  the 
same  conditions,  except  those  of  light,  to  a  plant  weighing  when  dried,  *666  grm., 
showing  a  loss  of  '860  grm.,  which  consisted  of  *1598  carbon,  *0232  hydrogen,  *1766 
oxygen.  In  the  light  there  was  a  storing  up  of  the  elements  of  carbonic  acid  and 
water ;  in  the  dark  a  waste  of  the  same.  In  the  light  the  deoxidising  or  purely  vege- 
table process  was  predominant ;  in  the  dark  the  oxidising  or  purely  animal  process. 
The  latter  supplied  the  force  requisite  for  the  partial  development  of  the  plant  The 
nature  of  the  diemieal  transfomations  taking  place  in  oarkness  is  shown  by  the 
following  oomposition  of  beans  and  bean  plants  after  21  days'  growth  in  darkness : 

Sead.        ToUl  weight.       SUreta.  Suflar.        CUulo...         (Ml.       ^^S^^    mSSS 

Seed  .     8'636  6*386  .      .  '616  '468  -880  '166 

Plant  (dried).    4'629  '777  -963  1316  '160  '880  -166 

There  was  therefore  a  production  of  cellulose  out  of  starch  during  darkness.  The  influ- 
ence of  the  absence  or  presence  of  light  on  the  development  of  various  vegetable  pro- 
ducts, particularly  of  those  which  may  be  regarded  as  retained  excretions,  such  as  the 
alkaloids,  is  well  known.  Boussingault  regards  the  asparagine  which  is  accumulated 
in  beans  growing  in  daikness  as  the  vegetable  phjrsiological  analogue  of  the  animal  urea. 

The  soil-materials  may  be  divided  into  the  "  nitrogenous  "  and  '*  mineral."  Nitrogen 
is  an  essential  element  in  the  food  of  plants,  and  as  we  have  seen,  is  probably  derived 
from  the  soil.  Though  the  quantity  of  it  present  in  the  seed  may  in  manv  cases  serve 
for  the  purposes  of  nutrition  until  the  plant  has  arrived  at  a  oonsideraDle  bulk  and 
accumuLted  a  large  stock  of  carbon-oompounds,  a  limit  is  at  last  reached  beyond  which, 
without  a  further  supply  of  nitrogen,  no  fbrther  growth  can  take  place.  This  is  very 
well  shown  hj  the  experiments  of  Stohmann  {loc.  cit.)  and  of  Lawes  and  Gilbert 
{loc.  eit.).  The  results  of  the  last  observers  show  a  very  close  connection  between  the 
presence  of  nitrogenous  bodies  (ammonia)  in  the  soil  and  the  accumulation  in  the  plant 
not  only  of  nitrogen  but  also  of  oarbon-compounds.  The  increase  in  carbohydrates  is 
however  by  no  means  proportionate  to  the  gain  in  nitrogen.  A  lai^  amount  of  the 
former  is  very  often  amassed  by  means  of  a  very  smidl  quantity  5  the  latter.  In 
animals  nitrogen  is  always  in  the  foreground,  and  is,  so  to  speak,  the  guide  and 
governor  of  the  total  metamorphosis;  in  plants  nitrogen  is  in  the  back-ground,  and  is^ 
as  far  as  quantity  is  ooncemea,  the  meanest  of  the  factors  of  nutrition. 

**  Mineral  matters,"  on  the  contrary,  while  they  hold  a  very  subordinate  position  as 
food-elements  in  the  case  of  animals,  are  of  primary  importance  for  the  nutrition  of 
plants.  Their  influence  is  very  clearly  ahown  by  growing  a  plant  in  distilled  water  or 
prepared  soiL  For  a  while  there  may  be  observed  a  growth  consisting  partly  in  the 
transformation  of  the  oontents  of  the  seed  and  partly  in  the  storing  up  of  new  material 
through  the  agency  of  the  unoceumed  mineral  matter  there  accumulated ;  but,  as  soon 
as  these  are  euausted,  no  new  stns  is  formed  and  the  plant  thereupon  speedily  perishes. 
All  plants  have  not  the  same  mineral  oonstituents,  each  species  seemina  to  make  a 
quautative  and  quantitative  selection  from  the  soil  of  material  best  fitted  for  its  wel- 
fare. So  fundamental  is  this  law  that  plants  are  often  spoken  of  as  lime-plants,  sili- 
cious  plants,  potssh-plants,  &e.  And  Stohmann  (loc,  oit)  has  shown  by  direct 
expenments  Uiat,  in  the  case  of  maiae  for  instance,  all  the  mineral  food  elements  have 
an  independent  value,  that  potash  cannot  supply  the  place  of  soda,  nor  magnesia  that 
of  lime,  nor  lime  that  of  magnesia.  But,  though  all  the  mineral  constituents  of  a  plant 
are  necessary  for  its  growth,  they  are  not  all  of  equal  value  as  factors  of  nutrition.  The 
ashes  of  a  plant  are  not,  like  the  skeleton  of  an  animal,  merely  the  framework  of  its 
body ;  minerals  are  not  absorbed  from  the  soil  simply  for  the  purpose  of  building  up 
such  a  framewori[.  On  the  contrary,  they  are  closely  interwoven  with  and  intimately 
connected  with  the  formation  of  organic  compounds,  and  their  chief  ftinction  in  the 
vegetable  economy  is  to  assist  in  the  construction  of  those  compounds.  In  other  words, 
the  growth  of  a  plant,  that  is  more  particularly  the  manu&cture  of  vegetable  products, 
is  a  function  of  its  mineral  food  elements.    Some  of  these  minerals  are  more  active  in 
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this  way  than  others,  and  certain  elements  are  esnedaUy  assodated  with  certain  pro- 
ducts. Thus  there  is  reason  to  belioTO  that  the  alkalis  are  pecnliarly  connected  with 
the  formation  of  the  carbohydrates,  phosphates  with  that  of  protein  matters,  &e. 
That  is  to  say,  an  increased  absorption  or  assimilation  of  alkalis  is  equivalent  to  an 
increased  formation  of  carbohydrates,  &c.  In  the  case  of  some  other  minerak,  no  such 
connection  can  be  traced.  Thus  Sachs  found  that  maiae,  which  generally  contains 
18*25  per  cent  of  silica  in  its  ash,  would  when  debarred  from  the  same  attain  its  usual 
height  and  bulk,  and  bear  seeds  capable  of  ^rmination  with  only  7  per  cent. 

Inasmuch  as  the  oxidising  and  destructive  portion  of  veeetable  life  is  quite  as 
essential  to  the  growth  and  welfare  of  a  plant  as  the  deoxidising  portion  which  more 
directly  leads  to  the  storing  up  of  material,  oxygen  must  also  be  considered  as  a  fiictor 
of  the  nutrition  of  plants. 

All  these  factors  are  absolutely  essential,  though,  as  has  been  said,  of  unequal  value. 
The  effects  of  increments  of  each  placed  at  the  disposal  of  a  plant  will  be  limited 
partly  by  the  nature  of  the  fiictor  itself,  and  partly  by  the  disposition  of  other  fiictors. 
Thus  increase  of  "minerals"  may  in  certain  cases  ]^rove  effectual  hr  beyond  any 
increase  in  "nitrogenous  matters,"  but  the  effect  will  depend  most  closely  on  the 
amount  of  carbonic  acid  and  solar  enersy  available  for  use.  So  carbonic  acid  and  solar 
energy  are  limited  in  their  usefulness  by  the  absence  of  soil-materials.  Practically 
speaking  however,  the  carbonic  acid  of  the  atmosphere  and  solar  energy  are  beyond 
the  control  of  man.  Consequently  the  nutrition  of  plants  is  modified  by  him  through 
variations  in  soil-materials.    (See  Maitubbs.) 

Tbe'series  of  changes  through  which  the  inorganic  elements  ot  the  food  pass  into 
the  organic  vegetable  products  are  very  impenecUy  known.  The  non-nitrogenous 
products  probably  behave  as  follows.  Aie  nuneral  matters  and  water  absorbed  by  the 
roots  pass  upwards  as  crude  sap  into  the  leaves  and  other  chlorophyll-oontaining  organs. 
Here,  under  the  influence  of  the  solar  rays,  they  min^e  with  carbonic  acid  derived  from 
the  atmosphere,  and  processes  are  set  up  which  result  in  the  liberation  of  a  certain 
quantity  al  oxygen  and  the  detention  of  carbon  and  hydro^n  as  constituents  of  certain 
oiganic  compounds.  These  resulting  compounds  may  be  either  deposited  in  theleavea 
as  starch,  &&,  or  pass  to  other  parts  of  the  plant  as  nutritious  elaborated  sap,  to  be 
deposited  or  consumed  as  occasion  demands.  The  presence  of  chlorophyll  seems  to  be 
essential  to  the  accomplishment  of  the  metamorphosis.  Thus,  when  a  seed  is  allowed 
to  germinate  in  the  dark,  a  limited  growth  takes  place,  as  the  result  not  of  any  forma- 
tion of  new  BUkterial,  but  of  a  transplantation  of  the  old.  No  chlorophyll  is  produced,  no 
starch ;  no  carbonic  acid  is  absorbed,  no  oxygen  liberated.  When  au  the  protein  sub- 
stance, starch,  &e.  of  the  seed  has  been  transplanted  into  the  stem  and  leaves  and 
deposited  there  as  protoplasm,  cellulose,  &c.,  the  plant  perishes  for  lack  of  food.  If, 
however,  before  that  occurs,  it  be  exposed  to  lights  certain  granules  of  chlorophyll, 
previously  deposited  in  the  protoplasm  of  some  of  the  leaf-cells  and  possessing  a  yellow 
colour,  gradually  become  green.  If  the  light  be  insufficient,  no  progress  is  made  beyond 
this  stage,  and  the  plant  in  this  case  too  perishes  by  starvation.  With  more  light 
starch  is  formedTin  uie  chlorophyll,  and  the  plant  lives  and  flourishes.  Since  only  in 
the  ports  where  chlorophyll  exists  is  carbonic  acid  absorbed  and  oxygen  liberated,  and 
since  only  when  there  is  chlorophyll  somewhere  in  the  plant  is  there  any  formation  of 
starch  at  all,  it  seems  reasonable  to  suppose  that  the  presence  of  chlorophyll  is  essen- 
tial to  the  construction  of  starch,  and  that  when  starcn  accumulates  in  any  part  free 
from  chlorophyll,  it  has  been  carried  thither  from  elsewhere,  not  generated  on  the  spot. 
The  fact  that  the  grten  (chlorophyllic)  parts  of  plants  absorb  the  so-called  actinic  rays 
of  the  spectrum,  has  been  consid^ed  a  proof  that  these  rays  alone  contribute  the  force 
requirea  for  the  liberation  of  oxygen  from  the  carbonic  acid.  Draper  and  D  a  u  b  e  n  y, 
however,  ntainfatin  from  direct  experiments  that  only  or  chiefly  the  luminous  rays  are 
concerned  in  the  process.  And  it  is  uncertain  to  what  part  of  the  spectrum  is  due  the 
change  to  green  chlorophyll  from  its  yellow  or  uncoloured  antecedents,  and  whether 
particular  rays  have,  any  influence  in  determining  the  formation  of  particular  varieties 
of  the  carbohydrates  and  other  compounds. 

Opinions  concerning  the  share  taken  in  the  deoxidisinff  process  by  the  mineral 
constituents  and  the  exact  stages  passed  through  by  the  caroon  are  purely  theoreticaL 
It  is  1^lknown  whether  the  oxygen  arises  from  a  direct  cleaving  of  the  carbonic  acid  or 
whether  it  is  thrown  off  at  the  end  pf,  or  by  fractions  in  the  course  of,  a  long  series  of 
changes.  It  has  been  suggested  that  the  carbohydrates  may  be  formed  by  the  carbon 
passing  through  a  series,  of  adds  of  increasing  carbon-power  for  which  the  idkalis,  &c 
(apparently  so  closely  connected  with  the  carbohydrates)  serve  as  bases. 

GHie  observations  of  Lawes  and  Gilbert  (Phil.  Trans.  1861,  iL  p.  493)  show  the 
great  rapidity  with  which  carbonic  acid  is  reduced  in  the  light,  and  oxygen  consumed 
in  the  dark,  and  support  the  opinion  that  **  there  can  be  little  or  no  oxygen  in  the  living 
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cells  of  plants  danng  the  night  or  during  doady  dayi.**  They  also  inggMt  the  "  idea  that 
there  may  be  during  exposure  to  light,  in  the  outer  oeDs  which  are  penetrated  by  the 
fun*8  rays,  a  reduction  of  carbonic  add  with  fixation  of  carbon  and  evolution  of  oxygen, 
at  the  same  time  that  in  the  deeper  cella  there  ia  taking  place  the  couTerse  prooen  of 
oxidation  of  carbon  and  formation  of  carbonic  acid.*  In  such  case  the  oxygen  of  the 
outer  cells  would  pass  inwards,  oxidising  the  more  deeply  deposited  carbon  compounds, 
while  the  carbonic  add  of  the  inner  cells  would  pass  outwaros  to  be  there  reduced. 

Some  writers  attribute  much  importance  to  the  fact  of  many  elements  being  set  free 
during  the  oxganic  changes  in  a  "  nascent  condition." 

The  career  of  the  nitrogenous  elements  of  the  plants'  food  is  slso  obscure.  It  has  been 
supposed  that  the  nitric  add  and  ammonia  absorbed  by  the  roots  pass  with  the  rest  of 
the  minend  constituents  up  to  the  leaTes,  and  are  there  elaborated  into  protein  com- 
pounds whidi  either  remain  as  ports  of  the  leaves  or  become  factors  of  tne  nutritious 
sap.  A  large  portion  of  the  nitzogenous  material  of  a  growing  plant  will  be  found  in 
the  form  of  a  constituent  of  the  so-called  protoplasm,  the  semi-fluid  occupant  of  the 
vegetable  ceU.  In  the  vitalistic  theories  this  protoplasm  is  endued  with  a  plastic  force, 
a  power  of  moulding  the  form  proper  to  the  plants  and  is  sometimes  spoken  of  as  presid- 
ing over  the  nutritive  changes.. 

The  changes  through  which  ammonia  or  nitric  add,  with  sulphuric  or  phosphoric 
add,  assumes  the  form  of  protein-substance  are  wholly  unknown. 

The  nutritive  processes  of  a  plant  are  not  the  same,  nor  is  its  compodtion  identicsl 
at  all  epodu  of  its  life.  Young  plants  are  rich  in  alkalis,  old  ones  in  earthy  and  me- 
tallic oxides  (Q-arreau,  Ann.  Sc.  Nat.  [4]  xiii. — Corenwinder,  ibid.  xiv.).  The 
'*  active  prindples  "  elaborated  by  certain  plants  often  appear  at  particular  affes  only. 
The  phenomena  of  "  migration  "  play  a  very  important  part  during  the  whole  of  tiie 
plant  s  existence.  Thus,  durinff  germination,  the  protein  matter  or  aleurtm  of  the  seed 
oeoomes  liquefied  and  the  starch  is  converted  into  dextrin,  and  perhaps  into  sugar  with 
evolution  of  carbonic  add.  The  semi-liquid  mass  formed  by  the  mixture  of  these 
bodies  then  migrates  into  the  growing  cotvledons;  stem  and  root,  or  rather  forms  them 
by  the  extendon  of  itself  through  chemical  and  morphological  changes  resulting  in  the 
buildinff  up  of  cellulose  and  cdb.  There  is  no  loss  of  protein-matter  during  this  trans- 
action, but  the  sum  of  the  starch,  dextrin,  sugar  and  cellulose  of  the  plant  are  together 
less  than  the  stardi  of  the  ori^nal  seed.  £>lar  eneigy,  carbonic  add,  and  soil-mate- 
rials being  present,  new  material  is  constructed  and  growth  proceeds.  As  the  leaves 
wither  and  die,  a  certain  amount  of  material,  namely  the  protoplasm,  is  withdrawn 
from  them  and  migrates  to  the  still  living  orsans.  Hence,  dead  leaves  consist  mostly 
of  cellulose  with  certain  other  matters  peculiarly  connected  with  that  substance,  pro- 
tein, stardi,  and  sugar*,  alkalis,  and  phosphoric  add,  being  left  in  exceedingly  small 
quantities.  As  life  advances,  growth  will  for  a  certain  time  take  place  diiefiy  in  the 
leaves  as  distinguished  from  the  roots.  Thus  Anderson  found  that  in  turnips  grow- 
ing from  July  7  to  August  11,  the  leaves  increased  more  than  four  times  as  fost  as  the 
roots.  At  a  later  epoch  the  process  is  reversed.  In  turnips  growing  from  August  II  to 
September  1,  the  roots  increased  nearly  twice  as  fast  as  tne  leaves.  That  is  to  sav,  of 
the  material  elaborated  by  the  leaves,  a  very  large  proportion  did  not  remain  in  those 
organs  but  migrated  to  the  roots.  In  turnips  srowing  from  September  1  to  October  6, 
the  leaves  were  found  to  have  decreased  in  weight,  some  leaves  in  fiict  had  withered  and 
fallen  of!^  but  the  roots  had  vastly  increased.  In  other  words,  the  migration  from  the 
leaves  to  the  root  had  been  veiy  active,  the  latter  oigans  acting  as  storehouses  for  the 
stuffs  constructed  in  the  former.  Further  on  in  lifo  another  diange  takes  place.  The 
material  amassed  in  the  root  migrates  once  more  into  the  leaves,  when  these  are  formed 
again  witi^  the  return  of  warmuL  Finally,  the  plant  flowers  and  seeds,  material  is 
withdrawn  from  both  leaves  and  root,  takes  its  last  migration,  and  finds  its  last 
resting-place  in  its  first  starting-place,  the  albumen  of  the  seed ;  Uie  dead  leaves  and 
stem  representing  very  little  more  than  so  much  cellulose.  A  very  similar  migration 
may  be  traced  in  the  storing  up  of  starch  in  the  tuber  of  the  potato,  in  the  stem  of 
the  palm,  and  in  a  multitude  of  other  instances.  The  history  of  the  metamorphosis 
and  mi^^nition  of  material  in  olives  has  been  traced  by  De  Luca  (Ann.  8c  Nat. 
(iv.),  xviii.^.  Mannite  appears  in  the  young  olive  leaves  at  first  in  very  small  quan- 
tities, but  increases  in  amount  as  development  proceeds  untU  the  epodi  of  flowerings 
when  it  begins  to  diminish.  By  the  time  the  leaves  are  withered  it  has  nearly  dis- 
appeared. It  is  also  found  in  youns;  flowers,  but  disappears  as  they  reach  perfection. 
It  occurs,  too,  in  the  unripe  fruit,  but  ffives  place  to  oil  during  maturation.  A  very 
dose  connection  is  observed  between  .chlorophyll  and  mannite  on  the  one  hand,  and 
between  mannite  and  oil  on  the  other,  the  mode  of  the  devdopment  of  the  latter  bdng 
thus  indicated.  H.  F. 

WTTJkUETBi    Syn.  with  ScASOLin. 
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The  a»h  of  the  learei  and  staUoi  of  Nymplkdn  alia  and  N,  luUa  has 
been  analysed  by  Sehnls-Fleeth  (Pogg.  Ann  Izzut.  80): 


▼OMXOA*    See  Strtchnos. 


K«0.  H*«0.  C««0.  Mi»0.  Fe«0».   SO».   8iO«.  CO«.  r«0».  KCt   NaCT. 

^<;«iS^d«JS5}^"     -.»«»•(»       O-M       1-86     0-81    n-n    718     7-88      8  78-96  88 
^.  /itfra:  old  leaves  17-91      —     80-00     8*61       0-16       1*80      M6    88-86    4*65      4*88     7*88  -  99-85 

^'   "SditollirT'*.}"'**    *•«    W»     ^'^y       ^»       I'M      «•«    M-16    8-68       ~     89-66  3.86^ 

The yoong  leaTee  and  staUcB of  N.  luteajiMed,  after  drying,  796  per  cent.  ash.  the 
old  leaves  of  the  same  10*16  per  cent,  and  the  leayes  and  st2fks  of  A.  alba  12*99  per 
cent.  '^ 


0. 


See  CasMJLLB  (L  828). 

OBBIBIAJr  and  FVMXOa.  Obsidian  is  a  glassj  modification  of  felspathic  or 
tzflchytie  lava.  Pomioe  is  a  poions,  fibrons,  eapilhuy  or  tnmefied  mass,  prodnoed  by 
the  operation  of  Tarioos  external  agencies,  chiefly  aqueons  vapour  and  a  certain  tem- 
peratore,  on  these  lavas  while  in  the  fluid  state.  Many  obsidians,  when  ignited  in  lumps, 
become  brightly  incandescent,  and  swell  np  to  a  tnmefied  mass  of  pumice,  which, 
according  to  Abich,  is  more  like  natural  pumice  in  proportion  as  the  mineral  contains 
less  silica  and  more  alkali.  Pulverised  obsidiui  does  not  exhibit  these  phenomena^ 
but  merely  turns  brown.  Obsidians  heated  above  the  point  at  which  the  formation  of 
pumice  takee  place,  melt  to  a  greenish  glass.  Similar  glasses  are  also  formed  by  the 
natural  fusion  of  pumice.  Both  pumice  and  obsidian  appear  to  be  but  little  attacked 
by  adds. 

These  minerals  may  be  divided  into  two  groups : — ^A.  Those  in  which  the  silica 
amounts  to  about  60  per  cent,  less  therefore  than  in  glassy  felspar  (iL  620);  the 
pumices  belonging  to  this  group  are  tumefied,  and  have  a  dir^  white  or  grey-flpreen 
colour. — ^B.  Those  in  whidn  the  silica  amounts  to  70-80  per  cent ;  the  pumices  bang- 
ing to  this  division  are  fibro-capillKEy,  white,  and  have  a  silky  lustre. 

a.  Obsidian  from  Teneri£fe :  specific  gravity  2*628  (Abich,  Geolo^Unters.  p.  62). 
— 6.  Pumice  from  the  same:  wpedAc  gravi^  2*477  (Abich^.—c.  Pumice  from  the 
Phlegrasan  Fields :  specific  gravity  2*411  ^Aoich). — d.  Pumice  from  Uactacunga,  at 
the  foot  of  Cotopaxi  (Abich).— «.  Obsidian  from  Lipari:  npedfic  gravity  2*370. — 
f.  Pumice  from  the  same:  specific  gravi^  2*77  (Abich). — ^.  Obsidian  porphyry  from 
the  greater  Ararat  (Abicn). — A  Obsidian  from  Moldavia,  Bohemia  (v.  Hauer, 
Jahrb.  GeoL  Beichsanst,  v.  868). 
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The  dose  agreement  between  the  analyses  of  obsidian  and  pumice  from  the  same 
locality,  for  example  a,  b  and  e,  /,  shows  that  the  two  are  merely  modifications  of  the 
same  mineral. 

The  analyses  show  also  that  obsidian  and  pumice  consist  mainly  of  felspathic  sub- 
stance; they  always,  however,  contain  small  quantities  of  earths  and  iron-oxides, 
indicatinff  an  a4pixture  of  augite,  olivin  and  magnetic  iron  om.  The  obsidian  and 
pumioe  ox  Tenenil^'X^  b)  consist  almost  entirely  of  oligodase,  which  minenl  likewise 
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oeciun  pure  in  the  midst  of  them.  The  pomioe  of  the  Fhleeneoo  fields  (e\  also  that 
of  lachia,  Ftodda^  and  the  Tolcano  of  Areqnipa  in  Bolivia,  which  contain  bnt  little  more 
than  60  per  cent  silica,  also  consist  mainly  of  oligoclase  more  or  less  pore.  l%e 
minerals  of  the  division  B,  which  contain  a  rather  large  proportion  of  potash,  appear 
to  be  mixtnres  of  free  silica  with  oligoclase  and  glassy  felspar  (ii.  620).  The  water  in 
pumice  is  merely  hygroscopic  The  small  quantities  of  chlorine  are  present  as  chloride 
of  sodium  or  chloride  of  ammonium,  which  salts  are  frequently  found  in  and  upon  lara. 
The  pumice  from  the  neighbourhood  of  Lake  Laach,  analysed  by  Schaf  f  er,  exhibits 
a  composition  different  from  the  preceding,  containing  only  about  60-58  per  cent 
silica ;  and  two  specimens  of  obsidian  from  me  great  volcano  of  Hawaii  differ  still  more 
in  composition  therefrom.  A  capillary  variety  yielded  61*19  per  cent  silica,  80*26 
ferrous  oxide,  and  18*16  magnesia  ^«  99*61);  a  glassy  variety,  89*74  silica,  10*66 
alumina,  22*29  ferrous  oxide,  2*74  lime,  2*40  magnesia,  21*62  soda,  and  0*33  water 
(<s  99*67).  The  former  appears  to  be  an  augite,  (Mg;  Fe)*SiO';  the  latter  is  also 
probably  an  augite,  but  with  an  unusually  large  quantity  of  soda.  (Rammelsberg's 
Miner<uchemie^  p.  637.) 


OCmiAy.    A  variety  of  bole  from  Orawicza  in  the  Bannat,  oontaining  81*3  per 
cent  silica,  43*0  alumina,  1*2  ferric  oxide,  and  21*0  water.    (Kersten.) 


OCKBB.  A  term  applied  to  many  metallic  oxides  ocenring  in  an  eoithy  or 
pulverulent  form :  s.^.  iron  or  red  ochre^  molybdie  ochre,  &e. 

OCBSOXTB.    An  impure  cerite  mixed  with  quarts,  analysed  by  Klaproth. 

OCBOTA  OZ&  or  OAMEVBOX.  Syn.  with  Lxusnr  or  Bat-bbbbt  Camfhob 
(iii.  476). 

OOTAMSDSITB.    Syn.  with  Akatasb  (i.  289). 

OCTTl^  Capryl  C»H".--The  eighth  aleohol-mdide  of  the  series  OH*+». 
According  to  Bonis  (Compt  rend,  xxxviii,  736)  it  may  be  separated  from  the  chloride^ 
CH'^Cl,  by  the  acetate  of  sodium  in  the  cold.  In  the  free  state  it  is  represented  by 
the  formula  C**H*^  (see  Alcohol-badiclbs,  i.  96),  and  is  isomeric,  or  perhaps  identicid 
with  hydride  of  cetyl,  C**H*'.H  (see  Htdbides,  iiL  182). 


I  or.  C*H*TBr. — Obtained  by  treating  oct^lie  alcohol  with 
bromine  and  phosphorus.  It  is  an  oily  liquid,  smeUins  like  the  chlonde^  heavier  than 
water,  insoluble  in  water,  soluble  in  alcohol  It  boUs  with  decomposition  at  190^, 
and  leaves  a  carbonaceous  residue  when  distilled ;  bums  with  a  smoky  green-edged 
flame.  It  is  decomposed  by  potash,  yielding  bromide  of  potassium  and  octjlic  alcohol, 
and  precipitates  silver-salts  in  alcoholic  solution,  but  more  sbwly  than  the  iodide. 

OOTT&,  OB&OBZSB  OV.  C^H^ 'CI.— Produced:  1.  By  the  action  of  hydio^ 
chloric  acid  or  pentachloride  of  phosphorus  on  octylic  alcohol  (Bonis,  Ann.  Ch.  f^hys- 
£3]  xliv.  128).— 2.  By  that  of  hydrochloric  add  upon  octylene  (Berthelot^  Ann.  Ch. 
f  haruL  ciy.  186). — 3.  By  Hie  action  of  chlorine  on  hydride  of  octyl  (Schorlemmer, 
Chem.  Soc  J.  xv.  419) ;  at  the  boiling  heat  (Wurtz,  Jahresb.  1863,  p.  609)  at  40O— 
60^,  avoiding  an  excess  of  chlorine  (Pelouze  and  Cahours,  Ann.  Ch.  Phaim.  cxn'x. 
91).  It  is  a  colourless  liquid,  lighter  than  water,  and  smelling  like  oraneee.  Specific 
^vity  0*892  at  18^  (Schorlemmer);  0*896  at  16°  (Pelouze  and  Cahours). 
Boils  at  176<»  (Bonis);  at  170*^— 172®  (Schorlemmer);  168°— 172<>  (Pelouze  and 
Cahours);  at  162** — 167°  (Wurtz).  It  bums  with  a  smoky  green-edged  flame,  forming 
hydrochloric  acid ;  does  not  precipitate  silver-salts ;  is  decomposed  by  potassium  or  sodium 
in  the  cold,  yidding  octyl  [or  hydride  of  cetyl]  CH** ;  but  when  it  is  heated  with  sodium 
the  metal  assumes  a  violet  colour,  hydrogen  is  evolved ;  and  if  the  ^tilled  bquid  be 
repeatedly  distilled  with  sodium  till  all  Uie  chlorine  is  removed  from  it^  the  product 
ultimately  obtained  is  octylene  C"H'*  (Bo^iis).  Chloride  of  octyl  prepared  from  the 
hydride  exhibits  the  same  reaction  as  that  obtained  from  the  aloonol ;  when  heated 
with  alcohol  and  acetate  of  potassium,  it  is  resolved  into  octylene  and  octylic  acetate. 
(Pelouze  and  Cahours.) 


k.TB  or.  Octylic  Alcohol.  Caprylic  Alcohol,  C*H".H.O. 
•—This  alcohol  is  obtained,  according  to  Bonis  and  other  chemists,  by  distilling reei- 
noleate  of  potassium  or  sodium  with  excess  of  caustic  alkali.  Others  again  assert  that 
the  volatile  products  of  this  reaction  are  heptylic  alcohol,  C'H^H),  and  methyl-oenanthyl, 
CnEl'*0.  These  opposite  views  have  alreaay  been  discussed  in  connection  with  heptylic 
alcohol  (iii  144).  As  there  observed,  we  must  suppose,  pending  the  further  investi- 
gation of  the  subject,  that  one  or  the  other  of  these  alcohols  is  produced,  according  to 
the  particular  circumstances  of  the  reaction.  The  mode  of  preparation  has  been  already 
described  {loc.  cit.).    Aco)rding  to  Limpricht  (Ann.   Ch.  Pharm.  xdiL  242),  the 
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Beparsdon  of  tho  methjl-CBiianthyl  formed  at  the  same  time,  is  nerer  rompletely 
pnected  by  means  of  add  snlphite  of  sodium,  on  account  of  the  greasy  nature  of  the 
compoiind  formed ;  and  the  only  way  of  effectually  removing  this  acetone  is  that 
adopted  hy  Bonis,  which  consists  in  repeatedly  distilling  the  liquid  oyer  fresh  lumps 
of  caustic  potash  as  long  as  any  brown  substance  remains  in  the  residue. 

Octjjrlic  alcohol  is  also  produced  by  distilling  acetate  of  octyl  (obtained  from 
American  petroleum)  with  potash.     (P  e  1  o  u  z  e  and  C  a  h  o  u  r  s,  loc.  cit. ) 

Qctylic  alcohol -is  a  colourless  transparent  oily  liquid,  haying  a  strong  aromatio 
odour  and  making  grease-epots  on  paper.  It  has  no  action  on  polarised  light 
(Bonis).  It  boils  at  ISO^)  (Bonis);  at  179<>  (Mo  schnin,  Squire);  at  180<>— 184<> 
(Pelouze  and  Cahours).  Spedflc  gravity  »  0*823  at  17^  (Bonis);  0*826  at  16<* 
(Pelouae  and  Cahours).  Vapour^ensity  oba.  >■  4*66  (Bonis);  calo.  i*  4'61. 
Jta  oompoflition  is  as  follows :  * 
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Daehauer,  by  dissolving  sodium  In  the  alcohol  (purified  by  treatment  with  acid 
sulphite  of  sodium)  and  treating  the  reeolting  mass  with  ehlonde  of  acetyl,  obtained 
acetate  of  octyl  containing  70*0  per  cent,  carbon,  and  11*9  hydrogen,  the  loirmula 
C»H»(C^»0O*  requiring  697  carbon,  and  116  hydrogen. 

Octylic  alcohol  is  insoluble  in  foater^  but  dissolves  m  alcohol^  ether,  and  wood-spirit^ 
and  very  readily  in  acetic  acid.  It  dissolves  phosphorus,  sulphur,  iodine,  fused 
chloride  of  einc,  fats,  resins,  and  copal.  It  rapidly  absorbs  hydrochloric  acid  gas, 
which  however  it  gives  off  again  when  heated.  It  combines  with  chloride  of  calcium, 
forming  veiy  deliquescent  prisms,  which  dissolve  in  cold  more  freely  than  in  hot 
octylic  alcohol,  and  are  decomposed  by  water.     (Bonis.) 

Octylic  alcohol,  when  free  from  methyl-oenanthyl,  is  not  altered  by  exposure  to  the  air, 
or  by  passine  oxygen  through  it  at  the  boiling  heat  (Bonis).  It  is  oxidised  by 
nitric  acid,  jnddinff  various  fotty  adds.  Sulphuric  acid  dissolves  in  it,  forming  octyl- 
sulphuric  add,  and  generally  also  octylene  and  neutral  octylic  sulphate,  dij  fvmv- 
inff  sulphuric  acid  it  is  converted,  first  into  octyl-sulphuric  add|  then,  on  further  action, 
into  meta-octylene  (Bonis).  Fused  chloride  of  gine  converts  it  into  octylene. 
With  glacial  phosphoric  acid  it  yields  octyl-phosphoric  add.  With  hydrochloric  acid, 
pentachlaride  of  phosphorus,  bronUns  cmdphosphorus,  and  iodine  and  phosphorus,  it 
exhibits  the  usual  reactions  of  alcohols.  With  potassium  (or  sodium)  it  yields  a  sub* 
stitution-prodnct.  Heated  with  quicklime,  it  yields  hydrogen  and  gaseous  hydro- 
carbons. It  reduces  oxide  (but  not  nitrate)  of  «M«er,  when  heated  ^t£  it^  forming  a 
metallic  mirror.    (Bonis.) 


,  _  OF.    C*H'"   -    C»H".H.    Hydride  of  Capryl— This 

hydrocarbon  is  one  of  the  constituents  of  American  petroleum,  and  is  found  in  the 
portion  of  the  oil  boilinff  between  116^  and  120^  (Pelouze  and  Cahours,  Ann.  Ch. 
Pharm.  cxxvii.  197 ;  Ji^resb.  1863,  p.  528) ;  also  among  the  light  oils  obtained  by 
distilling  Wigan  cannel-ooal  at  a  low  temperature  (Scnorlemmer,  Chem.  Soc.  J. 
XV.  419).  It  is  produced,  together  with  many  of  its  homologues,  by  the  action  of  zinc- 
chloride  on  amylic  alcohol,  passing  over,  together  with  octylene,  in  the  portion  oi 
liquid  which  distils  between  110^  and  130^ ;  and  on  treating  this  distillate  with 
bromine,  which  unites  with  the  octylene,  and  distilling  again  under  a  pressure  of  20  mm., 
the  octylic  hydride  passes  over  at  80°  (Wurtz,  Ann.  Ch.  Pharm.  cxxviii.  230; 
Jahresb.  1863,  p.  609).  It  is  a  colourless  liquid,  having  a  faint  ethereal  odour, 
boiling  at  119°  (Schorlemmer),  at  116«— 118«>  rWurtz),  at  116°— 118<*  (Pelouze 
and  Cahours).  Specific  gravity  •-  0*728  at  0^  f Wurtz).  Vapour-density  4*01 
(Wurtz),  calc.  »  3*947.    Chlorine  converts  it  into  chloride  of  octyL 


I  OF.  C^»1.  (Bonis,  Ann.  Ch.  Phys.  (3]  xliv.  131. 
— Squire,  Chem.  Soc.  Qu.  J.  vii  108.) — Obtained  by  the  action  of  iodine  and  phos- 
phorus on  octylic  alcohoL  It  is  an  oily  liquid,  having  an  odour  of  oranges,  boiling' 
with  decomposition  at  211**  (Bonis),  at  193°  (Squire).  Spedfic  gravity  —  1*81  at 
16*^  (Bonis).  It  bums  with  a  smoky  flame,  and  turns  red  on  exposure  to  light 
Heated  with  aleohoUc  ammonia,  it  yields  hydriodate  of  octylamine  (Squire,  Cahours, 
Bonis);  if  the  octylic  iodide  is  in  excess,  di-  and  tri-octylamine  are  likewise  formed 

*  The  aiuityMi  of  caator-oU  alcohol  which  agree  more  nearlj  with  the  T-carboa  formula,  have  bera 
already  given  (ill*  14Q. 
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(Bonis).  With  9o<iium  or  potaasiiim,  it  behaTW  like  the  chloride.  Heated  with  wyk 
tosulphide  of  sodium  in  alcoholic  eolntion,  it  fbrma  anlphide  of  octyl  and  iodide  of 
aodinm.  Heated  with  mtroury,  it  yields  meicnroos  iodide^  octylene^  and  free  hydrogen. 
Its  alcoholic  solution  precipitates  tUver-iolU.    (Bonis.) 

OQTTMh  OZIBB  or.  (C*H")H)  ?— Obtained,  thonjdi  not  pore,  br  distillins 
octylate  of  sodinm  with  chloride  of  octyl;  also  by  distilling  octylic  alcohol  with 
snlphnric  add,  the  acid  being  heated  in  a  retort  and  the  alcohol  allowed  to  flow  in 
slowly.    (Bonis.) 

OORXv  muianaXDm  or.  (0^i')*S.~When  an  alcoholic  solution  of  proto- 
snlphide  of  sodium  is  heated  with  iodide  of  octyl,  till  the  mixture  becomes  turbid, 
sulphide  of  octyl  separates  as  an  oily  liquid,  lighter  than  water,  and  having  an 
unpleasant  odour.  It  is  slightly  soluble  in  akohol;  decomposes  when  heated. 
(Bonis.) 


Capfylamine.    C»H»»N    -   C«H".H»JJ.     (W.   a    Squire. 

Chem.  Soc.  Qu.  J.  yii.  108. — Cahours,  Ann.  Gh.  Pharm.  zciL  399.  — ^Bouis, 
Ann.  Gh.  Pbys.  [3]  xUy.  139.— Felons e  and  Cahours,  Jahresb.  1863,  p.  629.) — ^A 
base  produced  by  heating* alcoholic  ammonia  with  iodide  of  octyl  (Squire,  Cahours, 
Boms),  or  with  the  chloride  (Pelouze  and  Cahours) ;  also  br  distilling  a  mixture 
of  octylsulphate  and  cyanate  of  potassium,  and  treating  iJie  resulting  distiBate  (which 
CEystalliBes  readily,  and  probably  consists  of  cyanate  and  cyanuiate  of  octyl)  with 
potash.    (Bonis.) 

Octylamine  is  a  colourless,  bitter,  yeiy  caustic,  inflammable  liquid,  haying  an  ammo- 
niacal  fishy  odour.  Specific  grayi^  0*786  (Squire).  Boiling  point  164^  (Squire) ; 
172<>— 1760  (Cahours);  175°  (Bonis);  168<>— 172<>  (Pelouse  and  Cahours). 
Octylamine  is  insoluble  in  water.  It  precipitates  metallic  salts^  and  dissolves  chloride 
of  silver.  With  iodide  of  octyl,  it  yields  di-  and  tri-oc^lamine.  With  the  chlorides  of 
hengoyl  and  ewmyl,  it  forms  oc^l-bisnzamide  and  octyl-cumylamide.    (Cahours.) 

Oc^lamine  unites  i^&diJT  ^th  acids.  The  hydriodate,  C'H^'NI,  forms  large  plates, 
easily  soluble  in  water.  The  hydroehlorate,  C*H*"C1,  is  veiy  deliquescent,  but  ulti- 
mately (systallises  in  vacuo,  in  large  nacreous  plates.  The  chioroawrate,  CH*"NAuCl*, 
is  deposited  from  dilute  solutions  in  shining  yellow  laminft  resembUng  iodide  of  lead. 
The  chloroplatiTuUe,  CH'*NPtCl',  separates  from  boiling  solutions  in  shining  golden- 
yellow  scales  or  large  thin  plates,  easily  soluble  in  alcohol  and  ether.  The  nitrate, 
CH^N.NO',  and  mdphate,  (C«H"N)>SO«,  are  oystaUisable  and  readily  soluble  in 
water. 


CapryUM,  CH*'. — ^This  h^rdroearbon  is  produced,  as  already  men- 
tioned, by  heating  octylic  alcohol  with  sulphuric  acid  or  fosed  chloride  of  sine  (Bonis); 
by  heating  iodide  or  ddoride  of  octyl  with  sodium  or  mercury  (Bonis);  by  beating 
chloride  of  octyl  with  alcoholic  potash  ^Pelouze  and  Cahours) ;  also,  toother  with 
several  other  olefines  and  many  alcohohc  hydrides,  by  the  action  of  chloride  of  sine  on 
amylic  alcohol  (Wurts).  It  is  also  formed  together  with  hydrc^n,  marsh-gas,  and 
other  gaseous  hydrocarbons,  when  pelarffonic  acia  is  distilled  with  potash-Ume,  consti- 
tuting the  greater  part  of  the  liquid  distillate  thus  obtained,  which  passes  over  between 
106^  and  110^  ^Cahours,  Compt.  rend.  xzxi.  143).  It  may  be  obtained  in  Uke 
manner  from  otaer  fiitty  acids,  vis.  cenanthylic,  capryllc,  palmitic  acid,  &c.,  and 
appears  to  be  produced  in  the  distillation  of  most  fixed  oils. 

Octylene  is  a  very  mobile  oil,  lighter  than  water  and  insoluble  therein,  very  soluble 
in  alcohol  and  ether.  It  boils  without  decomposition  at  125°  (Bonis);  at  116^  — 
120°  (Cahours);  at  118°— 120°  (Pelouze  and  Cahours);  below  120°  (Wurtz) ; 
at  116«>— 117°(Schorlemmer).  Vapour-density,  obs.  =  3-86— 3*90  (Bonis);  40 
(Wurtz) ;  4-17  (Schorlemmer) ;   calc  =  3-878.    It  bums  with  a  very  bright  flame. 

It  is  violently  attacked  bv  strong  nitrie  acid,  yielding  nitro-  and  dinitro-octylene 
(Cahours).  When  treated  first  with  sesqui-hvdrated  nitric  acid,  2HNO*.3H*0,  and 
then  with  a  mixtnre  of  lomioff  nitric  add  and  ou  of  vitriol,  it  yields  dinitro-octy  lene, 
CH'^KO')*,  which,  after  washing  and  drying,  forms  an  oily  liquid,  heavier  than  water, 
and  slightly  soluble  in  water,  forming  a  solution  having  a  strongly  irritating  odour.  It 
is  decomposed  by  distillation,  giving  off  red  vapours,  leaving  a  Uack  residue,  and  yield- 
ing a  distillate  of  nitro-octylene,  CH"NO*,  a  liquid  possessing  similar  properties. 
Octylene  is  not  attacked  by  sodium,  but  if  dry  chlorine  aaa  is  passed  into  the  liquid,  a 
violet-coloured  compound  having  the  composition  0"H>*ClNa*  or  CH**Na.NaCl,  is 
formed,  with  evolution  of  hydrogen.  With  iodine  and  bromine^  corresponding  com- 
pounds are  formed.    (Bonis.) 


C'*H"  ? — A  hydrocarbon  polymeric  with  octylene,  obtained  by  the 
prolonged  action  of  fuming  sulphuric  acid  on  octylic  alcohol.  When  purified  by  wash- 
ing wiUi  water,  alcohol  and  aqueous  potash,  it  forms  a  colourless  inodorous  liquid  of 
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spedlie  grsvii^  0*814  at  Iff^,  and  boilins  with  dfloomposition  at  26QP,  It  \b  inaoloble 
in  water,  neany  inaolnble  in  oold  aloohic^  hanm  with  a  faii^t  flame^  ia  not  acted  on  hj 
boiling  potaah.    (Bonia.)  

OCTTUnni*  ACrSTATB  or.  0>*H*H)«-/^iQTl|o*— Obtained  by  heating 

an  ethereal  eolation  of  the  bromide  with  acetate  of  ailver  to  100^.  It  is  a  thick  oily 
liquid,  boiling  between  240<'  and  246<>  (Wnrtx);  245<'  and  26(P  (De  Clermont). 

OOnXHn*  BSOMZBB  or.  C>Hi«Bi*.— Produced  by  direct  combination 
(e.ff.  by  the  action  of  bromine  on  the  mixture  of  octylene  and  octylic  hydride  occomng 
amongrt  the  products  of  the  decomposition  of  amylic  alcohol  by  chloride  of  cine).  & 
is  an  amber-coloured  heayy  liquid,  which  cannot  be  distilled  without  decomposition, 
eren  in  rarefied  air.    (Wurtz.) 


lTB  or.  Cra»«0«  •  (C«H'«)".mO«.  Oetylie  Glycol 
Oetylenie  aleokoL  (P.  JO  e  Clermont,  Compt  rend.  lix.  8Ct;  Ann.  Ch.  Pharm.  SuppL  iii. 
264.)--Obtained  b^  decomposing  the  acetate  with  finely  pulverised  potash  added  by  small 
portion8,diBti11ing  m  an  oil-bath,  repeating  the  whole  process  scTeral  times,  and  purifying 
the  product  b^  nactaonal  distillation.  It  is  a  thick,  oily,  colourless,  inodorous  liquid 
having  a  buzning  azomatie  taste,  insoluble  in  water,  soluble  in  alcohol  and  in  ether. 
Spedfie  giavity  -  0-932  at  0^,  and  0*920  at  29^    Boils  between  235^  and  240°. 


.TOcn&oBZBB   or. 


(m"ao  -   (c-H-^'^j 


Oeiylemo  Cklorhfdrin, — ^This  compound  is  foimed :  1.  By  the  action  of  strong  hydro- 
chloric acid  on  octylenic  alcohol  ;^2.  By  the  action  of  hypochlorous  acid  on  octylenei 
The  first  reaction  yields  a  yety  impure  product  To  prepare  the  compound  by  the 
second,  pure  octylene  is  added  to  a  solution  containing  2  or  8  per  cent  hypochlorous 
add,  obtained,  according  to  the  method  of  Carina  (Ann.  Ch.  PharnL  cxztl  195),  by 
agitating  chlorine  gas  as  free  as  possible  from  air,  with  mercuric  oxide  previously 
heated  to  800^,  ana  sui^iended  in  a  small  quantity  of  water.* 

The  product  is  a  mixture  of  mercuric  oxychluride^  water,  and  hydratochloride  of 
octylene.  The  latter  is  extracted  by  ether,  the  mercury  precipitated  by  sulphydrio 
add,  the  excess  of  add  neutralised  bjr  carbonate  of  sodium,  and  the  liquid  submitted 
to  fractional  distillation.  The  hydratochloride  is  then  obtained  nearly  pure,  in  the 
form  of  an  aromatic  liquid  boiling  between  204^  and  208^.    (D e  Clermont  'oc.  eii.) 


A  vegetable  wax  obtained  from  the  fruit  of  Myriatiea  oeuba, 
officmalia  or  sebtfera,  a  plant  growing  abundantly  in  the  marshy  grounds  on  the  shores 
of  the  Amason  and  its  tributaries.  The  shelled  fruit,  bruised  and  boiled  with  water, 
yields  from  18  to  19  per  cent  of  the  wax,  which  is  yellowish-white,  of  the  consistence 
of  bees-wax,  melts  at  88^,  dissolves  in  boiling  alcohol.  It  contains,  according  to  Lewy's 
analysis,  74*0  per  cent  carbon,  11*8  hydrogen,  and  14*7  oxygen,  but  is  most  probably  a 
mixturo  of  dinerent  fats.  Jt  is  easily  bleached,  and  is  used  extensively  in  Biasil  for 
the  manufacture  of  candles. 


OABCTXta  (Anderson,  Ann.  Ch.  Pharm.  IxiiL  870.) — When  hta  or  oils  contain- 
ing oleic  add  are  distilled  with  sulphur,  a  fetid  oil  passes  over,  which  may  be  separated 
by  reetiflcation  into  several  others,  the  first  of  which  is  a  limpid  oil  boiling  at  about 
71^ ;  but  the  quantity  of  this  limpid  oil  is  but  small,  and  it  is  not  found  possible  to 
obtain  fractions  of  constant  boiling  point  The  crude  oil  dissolved  in  alcohol  yields 
predpitates  with  various  metallic  salts.  With  mercuric  chloride^  a  white  predpitate 
IS  fonned,  yielding  by  analysis,  14*61  per  cent  carbon,  2*72  hydrogen,  60*01  mercuxr, 
10*26—10*67  chlorine,  and  12*48  sulphur,  whence  Anderson  deduces  the  formula 
0^9^.%^(M  -f-  C^£^&,Bg^8,  regarding  the  predpitate  as  a  compound  of  mercuric 
chloride  and  mercnrous  sulphide  wiui  the  body  (r^S't  which  he  calls  sulphide  of  odmyl, 
Gerhardtk  on  the  other  hand  (TraiU,  ii.  687X  suggesto  the  formula  C^IPHffSJfyCl. 
(requiring  14*76  C,  2*80  H,  6 1*22  £^,  1 1*07  CI  and  10*15  S^,  representing  it  as  a  compound 
of  mercuric  diloride  with  mercuric  sulphotetiylate  (analogous  to  mercuric  sulpnethy- 
late  or  mercaptide^  ii.  548).  The  mercury  predpitate  suspended  in  water  is  blackened 
and  decomposed  by  sulphydric  add,  and  the.Uquid  ^elds  by  distillation  a  limpid  oil, 
lighter  thui  water,  and  having  a  repulsive  odour  like  that  of  certain  umbelliferous 
plants.    This  oil  (regarded  by  Anderson  as  sulphide  of  odmyl,  but  perhaps  consisting 

*  Tbe  propoitkMU  reaalred  ar«  15  grmf.  mercuric  ozlda  to  a  litre  of  chlorine.  The  agitation  mutt 
be  performed  In  m  dark  place  and  In  bottles  not  containing  more  than  a  litre.  With  larger quantltlef,  tbe 
proeen  ialU  from  formattoo  of  mercuric  chlorate.  Pure  hypochlorous  add  It  not  well  ada,.ted  for  ex- 
prrteenta  like  the  above,  at  it  easUy  gtvet  off  chlorine,  even  lu  dilute  tolution.  Tbe  lolution  obtained 
at  jott  deterfbed  thoold  therefore  be  mixed  with  a  tmall  additional  quantity  of  mercuric  oxide  pre- 
viouilj  heated  to  iOQP  and  tutpeadedlu  a  tmail  quantity  of  water.    (Garlnt.) 
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of  tatxyl-siilpliydrio  add,  ov  tetzyUe  mereaptan)  g^Tes  with  aloc^lie  mercnrie  dikrida 
a  white  precipitate  exactly  reeemblmg  the  preceding,  and  with  platinic  chloride  a 
yellow  precipitate  simiLir  to  that  obtained  with  the  lunpid  oil  obtaincsl  by  zectifyixig 
the  crude  aiuphiizetted  oiL 


OSO&m.  A  volatile  b^se  obtained  by  Unverdprben  from  bone-oiL  It  appean 
to  have  been  impiue  picoline. 

See  TuBaxTOXS. 

CO  AOZB  and  BTKJBB*  (Liebig  and  Felonse,  Ann.  Ch.  Phann. 
jdz.  241. — ^D  elf  fa,  ilrid,  l^r"  290). — The  name  ODnanthic  ether  was  given  by  Liebig 
and  Pelooxe  to  an  ethereal  liquid  which  exists  in  all  wines  and  is  the  source  of  their 
peculiar  odour,  causing  a  few  drops  of  wine  left  in  a  bottle  to  be  distinctly  smelt^ 
whereas  a  mixture  of  pure  alcohol  and  water  of  the  same  alcoholic  strength  as  wine 
has  scarcely  any  odour.  This  ether  remains  in  small  quantity  as  an  oily  liquid,*  when 
large  quantities  of  wine  are  distilled ;  it  may  be  obtained  with  greater  fiunlity  by 
distilling  wine-lees  with  half  its  bulk  of  water,  taking  care  that  the  mass  does  not 
carbonise.  The  distillate  contains  a  small  quantity  of  free  add  fh)m  which  it  may  be 
freed  by  washing  with  aqueous  carbonate  of  sodium. 

When  thus  puified  and  dried,  csnanthio  ether  is  a  Teiy  mobile  liquid,  having  a  veiy 
strong  vinous  odour,  almost  intoxicating  when  inhaled.  Its  taste  is  veiy  strong  and 
disagreeable.  It  dissolves  easily  in  eth^  and  in  alcohol,  even  when  the  latter  is  rather 
dilute,  not  perceptibly  in  water.  Sp.  gr.  «-  0*862  (Liebig  and  Pelouze);  0*8725  at 
15-60(Delffs).  Boils  between  225^  and  280^'  (L.  andP.);  at  224<>  (Delffs).  It  gives 
by  analysis  70*5 — 71*5  per  cent  carbon  and  11*8 — 12*1  hydrogen,  whence  liebig  and 
Pelouae  deduce  the  formula  CWO^  (ealo.  720  i>er  cent  C  and  12*0  H),  regarding 
the  compound  as  the  ethvlic  ether  of  osnanthic  add,  C^*B}*0*.  DeLQb,  on  the  other 
hand,  considers  it  to  be  identical  with  pelargonate  of  ethyl,  C^H**0*  or  0*'H**0'  « 
C*Hi'(CH*)0*,  (requiring  71<0  per  cent  C  and  11*8  H).  The  vapour-density  is  9*8 
according  to  Liebig  and  Pelouse;  7'04  at  270^  aooording  to  Dellb;  the  calculated 
vapour^ensity  of  pelazgonic  ether  is  6*46. 

Bjr  treating  oananthio  ether  with  an  alkali,  and  decomposing  the  product  with  sul- 
phuric add,  (Bnanthio  acid  is  obtained  as  an  oil  which  may  be  washed  with  warm 
water,  and  dried  with  iehloride  of  caldum,  or  in  vacuo  over  oil  of  vitrioL  Thia 
add  forms  at  18^  a  colourless  buttery  mass,  melting  at  a  higher  tempecature  to  a 
colourless,  tasteless,  inodorous  oil,  which  reddens  htmus,  and  dissolves  easily  in  alkidis 
and  alkaline  carbonates,  also  in  ether  and  in  alcohol.  It  contains,  according  to  Liebig 
and  Pelouze,  68*6 — 67*5  per  cent  carbon,  and  11*6  hydrogen,  whence  they  deduce  the 
formula  0*B}*C^  (calc.  68*85  C,  and  11*5  H).  Delffi,  on  the  other  hand,  regards  it  as 
pelargonic  acid,  C^*H»0*  or  O'H^'O',  which  requires  68*35  C  and  11*40  H.  The 
silver-salt  gives  by  analysis  35*7  per  cent  silver  (L.  and  P.);  27*1  (Mulder);  40*5 
(Delffs) ;  pelargonate  of  silver  contains  40*75  per  cent 

(Enanthic  acid,  when  distilled,  ilrst  gives  off  a  mixture  of  water  and  the  unaltered 
add,  afterwards  the  so-called  anhydrous  ananthio  add^  0*B}*0^,  in  the  form  of  a 
liquid,  which  begins  to  boil  at  260^,  solidifies  at  81^,  and  contains,  according  to  Liebig 
and  Pebuze,  73*3 — 74*3  C,  and  12*2  H.  Now,  as  pelariKonio  add  when  heated  distils 
altogether  unaltered,  Liebig  still  regards  cenanthic  add  as  distinct  from  pelargonic 
add.  The  point,  however,  requires  further  investigation,  as  it  is  evident  that  neither 
the  add  nor  the  ether  has  been  obtained  pure.  According  to  Pise  her  (Ann,  Ch. 
Pharm.  cxv.  247)*  the  so-caUed  osnanthic  add  is  a  mixture  of  capric  and  caprylic  adds. 

cmiowBiiMrtmc  Add  and  Sther.  Malaguti  (Ann.  Ch.  Phys.  [2]  Ixx.  863), 
by  treating  (snantbic  ether  with  chlorine,  obtained  a  bitter,  fragrant^  syrupy  liquio, 
sparingly  soluble  in  alcohol,  having  a  spedflc  gravity  of  1*2912  at  16^,  decomposed  by 
distillation,  and  containing  37*15  per  cent  G,  6*30  H,  and  48*65  Gl,  whence  he  deduces 
the  formula  (?*H}*Cl*C^.  When  decomposed  by  potash,  it  yields  an  oily  add  containing 
43*2 — 43*4  per  cent  0,  6*3 — 6*6  H,  and  36*0 — 36*3  CI,  agreeing  approximately  with 
the  formula  C*H^'CPO^. 

For  farther  details  respecting  all  these  compounds,  see  Gmdin*s  Handbook^  xii 
455—460. 


C^H'*0  -  CH^CH.  Ht/drids  of  (Flnanthfl  (Enanthylie 
Aldehyde,  (Bussy  and  Lecanu,  J.  Pharm.  xiii.  62. — ^Bussy,  ibid.  [3]  8,  321. 
—A.  W.  Williamson,  Ann.  Ch.  Pharm.  Ixi.  38.— Tilley,  PhiL  Mag.  ^-riii  81.— 
Bertaenini,  Ann.  Ch.  Pharm.  Ixxxv.  281.— Bonis,  Ann.  Ch.  Phys.  xliv.  87.) — 
This  body,  which  is  the  aldehyde  of  cenanthylic  add,  and  isomeric  with  butyrone,  is 

*  A  Bi^id  substance  railed  cenanthic  ether,  which  Is  mannfartored  In  Bavaria,  aad  used  for  flavouring 
inferior  wines,  was  exhibited  by  M.  Llcbcenberger  in  the  International  Kxhibition  of  186S.  iHi^amn*a 
Keporty  p.  118.) 
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produeed  by  the  diy  diBtOlation  of  castor-oil;  also,  aocoiding  to  Petersen  (Ann. 
Ch.  Pharm.  Ixzxr.  281),  tc«ether  with  pzopylie  aldehyde  and  other  prodaGtB»  by  the 
diy  distillation  of  sebate  of  caldnm. 

PreparaUon, — 1.  The  yellow  oily  distillate  obtained  by  the  dry  distillation  of 
castor-oil  is  separated  fiiom  the  wateiy  liquid  and  distilled  with  five  or  six  times 
its  bulk  of  water ;  the  distillate,  consisting  of  oDnanthol,  with  small  quantities  of 
acrolein,  oenanthylic  acid  and  oily  &tty  adds,  is  shaken  up  with  6  pts.  by  weight  of 
water,  which  dissolves  out  the  greater  part  of  the  acrolein,  and  asam  distilled  with 
pure  water,  till  no  more  oily  liquid  remains ;  ibis  distillate  is  shalcen  up  with  weak 
baryta-water  till  it  no  longer  eidiibits  an  acid  reaction,  then  decanted  and  distilled ; 
and  the  portion  which  goes  over  between  155^  and  168^,  is  collected  apart  (below  150° 
acrolein  distils  ovw).  The  pure  OBnanthol  thus  obtained  is  dehydrated  by  chloride  of 
calcium  (Bussy,  Williamson). — 2.  The  product  of  the  dry  distillation  of  castor- 
oil  is  shaken  up  with  a  solution  of  carbonate  of  potassiam,  whereby  a  solution  is  formed 
which  when  heated  to  the  boiling  point  yields  tlie  oenaQthol  as  a  separate  layer  on  the 
surface ;  this  liquid  is  removed  and  treated  with  a  moderately  concentrated  solution 
of  acid  sulphite  of  sodium,  which  dissolves  the  osnanthol  and  leaves  an  oily  liquid 
smelling  like  a  fixed  oil.  The  solution  on  cooling  deposits  sulphite  of  cenanUiol  and 
sodium,  which  must  be  dried  and  decomposed  with  warm  water  containing  hydro- 
chloric or  sulphuric  add  (Bertagnini).    See  also  Delf  f  s  (Jahresb.  1860,  p.  320).  * 

PropertieB, — (Enanthol  is  a  transpsrant^  colourless,  rwy  mobile  liquid,  of  sp.  gr. 
0*827.  It  has  a  strong,  not  unpleasant  odour,  md  a  taste  sweet  at  first,  but  afterwards 
persistently  shiup.  Infracts  h^t  strong.  Boils  between  166^  and  158^  (Bussy) ; 
156<'andl66o (Williamson);  at  ld60(Tilley);  between  151<>and  152<>(Stadeler, 
Jahresb.  1857,  p.  360).  Vapooi^ensity  i-  4*138  (Bussy);  from  4*08  to  5-01 
(Bonis):  by  calculation  3*962. 

It  dissolyes  very  spaxingly  in  water,  imparting  its  odour,  and  mixes  in  all  proportionB 
with  alcohol  and  ethir. 

When  moist  (snanthol  is  exposed  for  some  time  to  a  low  temperature,  it  yields 
colourless  erystals  of  a  hydrate  2C*H'*0.H'0,  smelling  like  cananthol  itself  (Bussy.) 

Ikcompo9iiion8,^\,  When  cenanthol  is  subjected  to  continued  distillation,  the 
boiling  point  rises,  and  the  residue  in  the  retort  exhibits  a  greater  amount  of  carbon 
(Tilley,  Bouis). — 2.  In  contact  with  the  air,  it  absorbs  oxygen  and  turns  sour;  when 
shaken  up  with  oxygen,  it  may  absorb  as  much  as  10  per  cent. ;  at  the  boiling  point 
the  absorption  goes  on  fiister  (Bussy). — When  oananthol  which  is  kept  cool,  is 
gradually  mixed  with  a  quantity  of  hroTwine,  suffldent  to  render  the  brown-red  colour 
permanent,  and  repeate^y  distilled  with  water,  a  colourless  liquid  is  obtained,  which 
turns  brown  when  dried  by  chloride  of  caldum,  or  over  oil  of  vitriol,  and  after  being 
freed  from  dissolved  hydrobromic  acid  by  caustic  soda,  contains  40*90  per  cent.  C, 
6-53  H,  and  from  44*6  to  45*7  Br  (Crff'BrO  requires  43-6  per  cent  C,  6*7  H,  and 
41*4  Br).  On  diBt.illing  it  with  water,  a  brown  resin  remains  in  the  retort  When 
cenanthol  is  mixed  with  iodine  andphosphories,  a  violent  explosion  ensues  (Li  mpri  ch  t). 
-  4.  (Enanthol  is  oonyerted  by  cold  nitric  acid  of  ordinary  strength  into  metoenan- 
thol;  when  distilled  with  2  pts.  of  a  mixture  of  1  vol.  strong  nitric  acid  and  1  vol. 
water,  it  is  gradually  converted  into  cenanthyUc  add  (Bossy).  When  (snanthol  is 
heated  with  2  pts.  of  strong  nitric  acid,  great  heat  is  producecC  red  vapours  are  given 
off,  and  the  greater  part  of  the  (enanthol  is  destroyea  (Bussy).  When  cenanthol  is 
added  by  drops  to  t£tojig  nitric  acid  contained  in  a  retort,  a  violent  action  takes  place, 
and  a  mixture  of  nitracrol  (p.  68),  cenanthylie  add,  caproie  add  and  nitric  acid  distils 
over,  the  liquid  in  the  retort  containinff  oBuanthylie  and  caproie  adds  (Tilley). — 
6.  With  chlorine,  oenanthol  forms  hydrochloric  add  and  chloroenanthol  (Williamson). 
— 6.  CEnanthol  dropped  upon  erystallised  chromic  acid  takes  fire  with  violent  explosion ; 
dilute  chromic  acid  converts  it  into  <snanthylie  add  (Bussy). — 7.  With  fuming  oil  of 
titrid,  it  forms  a  conju^ted  acid,  which  yields  cnystallisabie  salts  with  baryta,  lime, 
and  oxide  of  lead  ^Bouis). — 8.  When  repeatedly  distilled  OTesr  pho^horic  anhydride, 
it  yields  oenanthylene  (Bonis). — 9.  With  pentachloride  of  phospAonu,  it  becomes 
strongly  heated,  and  yields  a  distillate,  which  when  freed  from  oxvchloride  of  phos- 
phorus by  repeated  washing  with  water,  and  from  excess  of  cenanthol  by  agitation  with 
add  sulimite  of  sodium,  consists  of  nearly  pure  chloride  of  heptylene  (Limpricht). — 
10.  (Enanthol  dropped  upon  fused  hydrate  o/potasait^  gives  off  hydrogen,  and  forms 
cenanthylate  of  potassium  (Tilley). 

C'H"0  +  KHO    =    C'H"KO»  +  H*. 

When  it  is  mixed  with  a  strong  aqueous  solution  of  potash,  considerable  rise  of  tem- 
perature takes  place,  and  a  salt  of  oenanthylic  add  is  produced,  together  with  an  oil. 
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whieh  is  decomposed  by  Btmple  diBtillattoD,  and  after  being  waabed  or  diatilled  with 
water,  contains  76*4  per  cent  C  and  12*4  per  cent  H,  and  is  therefore  not  cenanthoL 
Heated  with  alcoholic  potash,  cenanthol  yields  oenanthrlic  add,  and  an  oil  which  when 
dried  by  (^oride  of  Gudnm,  containa  77*1  per  cent  C  and  12*7  H.     (Williamson.) 

11.  Distilled  with  quiddime^  it  yidds  a  distillate  containing  heptylene,  octylene, 
nonylene,  and  a  hydrocarbon  of  stiU  higher  boiling  pointy  also  heptylic  alcohol  and 
smanUiyl-acetone,  or  hezyl-«enanthyl,  C**H*'0.    (Fit tig,  Ann.  Ch.  Pharm.  cxviL  76.) 

12.  An  alcoholic  solution  of  cenanthol,  throngh  which  kydroekloric  acid  gas  is  passed, 
yields  cenanthylate  of  ethyl  (Tilley). — 13.  CEnanthol  reduces  nt^rafe  of  silver;  whefi 
It  is  mixed  with  ammonia  and  nitrate  of  silver  added,  a  white  precipit4ite  is  formed, 
which  is  reduced  by  heating,  and  silvers  the  vessel.   (Bnssy.) 

14.  (Enanthol,  gently  heated  with  etnoeihyl,  forms  a  compound  oontuning  C'*H"0, 
together  with  hydride  of  ethyl  and  hydrate  of  zinc : 

4(rH»«0  +  Z«n(C^H»)«    -     2C»«BP^)  +  2C«H«  +  ZinH«0«. 

The  compound  C'^H^H)  is  not  of  constant  boiling  point.  (Bieth  and  Beilstein, 
Ann.  Ch.  Fharm.  cxxvi  241.) 

Combinations.  «.  With  Ammonia. — (Enanthol  absorbs  a  Isix^  quantity  of  am- 
monia gas,  forming  at  first  a  crystalline  compound,  which  afterwards  hquefles  and  is  com- 
pletely decomposed  by  water  (Tilley,  Limpricht)— This  ammoniacal  compound, 
gently  heated  with  hvdroc^ranic  and  hydzocnloric  acids  (ss  in  the  preparation  of 
alanine  from  valeraldehyde^  i  63)^elds  a  vellowish  amorphous  body,  which  eiystaUises 
ftom  strong  hydrocfalorie  acid  in  needles,  and  appears  to  have  the  composition 
CHi'NO'jaCL     (Erlenmeyer  and  Schiiffer,  Jahresb.  1868,  p.  866.) 

3.  With  Acid  Sulphites  of  Alkali-metals. — (Enanthol  unites  directly  with 
these  salts,  forming  more  or  less  crystalline  compounds,  which  may  likewise  be  obtained 
bv  passing  sulphurous  anhydride  into  *  recently  prepared  solution  of  cenanthol  in 
aloonolic  ammonia,  potash  or  soda. 

The  ammonium'SaUy  C'H>'(NH^)SO',  fonns  small  shining  prisms,  sparingly  soluble 
in  water  and  in  alcohol.  They  are  decomposed  by  boiling  witn  water,  ^ring  off  cenan- 
thol, and  leaving  a  solution  of  acid  sulphite  of  ammonium.  Heated  with  potash-lime, 
or  by  itself  in  a  sealed  tube  to  260<>— 270^  it  yields  tri-heiqrUmine,  C'^H^N  - 
NrC^**)*.    (Petersen  and  Gossmann,  Jahresb.  1867,  p.  388.) 

The  potassium-saU  is  obtained  as  a  pulpy  mass,  which  gnuiually  becomes  oystallina^ 
and  sepaiates  from  alcoholic  solution  in  small  needles. 

The  sodtum-salt,  CrHi«KaS0*.2H'0,  crystallises  in  very  brilliant  interlaced  scales^ 
unctuous  to  the  touch,  and  erhaling  the  odour  of  cenanthoL  They  dissolve  easilv  in 
water,  either  cold  or  warm,  without  decomposition,  but  the  solution  is  decomposed  by 
boiling  especially  in  presence  of  an  add  or  an  alkali,  drops  of  cenanthol  separatinff 
out  The  crystals  di«olve  veiy  easily  in  hot  alcohol,  but  are  nearly  insoluble  in  cold 
alcohol. 

The  aqueous  solution  forms  with  salts  of  barium,  lead,  or  silver,  copious  predpitates 
containing  cenanthol  chemically  combined. — Ammonia  added  to  the  aqueous  solution 
forms  an  abundant  curdy  precipitate,  which  soon  disappears,  oily  drops  collecting  at 
the  same  time  on  the  surfiice  of  the  liquid. — The  cold  aqueous  solution  is  not  decom- 
posed by  addition  of  a  laise  quantity  of  sulphuric  or  hydrocMorie  acid,  the  compound 
even  crystallising  unaltered  from  an  add  solution.  Chlorine  and  hnmiins  decompose 
it  instantly  at  ordinary  temperatures ;  iodine  only  wiUi  aid  of  heat 

TucHLOiMBirAirrHOX.,  C*H"C1H). — Koduced  by  the  action  of  chlorine  gas  on  cenan- 
thoL It  ie  a  visdd  oil  heavier  than  water,  and  having  an  ag^eable  odour  somewhat 
like  that  of  caoutchouc    It  blackens  when  distilled,  giving  off  hydrochloric  acid. 

Metomaiitlitflp  U'H'^O. — ^This  compound,  isomeric  with  cenanthol,  is  produced 
by  agitatiuff  the  latter  with  nitric  add  at  0°.  If  the  liquid  be  then  left  to  itself  for 
24  hours,  then  poured  into  a  shallow  dish,  and  exposed  in  a  eold  place,  metcenanthol 
is  obtained  in  Mautifnl  crystals,  which  remain  sohd  up  to  the  temperature  of  5^  or  6^, 
are  inodorous,  dissolve  in  boiling  alcohol,  and  finally  crystidlise  again  on  cooling. 
The  compound  melts  when  heated,  and  boils  at  230^.  It  is  not  decomposed  at  ordi- 
nary temperatures  by  ammonia,  potash  or  soda.    (Bussy.) 


C'HiK).-.The  h^thetacal  radide  of  cenanthylic  add  and  itv 
derivatives.    The  same  name  is  sometimes,  but  inappropriately,  given  to  heptyl^  C'H'*. 


I  or.  CrHi*OGl.— Obtained  by  distilling  cenan- 
thylic  add  with  pentadiloride  of  phosphorus.  It  is  decomposed  by  water  into  hydro- 
chloric and  cenanthylic  adds.    (C  ah  ours,  Compt  rend.  xxv.  724.) 

OP.    Byn.   with    (EwAifTHoi.  ^p.  174). 
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See  (Bnanthtlonb  (p.  178) 
C'H'*NO  =  N.mCH»*0.  Azoture  ^ctnanthyle,-^ 
Piodaced  by  the  action  of  ammonia  on  oenanthylic  anhydride.  Crystallises  from  a 
boiUng  dilute  alcoholic  solution  in  small  scales ;  occasionally,  howerer,  the  crystallisation 
does  not  begin  till  some  time  after  the  solution  has  completely  cooled.  (Chiozsa  and 
Malerba,  Gerkardfs  Traiti,  ii  728.) 

Syn.  with  Hjefttlimb  (iii.  14). 

CH'H)«    »    ^^**^|o.     (Laurent,    Ann.  Ch* 

Phys.  Levi  173.— Tilley,  Ann.  Oh.  Fharm.  xxxix.  160;  Ixm  106.— Bussy,  J. 
Pharm.  [3]  yiii.  329.— Schneider,  Ann.  Ch.  Pharm.  Izz.  112.— Arzbacher,  ibid, 
cxziii.  200. — ^Brasier  and  Gossleth,  ilnd.  IzztI.  268). —This  acid  was  first  obtained 
by  Laurent  in  an  impure  state,  and  called  azoleic  acid;  Beizelius  called  it  aboldc  acid. 
It  occurs  in  the  fasei-oil  of  spirit  prepared  from  maize. 

It  is  produced  by  the  oxidation  of  cenanthol  in  the  air,  or  in  osygen  gas,  or  when  that 
compound  is  boiled  with  nitric  acid  (Bussy,  Tilley),  or  with  chromic  acid  (Brazier 
and  Q-ossleth) ;  also  by  boiling  castor^oil  with  dilute  nitric  add  (Tilley),  or  with 
chromic  acid  (Arz a cher);  by  heating  the  distillate  obtained  from  castor-oil  with  nitric 
acid  (Schneider,  Ann.  Ch.  Pharm.  ha.  112),  or  that  from  oleic  acid  with  strong  nitric 
acid  (Laurent,  Bedtenbacher,lix.  41) ;  by  oxidising  heptylic  alcohol  with  chromate 
of  potassium  and  sulphuric  acid  (Schorlemmer,  Proc.  Boy.  Soc.  xiv.  171);  by  the 
action  of  nitric  acid  on  Chinese  wax,  (Buck ton,  Chem.  Soc.  J.  x.  166);  on  azelaic 
acid,  and  on  spermaceti  (Arppe,  Ann.  Ch.  Pharm.  cxx.  288) ;  by  the  action  of  potash 
on  cenanthol  (Sussy,  p.  175) ;  and  by  melting  sebacic  acid  with  potash  (Koch.  Ann. 
Ch.  Pharm.  cxix.  173). 

Preparation. — 1  pt  of  cenanthol  is  distilled  with  2  pts.  of  a  mixture  of  1  toL 
strong  nitric  acid  and  2  yoL  water  till  the  greater  part  has  passed  oyer;  the  oily  dis- 
tillate decanted  from  the  acid  water  is  saturated  with  baiyta-water  and  oyaporated  to 
the  oTStaHising  point;  and  the  barium-salt  which  crystallises  out  is  decomposed  by 
sulphuric  or  phosphoric  acid ;  the  oenanthylic  acid  then  rises  to  the  surface  in  the  form 
of  a  colourless  liquid.  An  additional  quantity  of  cBuanthylate  of  barium  may  be 
obtained  by  washing  the  residue  in  the  retort  with  water,  which  extracts  oxalic  and 
nitric  acids,  and  neutralising  with  baiyta-water.     (Bussy.) 

2.  A  mixture  of  1  pt.  castor- oil  and  2  pts.  of  nitric  acid,  diluted  with  an  equal  bulk 
of  wat^,  is  heated  in  a  retort;  a  violent  action  then  takes  place,  so  that  the  retort 
must  be  removed  from  the  fire  till  it  diminishes,  after  which  the  distillation  is  con- 
tinued for  several  days.  The  receiver  contains  the  oily  acid ;  the  retort,  the  watery 
liquid  and  a  thick  fatty  substance  which,  when  distilled  with  water,  yields  a  large 
additional  quantity  of  the  oily  add.  The  product  is  washed  with  water,  distill^ 
with  water,  and  dried  by  fiised  phosphoric  acid.    (Tilley.) 

ProperiieB, — (EnanthyHc  acid  is  a  transparent  colourless  oil,  having  an  unpleasant 
odour  like  that  of  cod-fish,  faint  in  the  cold,  but  becoming  stronger  at  higher  tempera- 
tures, and  a  pungent  exciting  taste.  It  begins  to  boil  at  148^,  but  decomposes  and 
blackens  when  subjected  to  continued  distillation  (Tilley) ;  boils  at  212^  (Strecker), 
Lehrb.  t.  96).  According  to  Stadeler  (Jahresb.  1867,  p.  148),  it  has  a  specific 
gnvity  of  0*9167  at  24°,  and  boils  at  218^  It  dissolves  in  strong  nitric  acid,  and  is 
predpitated  therefrom  by  water.    It  is  soluble  in  alcohol  and  in  ether, 

Decompoaiiiont, — 1.  (Enanthylic  add  bums  with  a  white  flame  (Tilley).  - 
2.  Heated  with  9oda4ey  it  forms  a  neutral  oil  (Arzbacher). — 3.  Heated  itithpoUuhMme 
it  yields  gaseous  and  liquid  hydrocarbons  of  the  formula  C^H^"  (Cahours,  Compt. 
rend,  -^^rn  141). — 4.  Heated  with  baryta,  it  yields  &  hydrocarbon  boiling  at  about 
58°,  and  having  the  composition  of  hydride  of  hexvl,  C%'*  (Biche,  Jahresb.  1860. 
p.  249). — 5.  VHien  distilled  with  pentachloride  of  phoaphorua,  it  yields  chloride  of 
oenanthyl  (Cahours,  Compt.  rend.  xxv.  724). — 6.  A  concentrated  solution  of  oenan- 
tiiylate  of  potassium  decomposed  by  a  current  of  six  Bunsen's  cells,  gives  off  hydrogen 
and  carbonic  add,  while  neutral  add  and  carbonate  of  potassium  are  formed,  and  an 
oil  rises  to  the  surfiace,  which  when  distilled  with  potash,  leaves  cenanthylate  of  potassium 
and  yields  a  distillate  consisting  mainly  of  hex]^  and  a  hydrocarbon,  C**H^,  boiling  at 
170^     (Brazier  and  Gossleth.) 

(EvAirnrnATBS.  C^**MO  and  C'*H^*M''0*. — The  ammonium  and  potamvm 
salts  are  very  soluble  in  water. — The  barium-^t,  C'^H'^Bba^'O^  (prepared  as  above) 
forms  white  nacreous  scales  or  lancet-shaped  tablets.  It  has  a  faint,  slightly  bitter 
taste,  exhales  an  odour  of  perspiration  when  rubbed  between  the  fingers ;  dissolves  in 
57  pts.  water,  at  229  (Bussy),  yezy  easily  in  hot  water,  still  more  easily  in  hot  alcohol 
of  85  percent.  (Arzbacher) ;  insoluble  in  ether.— The  copper-salt  separates  after  tk 
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whfle  from  a  mixture  of  the  free  acid  with  cnpric  acetole^  in  needles  faaTing  a  line 
ereen  eolonr  and  silky  lustre. — ^The  Uad-^aU  is  preoiiHtated  by  neutral  acetate  of  lead, 
from  a  solution  of  oeoanthylate  of  potassium,  as  a  lemon-yeUow  powder,  insoluble  in 
water,  but  soluble  in  boiling  alcohol,  whence  it  sejMiiates  in  small  scales  on  cooling. — 
The  sUver-aalij  C*H"A^*,  is  obtained  on  adding  nitrate  of  silyer  to  the  acid  neutralised 
with  ammonia,  as  a  white  precipitate,  insoluble  in  water,  and  turning  brown  on  expo- 
sure to  light  By  dry  distillation,  it  yields  an  oil,  and  a  solid  substance  which 
crystallises  in  needles  ftom  hot  aloobol ;  both  are  acid. 

onrjjmnruo  Anmrnnia.   c*'H>*0*  -  ^^|!^|o.-.(EiM9i%eat0  of 

(Enanthyl,  Anhydrous  (EnaniihyUe  aeid,  (C  h  i  oe s  a  and  M  al  e  r  b  a,  Ann.  Ch.  Fham. 
xcL  102). — ^Produced  by  the  action  of  pentachloride  of  phoephoms  on  cananth^late 
of  potassium.  It  is  a  colourless  oil,  of  specific  ^yity  0*91  at  14^.  At  ordmaiy 
temperatures  it  has  a  faint  odour,  like  that  or  capryhe  anhydride.  It  giyes  omt  an  aro- 
matic odour  when  heated,  and  smells  rancid  if  kept  in  badly  closed  yessels. 

With  alkalis  it  behayes  like  other  anhydrides^  and  with  caustic  ammnnia  it  yields 
cananthylamide,  N.O'H*«O.H*. 

OarAVrBT&XO  mrmmam.  l.  (Bnanthylate  of  Ethyl,  (rH>\OV)0',  IS 
obtained  by  passing  hydrochloric  acid  gas  through  an  alcoholic  solution  of  osnanthylic 
acid  (Tilley),  or  oenanthol  (William  son).  It  is  a  oolouriess  oil,  lighter  than  water, 
and  solidifying  in  afreezing  mixture ;  has  a  pleasant  fruity  odour;  is  insoluble  in  water 
but  dissdyes  easily  in  akohol  and  ether;  distils  easily  but  with  constantly  rising 
boiling  point ;  bunu  with  a  dear  but  ftiliginous  flame. 

2.  (Enanthylate  of  Phenyl,  CTWiC^*)0\  produced  by  tiie  action  of  chloride 
of  oonanthyl  on  phen^Uc  alcohol,  is  an  oil  boiling  between  275^  and  280^.  (G  ah  ours, 
Compt  rend,  xxxyiii.  267.) 

avAammbo-anraoio  AnmuBa.  CH^O.C'H^o.o.— dee  Bbnzo- 

<BNA1ITKTLIC  AkHTDBIDB  (l  668). 

OV AVTBTliO-CnrMtVIO  AWBTBSIBa.   CHi^O.C'H^O.O.— See  CuMiH- 

(BHAKTHTUO  AkHTDUDB  (ii.  180). 

CBT All TH 1  JiOML  C**H'>0  »  C^*O.C*Hi*.  (EnanthyUaceUme,  (Uslar 
and  Seekamp,  Ann.  Ch.  Fhann.  cyiii.  179.)— Produced  by  the  dry  distillation  of 
cBuanthylate  of  calcium,  and  purified  by  rectification  and  ciystallisHtion  from  alcohol 
It  crystallises  in  large  oolouriess  laminn,  of  specific  grarity  0*826,  melts  at  30**,  solidifies 
again  at  29*6^  boils  at  264^ 

Tilley  (Ann.  Ch.  Fharm.  Ixyii.  110),  by  heating  1  pt  of  oenanthol  with  6  or  6  pts. 
hydrate  of  potassium,  obtained  an  oil  boiling  at  120^  and  containing  79*3  per  cent, 
carbon  and  13*3  per  cent  hydrogen.  To  this  compound  Tilley  assigned  the  formula 
O*ff*0  (requiring  78*2  per  cent.  C,  13-8  H,  and  7*6  oxygen),  designating  it  as  hydride 
ofctnanuwl,  Gmelin  {Handbook,  xii  461)  suggests  that  it  may  be  mnanthylone, 
the  formnui  of  which  requires  78*8  per  cent  C,  13*1  H,  and  8*1  0. 

aVAJi  TAl  Ja-SraVBHSXC  ACXB.  Syn.  with  HaPTTL-sxTLPsniao  Actn 
(iii.  149). 

LflWAULOmi  AOIB«    Syn.  with  (Ekamthic  Acid  (p.  174). 

rOK.    Syn.  with  lHassrrtasm  (B  e  r s  e  li  u  s). 


roXJir.^  C'H^'O*. — ^A  colouring  matter  obtained  from  red  wine  by  predpi* 
tating  with  basic  acetate  of  lead,  exhausting  the  dried  precipitate  with  ether  containing 
hydrochloric  acid,  then  with  pure  ether,  digesting  the  air^dried  residue  with  alcohol 
and  mixing  the  concentrated  alcoholic  solution  with  water.  (Enolin  is  then  precipitated 
in  a  mass,  which  is  brown-red  while  moist^  nearly  black  when  dry,  but  yields  a  yiolet- 
red  or  brown-red  powder ;  it  is  nearly  insoluble  in  piire  water,  more  soluble  in  water 
containing  ymtable  adds,  easily  soluble  in  alcohol,  insoluble  in  c^er.  It  forms  a 
lead-compound  containing  C»H*"Ppb''0»«.  (GUnard,  Compt  wnd.  xlyii  268; 
Jahresb.  1861,  p.  478.) 

aaroanSTBS*      A  hydrometer  specially  adapted  fi>r  determining  the  alcoholic 
atrength  of  wines. 

Syn.  with  Mbsittl. 


I.  A  silioo-titanate  of  zirconium  occurring  at  Arendal  in  Norway, 
commonly  in  ciystals  of  pyroxene,  in  dimetric  crystals  in  which  P :  P  s  123^  16f . 
Hardness  -»  b'6.  Specific  gravity  a  3*629.  It  is  opaque  or  subtranslucent  with 
reddish-brown  colour,  and  splendent  adamantine  lustre.  Infusible  b^re  the  blow- 
""ipe,  and  according  to  Berzelius,  gives  a  trace  of  tin.  Contains,  according  to 
orchhammer  (Pogg.  Ann.  xxxy.  680),   19-71  per    cent    silica^   68*79    titanic 
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anliTdride  and  rireonia,  2-61  lime^  2*05  magnflna,  M4  tenons  oxide,  and  6'<2  water 
(«  100). 


An  old  name  fcfr  add  carbonate  of  ammooinm  pirecioitated 
by  alcohol  from  aqueous  solution. 

OiMOXTBi    See  BinDOi<iT& 

OX&  UMMm  When  s  ikt  oil  is  made  to  fi^  in  dfopa  on  iion  or  earthenwam  at  a 
low  red  heat»  it  is  for  the  most  part  resolved  into  a  gaseous  miztnie  of  ethylene,  marsh - 
gas,  hydrogen,  carbonic  oxide,  and  the  vaponrs  of  benzene  and  certain  empjrenmatie  oils. 
The  gas  tnus  obtained  ia  fitf  superior  in  illuminating  power  to  onU-gas,  and  was 
manufactured  some  years  ago  on  a  somewhat  considerable  scale,  and  sold,  condensed  in 
strong  iron  cylinders,  as  "  portable  gas;"  but  the  process  was  not  found  profitable,  and 
has  been  bng  since  abandoned.  For  a  description  of  it  see  Ure^s  Dietionarv  of 
OI«»M<fy,  4th  ed.  p.  642.  "^   "^ 


,  cmsSBHly  or  MMKWOAm    A  name  sometimes  applied  to  American 

petroleum,  because  it  was  formerly  collected  and  sold  by  the  Seneca  and  other  Indians. 

■        ■  » 

OTL,  MlWATii    See  ParaoiAinc. 

OXMa  OF  VZTKXOA.    Stfong  dulphuiic  add 

OIXi  or  Vnrm    See  Ethxbin  (ii  607). 

OTLBm  The  term  "oQ*  was  originally  applied  to  certain  well-known  nentral  com- 
pounds occurring  in  the  bodies  of  liring  pluits  and  animals,  and  possessing  the  idHownng 
properties : — They  sro  liquid  at  common  temperatnies ;  have  a  mere  or  less  yiadd  con- 
sistence; are  insoluble  or  nearly  insoluble  in  water,  but  dissolve  moM  or  leas  readily 
in  alcohol,  very  easily  and  in  all  proportions  in  ether ;  take  fire  when  stzongly  heated  in 
the  air,  and  bum  dtner  alone  or  by.  means  of  a  wick,  wi^  a  more  or  less  fuliginous 
flame.  There  are  many  other  liquids  possessing  the  peculiar  conaisteiioe  called  "  oily," 
namely,  some  members  of  thef&tty  add  series,  butyric,  Talerianic,  caproie  acid,  &e., 
many  <»ganic  bases,  as  the  higher  homoiogues  of  ethylamine,  certain  natural  alltfrVidt 
— nicotine  and  oonine  for  example — rand  moat  of  the  compound  ethers.  But  when  we 
roeak  of  an  "oil "  we  generally  mean  a  neutral  body,  formed  by  natural  processes  in 
the  living  animal  or  vegetable  organism,  and  poesessing  tiie  properties  just  specified; 
and  in  that  sense  the  word  will  be  used  in  the  present  artide. 

Natural  Oils  are  divided  into  two  great  classes,  fat  or  fixed  oils,  and  volatile  or 
essential  oils. 

A. — Fat  on  Fizbd  Oils. 

These  bodies  exhibit  very  great  similaritqr  of  chemical  composition,  most  of  them 
being  glycerides,  and  resolvable  by  saponification  into  glycerin  and  certain  fiitty 
adds,  chiefly  stearic,  palmitic  and  oleic  adds.  They  further  resemble  one  another 
in  not  being  ci^Mble  of  distilling  without  decomposition,  by  which  character,  as 
well  as  b^  thdr  compodtion,  they  are  easily  distin^riuBhed  from  the  volatile  oils.  Fat 
oils  are  divided  into  drying  and  non-drying  oils.  The  former  thicken  when  ex- 
posed to  the  air,  absorbing  oxygen,  and  being  ultimatdy  converted,  if  ^read  over  a 
Luge  sur&ce,  into  a  yellowish,  transparent,  supple  membrane  or  varnish.  Thia  property 
rendezfl  them  available  for  the  preparation  of  varnishes  and  oil-colours.  To  this  dass 
belong  linseed,  nut,  hemp  and  poppy  oils ;  they  contain  an  olein  different  from  that 
of  the  non-drying  oils,  and  yielding  by  saponification,  not  oleic,  t)ut  linoleic  add  or  an 
acid  similar  thereto. 

The  non-drying  oils  are  likewise  ffradually  altered  by  exposure  to  the  air,  though  in 
a  different  manner.  They  turn  rancid,  that  is  to  say,  they  acc^uire'an  acrid,  disagreeable 
taste,  gradually  lose  their  colour,  and  to  a  certain  extent  their  fluidity,  and  acquire  the 
power  of  reddening  Htmns.  This  alteration — which  never  takes  place  in  pure  glycerides, 
such  as  stearin,  palmitin  or  olein,  or  in  mixtures  of  them — is  due  to  the  presence  of 
foreign  matters,  namely,  the  cellular  substance  of  the  plant  or  animal  from  which  the 
oil  has  been  extracted.  These  substances  act  as  ferments,  and  give  rise  to  the  decom- 
position of  a  small  quantity  of  fatty  matter  in  contact  with  them,  the  palmitic,  oleic 
add,  &c,  of  this  portion  of  the  oil  being  then  set  free,  and  small  quantities  of  odorous 
volatile  adds  (butyric,  valerianic,  caproie)  being  formed  at  the  same  time,  probably 
from  atmospheric  oxidation.  By  exhausting  rancid  oils  with  boiling  water,  and 
treating  them  in  the  cold  with  a  weak  alkaline  solution,  th^y  may  be  fireed  from  these 
products  of  deeompositicm  and  restored  to  their  original  state. 

The  mode  of  occurrence  of  fat  oils  in  the  bodies  of  plants  and  animals,  their  dpcom- 
podtion  by  distillation,  and  their  reactions  with  alkabs,  acids,  &c.,  hare  already  been 
described  under  Fats  and  Gltcbbidbs.  The  individual  Oils  are  described  in  their 
respective  alphabetical  places.    For  the  methods  of  extraction  on  the  large  scale,  and 
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purificatioii,  Me  Ur^$  Did,  of  Art»,  &c.  iii.  276.  The  following  taUe  exhibits  a  list 
of  the  priocipal  vegetable  fat  oils,  together  with  their  sp^ific  gmvitieB  and  solidifying 
points,  so  ffur  as  they  hare  been  determined.  The  specifle  gravities  marked  with  an 
asterisk  are  according  to  determinations  (taken  at  16^)  by  Cloes  (BolL  Soc  Chim« 
1865,  p.  46) :  the  rest,  and  the  solidifying  points,  are  taken  from  Gmelin^M  Handbook. 
The  nnmb^  in  the  last  column  denote  the  temperatures  at  which  the  oils  become 
perfectly  solid:  nearly  all  of  them,  however,  become  viscous  or  semi-solid  at  tempera- 
tures somewhat  higher. 


NamttofOU. 

* 

KaoM  (^  plant  which 
yleldiit. 

SpedOe 
grmritj. 

Solldlfyinc 
point 

1.  Dbyikq  Oils. 

Cress-seed  oil    . 

Lepidium  sativum     . 

0*924 

-  15° 

Oil  of  Deadly  Nightshade  . 

Atropa  Belladonna    . 

0-925 

-  27-5° 

Oil  of  Gold-of-Pleasure  seed 

CamlsUna  sativa 

0-93076* 

-  19° 

Gk>urd-seed  oil  . 

Cucurhiia  Pepo 

0-9231 

-  15° 

Gn^>e-8eed  oil  . 

Vitia  vinifera    . 

0*9202 

-  11° 

Hemp-seed  oil  . 

Cannabis  satitHi 

0-93076* 

-  27-6° 

Oil  of  Honesty . 

Hesperis  matronalia  . 

0-9232 

below  -  15° 

Linseed  oil        .        .        . 

lAnum  imtatiasimum 

0-93516* 

below  -  20° 

OilofMadi       . 

Madia  sativa    . 

0*9286  at  15° 

below  -  10° 

Poppy  oil          ... 
Sunflower  oil     • 

Papaver  eomnifervm          • 
Hehanthtts  annuus    . 

0-92702* 

-  18° 

0-92504* 

-  16° 

Oil  of  Scotch  Fir  seed 

Pintu  aylveetris 

0*9312 

-  30° 

Oil  of  Silver  Fir  cones 

Abies  Ptcea.  Dec       .        • 

0-926 

Oil  of  Spruce  Fir 

Fatty  ou  of  Spruce  Fir      . 

Abies  excelsa.  Dec. 

0-9283 

below-  16° 

...... 

0*904 

Tobacco-seed  oil        •        « 

Nicoiiana  Tabaeum   . 

0-9232 

-  15° 

Wahiut  or  Nut  oil     . 

Juglans  regia    . 

0-92878* 

-  18° 

Weld-seed  oil   . 

Beseda  luieola  • 

0-9858 

below  -  15'' 

2.  Nok-Dbtdto  Ons 

(  Vegetable), 

Almond  oil       •        •        • 

Amygdalus  communis 

0-91844* 

-  21° 

Beech-nut  oil    . 

Fagus  sglvaHca 

0-923 

-  17-5° 

Oil  from  seed  of 

Buteafrondosa 
CalophyUum  inophgllum    . 

0*917 

+  10° 

Oil  from  seed  of 

0-942 

+  5° 

Oil  from  seed  of 

Canarium  commune  , 

+  6to-2-6° 

Castor-oil. 

Bicinus  communis     . 

0-9639* 

-  18° 

Cotton-seed  oil 

Gossypium  barbadense 

0*9306 

Colza-oil  .... 

Brasstca  campestris  ole^fera 

0-9136  at  150 

-  6*250 

Croton-oil 

Oroton  Tiglium 

0-94263* 

Oil  of  Cyperus-grass . 
OU    of    Daphne    (Oleum 
seminum  Coceognidu) 

Cyperus  esculentus  (root)  . 
Daphne  Mezereum    . 

0*918 
0*914— 0-921 

Earth-nut  oil    •        • 

Arachis  hypog^sa 

0-918 

£rgot-oil  .        •        •        • 

Secale  comutum 

0-922 

-  870 

Hazel-nut  oil     .        •        « 

Corylus  AveUana 

0*91987* 

-  19° 

Henbane -seed  oil       • 

^oscyamus  nigra    . 
Msculus  Hippocastanum  . 

0-913* 

Horsechesnut  oil       .        • 

0-915 

+  8° 

Mesua-oil .... 

Mesuaferrea    .         • 

0-954 

+  5° 

Black  mustard  oil     • 

Sinapis  nigra    . 
Sinapis  alba     , 
Nigeila  sativa  . 

0-92102* 

below  0° 

White  mustard  oil     . 

0-93883* 

doM  not  Mlfclifj 

Oil  from  seed  of 

0*92 

+  2° 

Oil  from  root  and  seed  of 

Pinus  quadrifoUa 

0-935 

Parsley-oil        • 

Petroselinum  sativum 

1-078  at  12° 

beeoraef  torUd 
at-lSObutdoM 
not  Mlldify 

—  8-7° 

plum-kernel  oil        .        . 

Prunus  domestica 

0*9127 

Oil  from  seed  of 

Pongamia  glabra 

0-915 

**  1 
+  8° 

Summer  Bape-seed  oil 

Brassica  prtsoox 
Brassica  Napus 

0-91655* 

Winter  Bape-seed  oil 

0-91648* 

a  little  below  00 

Sesam6-oil        . 

Sesamum  orientals    . 

0-92416» 

-  5° 

Spindle-tree  oil 

Euonymus  europmu . 
Euphorbia  Lathyris  , 

095717* 

-12°  to -16° 

Spurge-oil 

0-92613* 

-  Ujo 

OU  from  seed  of 

Sterctilia  faetida 

0-923 

below  +  8° 

Oil  from  various  kinds  of 

Thea  and  Camdlia    . 

0-927 

f  ftn-ms  an  emiil-i 
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CIoeE  (loc,  cii.)  finds  that  diyiog  oQs  exposed  to  the  air  for  18  months  increase  in 
freight  hy  about  7  or  8  per  cent  (10  smis.  linseed  oil  increased  to  10*703 ;  10  gnns. 
poppy  oil  to  10'705;  10  ^;rms.  hemp  oU  to  10*778) ;  non-diying  dils,  which  thicken  but 
slightly  on  exposure  to  air,  gain  from  8  to  5  per  cent.  QO  gnns.  olite  oil  increased  to 
10*372;  ahnondoil  to  10-469;  castor  oil  to  10*268;  horse-chesnut  oil  to  10*642); 
those  which  thicken  considerably,  such  as  rape,  croton,  and  mustard  oils,  gain  in  the 
same  time  from  6  to  7  per  cent. 

3.  Fiss  Oils.  These  are  non-diying  oils,  obtained  from  fish  and  cetaceous  animals : 
they  have  usually  an  offensive  rancid  odour,  arising  from  the  peculiar  disposition 
aboTe  mentioned.  When  exposed  to  cold  they  for  Uie  most  part  deposit  solid  fats, 
palmitin,  cetin,  &c.,  while  olein  and  other  similar  fats  remain  in  the  liquid  state. 
Sperm  oil  yields  by  saponification,  physetoleic  acid  and  ethal,  or  cetylic  alcohol.  The 
most  important  of  these  oils  are  sperm  oil,  occurring,  together  with  spermaceti,  in 
certain  cerebral  caTities  of  the  sperm-whale  (JPhyteter  macrocephalus)  \  whale  or 
train  oil,  from  the  blubber  oiBatmna  mysticetut  and  other  whales ;  seal  oil ;  sea- 
calf  oil;  shark  oil,  from  Sfualus  maximiis ;  pilchard  oil;  porpoise  oil, 
from  Depkinus  phocma;  dolphin  oil,  from  Dt'lphinua  globiceps;  cod-liver  oil, 
from  the  liver  of  Tarious  species  of  Gadtts;  ray -liver  oil,  from  the  liyers  of  ^aya 
eiavata  and  B.  baits  ;  and  burbot  oil,  from  the  liver  of  Gadua  Lota  or  Lota  fndgaria. 
All  these  oils  will  be  found  described  in  their  alphabetical  places:  cod-liyer  oil  as 
Olkux  Jboobis  AflKLU,  dolphin-oil  as  Dblphin  (ii  309). 

4.  Othbr  AiaMAx  Oils. — a.  OU  of  Ants.  The  residue  leffc  on  distilling  ants  with 
water,  yields  by  pressure  a  yellow  or  reddish-brown  iktt^  oil,  which  floats  on  water  and 
solidifies  at  a  moderate  degree  ot  cold. 

fi.  Otis  from  Egg^ffolk, — The  yolk  of  eggs  hard-boiled  and  warmed,  yields  by  pres- 
sure, and  by  exhaustion  with  ether,  two  &tty  oils  of  different  constitution.  The  oil 
obtained  by  preftsure  is  reddish-yellow,  viscid,  neutral,  and  has  little  or  no  taste.  It 
generally  deposits  a  solid  &t  and  solidifies  at  A? — 6^  to  a  mnular  mass,  which  when 
left  to  drain  on  a  filter  leaves  a  solid  fiit  melting  at  66°.  The  oil  frved  from  this  fat 
is  thicker  than  linseed  oil,  and  solidifies  to  an  amorphous  mass  at  0°  (Planche, 
J.  Pharm.  i.  438).  It  contains  j^  of  cholesterin  (Lecanu,  ibid,  zv.  i) ;  also  volatile 
acids  (Redtenbacher).  The  ou  extracted  by  ether  has  a  fine  pure  yellow  colour, 
an  acrid  taste  and  an  unpleasant  odour,  absorbs  oxygen,  and  contains  in  addition 
to  the  true  oil,  a  viscous  suostance  similar  to  or  identical  with  lecithin  (iv.  666),  which 
may  be  separated  by  filtration  and  pressure.  The  oil  thus  purified  and  likewise  that 
which  is  extracted  from  the  volk  by  pressure,  solidify  at  —6°  to  a  granular  mass  con- 
taining cholesterin.  Both  oils,  when  exposed  to  the  cold,  deposit  a  mixture  of  marga- 
rin,  cholesterin,  and  colouring  matter.  They  are  firee  firom  phosphorus  and  sulphur, 
and  differ  from  other  oils  only  by  containing  colouring  matter  and  choleBterin.  (Q-ob* 
ley,  J.  Pharm.  [8]  ix.  12.) 

7.  Lard  oil. — A  nearly  colourless  oil  obtained  by  pressing  hqg^s  lard,  and  used 
for  greasing  wooL  Speoflc  gravity,  0*916  (Chevreul)  100  pts.  boiling  alcohol 
dissolve  123  pts.  of  it  Accoraing  to  Braconnot,  lard  yields  0*62  of  its  weight  of 
this  oil. 

8.  Neafs-foot  oil. — The  feet  of  oxen,  after  the  hair  and  hoofii  have  been  removed,  yield 
when  boiled  with  water  a  peculiar  fatty  matter,  which  after  awhile  deposits  a  semi-solid 
fat  leaving  an  oil  which  does  not  solidify  at  0^  C,  and  is  not  liable  to  become  rancid. 
This  oil  is  used  for  many  purposes,  especially  for  oiling  church  docks. 

c.  Oil  of  Silkworms, — Obtained  by  exhausting  the  caterpillars  with  alcohol  and 
washing  the  extract  with  hot  water.  Itisbrownish-Kreen;  lighter  than  water;  neutral; 
remains  liquid  at  0^ ;  dissolves  easily  in  cold  alcohol  and  ether;  is  easily  saponified  by 
potash,  less  easily  by  lead-oxide,  yielding  stearic  acid  and  a  liquid  acio,  probably 
oleic     (Lassaigne,  J.  Chem.  Hed.  xz.  471.) 

Adulteration  of  Fat  oils. — The  difference  in  price  of  the  several  fat  oils  often 
gives  rise  to  fraudulent  admixtures ;  thus  the  best  olive  oil  for  table  use  is  some- 
times mixed  with  inferior  oils,  such  as  poppy,  sesam^  or  earth-nut  oil ;  olive  oil  inten- 
ded for  manufacturing  purposes  is  adulterated  with  colza  oil ;  the  latter,  sometimes 
with  poppy,  linseed,  or  more  often  with  whale  oil,  &c  The  methods  of  detecting  these 
adulterations  are  not  very  satisfactory. 

Lef ibvre  proposes  to  distinguish  fat  oils  by  their  density,  and  has  constructed  for 
this  purpose  a  hydrometer  of  peculiar  construction,  called  acoleometer,  having  a  very 
large  cylindrical  bulb  and  a  very  long  stem,  on  which  are  inscribed  densities  from  0*8 
to  0*94  for  the  temperature  16°,  each  density  corresponding  to  that  of  a  commercial 
oil,  e.g.  0*917  to  olive  oil,  0*926  to  poppy  oil,  0*989  to  linseed  oil  &c  An  ordinary 
centesimal  alcoholometer  may  also  oe  used  for  the  purpose.  The  difference  of  density 
between  different  fiit  oils  is.  however,  not  sufficiently  great  to  enable  them  to  be 
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detected  with  eerCakfy  in  miztores  by  aach  a  method,  moreoTav  it  has  not  been  profvd 
that  the  deneity  of  the  oil  obtained  from  anjr  ^ven  lonroe  is  really  constant 

Gobley  (J.  Phann  [3]  iT.  285 ;  t.  67)  lumts  the  nee  of  the  hydrometer  to  the  de- 
tection of  poppy  oil  in  olive  and  almond  oils.  For  this  pnipose  he  nses  a  hydrometer 
(eUBometer)  withveiy  huge  bnlb  and  thin  stem.  At  the  temperature  of  I2'5°  C.  the  in- 
stniment  sinks  to  aero  in  pore  poppy  oil,  which  is  the  densest  of  the  three,  and  to  60^ 
in  pore  olive  oil,  whidi  is  the  lightest.  The,  space  between  0^  and  60^  is  divided  into 
50  eqnal  parts. 

Poutet  of  Marseilles  beats  np  the  oil  to  be  tested  with  one-twelfth  of  its  weight 
of  a  solution  of  mercury  in  strong  nitric  acid.  The  nitrous  acid  or  mtric  peroxide 
evolved  from  this  solution,  converts  the  liquid  olein  into  solid  elaidin(ii.368),  causing  the 
olive  oil,  if  pure,  to  solidify  completely  after  one  or  two  hours'  contact^  whereas  in 
presence  of  poppy  oil  or  ouier  drying  oils,  which  are  not  solidified  under  the  same  cir- 
cumstances, the  solidification  is  retarded,  and  for  a  longer  time  in  proportion  to  the 
quantity  of  drying  oil  present.  In  making  these  experiments,  it  is  best  to  use  strong 
nitric  acid  containing  nitric  peroxide ;  to  agitate  2  or  8  cubic  centimetres  of  this  acid 
with  the  olive  oil  under  examination;  and  to  perform  the  same  experiment  on  perfectly 
pure  olive  oil  in  a  bottle  of  the  .same  sise.  The  two  vessels  are  then  left  in  a  cellar,  or 
a  room  the  temperature  of  which  does  not  exceed  10^,  and  the  moment  when  the  oil 
becomes  thick  enough  to  remain  in  the  vessel  on  inversion  is  careftdly  observed.  If 
the  specimen  under  examination  is  pure,  it  will  solidiiV  at  the  same  time  as  the  other, 
but  if  it  contains  even  1  pt  in  a  hundred  of  poppy  oil,  its  solidification  will  be  retarded 
40  minutes,  and  longer  still  for  a  larger  quantity. 

Maumen^  (Gompt.  rend.  xxxv.  572)  tests  fiit  oils  by  the  heat  evolved  on  mixins 
them  with  strong  sulphuric  add,  poppy  oil  and  drying  oils  in  general  being  heated 
thereby  much  more  stion^y  than  ohve  oil ;  the  mixture  of  poppy  oil  with  sulphuric 
add  is  likewise  aooompamed  by  a  oondderable  evolution  of  siupAuious  anhydride. 

Heydenreieh  and  Penot  propose  to  distinguish  the  sovetal  fat  oils  by  the 
colours  which  thev  exhibit  in. contact  with  strong  suTphnrie  add.  When  a  drop  of  this 
add  is  added  to  eight  or  ten  drops  of  an  oil  placed  on  a  plate  of  gltas  resting  on  white 
pmer,  the  followinff  colours  are  immediately  prodncea : — (Hive  oil  produces  a  deep 
yeUow  tint  gradual^  becoming  green ;  SeaamiML  a  bright  red ;  Colza  oU  a  greenish- 
blue  aureola ;  Poppy  oil  becomes  pale  yellow  with  a  dingy  grey  look;  Hemp  oil  pro- 
duces a  distinct  emerald-green  tint;  Linseed  oil  becomes  brown-red,  <«h*ngi«g  to 
black-brown. 

The  colours  and  other  reactions  exhibited  in  treating  &t  oils  with  various  adds  and 
alkaline  resgents  have  also  been  examined  by  Professor  F.  0.  Calvert,  a  summary 
of  whose  results  is  given  in  the  table  on  page  183.  The  columns  headed  *'  +  Gaostic 
Soda,"  indicate  the  results  obtained  on  aoding  that  alkali  to  an  oil  previously  tieatad 
with  the  reagent  at  tiie  head  of  the  preceding  ccdumn. 

By  these  reactions  it  is  possible,  according  to  Calvert,  to  ascertain  the  presence  of 
10  per  cent  of  a  given  oil  in  many  cases  of  adulteration ;  for  example^  poppy-oil  in 
rape;  olive  in  GaUipoli  and  India  nut,  as  all  of  these  assume  a  pale  rose-colour; 
when  popp)r-oil  is  mixed  with  olive  or  castor  oils  there  is  a  decrease  in  the  consistency 
of  the  semi-saponified  matter.  [For  details  see  Phann.  J.  Trans.  xiiL  856;  also, 
Ur^s  Dictionary  qfArU,  See.  iil  300.] 


B. — ^VoLATiLi  Oils. 

Eeeeniial  ope,  Eeaences.  Ethereal  oils.  Distilled  oils.— -These  are  eomponnds^ 
either  consisting  whol^  of  carbon  and  hydrosen,  or  of  the  same  elements  with  addition 
of  smaller  quantities  of  oxygen,  sulphur,  or  mtrogen ;  of  thin  oily  consistency  at  ordi- 
nary temperatures,  and  woolly  volatile  at  hi^er  temperatures;  having  a  peculiar 
and  generally  pungent  odour;  veiy  inflammable ;  sparingly  soluble  in  water,  but  dis- 
solving readily  in  alcohol  and  ether 

A  large  number  of  volatile  oils  occur  ready  formed  in  plants,  and  a  smaller  number 
in  the  animal  body :  others  are  produced  by  dry  distillation  of  organic  bodies — 
these  are  called  empyreumatic  oils,  e.y.  oil  of  amber,  coal-oil,  shale-oil,  creasote, 
Bippel's  oil,  &c. ;  others  by  fermentation  and  other  changes  in  the  inodorous  ports  of 
plants  (Fkbmknt  Giu,  ii.  634).  Petroleum,  lock-ofl,  mineral  oilor mineral  naphtha,  must 
also  be  included  amongst  the  oils  produced  by  the  decompodtion  of  organic  bodies 
(see  Naphtha,  p.  2,  and  Pbtbolbtjic).  Volatile  oils  are  also  produced  by  the  action  of 
sulphuric  or  pho8p|horic  add  on  organic  bodies,  e.ff.  oil  of  wine  by  distilling  alcohol  with 
excess  of  sulphuric  add,  menthene  (iii.  880)  by  distilling  peppermint-camphor  with 
phoephoric  add.    In  this  artide  we  shall  condder  only  the  volatile  oils  existing  reiauly 
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formed  in  the  vegetable  or  animal  oiganism,  which  are  espedall/  distinguishcHl  as 
essential  oils.  { 

Only  a  few  volatile  oils  have  been  obtained  from  the  animal  body — ^the  oils  of  ants,  | 

castorenm  and  ambergris  for  example — and  these  have  been  but  little  studied,  though 
similar  compounds  might  doubtless  be  obtained  from  manv  other  odorous  animal  pro- 
ducts. But  the  great  source  of  volatile  oils  is  the  vegetable  kin^^m,  where  they  occur 
in  very  large  quantity  and  in  almost  all  parts  of  the  plants  as  m  the  wood  and  bark 
of  the  stem  and  root ;  under  the  epidermis  of  the  leaves,  calyces,  petals,  fruity  &c. ; 
in  the  different  coatings  of  the  seed  and  in  the  cellular  tissue  of  the  seed-vessels ;  rarely 
in  the  albumen,  sometimes  even  in  the  embryo  of  the  seed. 

These  vegetable  oils  or  essences  consist  either  wholly  of  hydrocarbons,  or  of  mixtures 
of  hydrocarbons  with  compounds  of  carbon,  hydrogen,  and  oxygen.  Those  which  exist 
ready  formed  in  plants  do  not  appear  to  contain  any^  other  element.  Sulphur  is  found 
only  in  certain  ous  resulting  from  a  kind  of  fermentation-process,  as  in  the  volatile  oils  of 
mustard  and  garlic ;  nitrogen,  when  it  occurs,  must  be  regarded  as  an  impurity  resulting 
from  admixed  vegetable  tLssue.  Many  vegetable  essential  oils  when  exposed  to  cold 
are  separated  into  a  solid  compound,  called  a  camphor  or  stearoptene,  and  a  liquid 
oil,  which  for  distinction  is  sometimes  called  anelseoptene. 

The  following  artf  the  modes  of  extracting  essential  oils  from  plants : — 

1.  By  Pressure^ — ^This  method  succeeds  only  with  certain  parts  of  plants  which  are 
very  rich  in  oil,  such  as  lemon  and  orange-peeL 

2.  By  Distillation^  generally  with  ad<ution  of  water. — Heating  without  water  is  apt 
to  produce  charring  and  admixture  of  empyreumatic  oils.  The  substances  containing 
the  volatile  oil  are  either  mixed  with  water  in  a  large  still  or  retort^  and  distilled  after 
sufficient  maceration ;  or  they  are  |xlaced  in  the  dry  state  on  the  upper  perforated  base 
of  the  still,  and  subjected  to  the  action  of  vapour  of  water.  Although  the  boiling  point 
of  most  volatile  oils  is  above  that  of  water,  tney  neverthdess  volatilise  at  100°,  in  con- 
sequence of  the  difibsion  of  the  oil- vapour  into  the  vapour  of  water  produced  at  that 
temperature.  In  the  distillation  of  the  less  volatile  oils,  however,  it  is  usual  to  add 
common  salt  to  the  water,  in  order  to  raise  the  temperature  a  few  d<^[rees,  and  thereby 
increase  the  tendency  of  the  oil  to  pass  over  with  the  aqueous  vapour.  The  vapours 
condense  in  the  ooolmg  tube  or  receiver,  which  is  kept  cold  for  the  purpose ;  and  the 
water  takes  up  as  much  of  the  oil  as  it  is  capable  of  dissolving.  If  tne  quantity  of  oil 
present  is  more  thah  sufficient  to  satm^te  the  water,  the  excess  separates  out ;  in  the 
contrary  case,  the  diKtillate  is  cokobated ;  that  is  to  say,  the  water  containing  the  oil 
in  solution  is  distilled  with  a  fresh  quantity  of  the  substance  which  contains  the  oil, 
and  thereby  made  to  take  up  a  double  quantity  of  oil.  A  more  abundant  product  is 
likewise  obtained  by  distilling  the  original  vegetable  substanos,  not  with  pure  water, 
but  with  water  which  has  previously  been  used  for  the  same  distillation,  and  is  there- 
fore saturated  with  oiL — ^Ii  the  oil  which  passes  over  readily  solidifies,  the  cooling  tube 
must  not  be  kept  at  too  low  a  temperature. — ^The  oil  which  collects  either  at  the  top 
or  at  the  bottom  of  the  water  is  separated  by  mechanical  means. 

Many  plants  yield  a  larger  quantity  of  oil  after  dryine ;  and  when  distilled  in  the 
fresh  state,  with  cold  water,  they  yield  a  comparatively  large  quantity  of  oil  together 
with  turbid  water ;  but  if  covered  with  boiling  water  and  then  distilled,  they  yield 
clear  water  and  less  oiL  The  cause  of  this  difference  is,  that  when  the  plant  is  dried, 
or  immersed  in  cold  water  containing  air,  the  oil  oxidises,  and  is  thereby  rendered  less 
soluble  in  water ;  hence  it  forms  a  poorer  and  turbid  solution,  and  for  the  most  part 
separates  out.    (Desmarest,  J.  Pharm.  19,  163 ;  abstr.  Ann.  Pharm.  9,  291.) 

Volatile  oils  obtained  by  distillation,  and  likewise  the  Water  which  passes  over 
with  them,  have  at  first  an  unpleasant^  empyreumatic  odour,  which,  however  is  not 
permanent. 

3.  Many  strongly  smelling  parts  of  plants  yield  no  volatile  oil,  even  by  repeated 
cohobation  with  water,  probably  because  the  quantity  contained  in  them  is  too  small, 
or  because  the  oil  is  too  soluble  in  water,  or  too  much  inclined  to  decompose  by  the 
action  of  air  and  heat;  e.ff.  the  flowers  of  many  kinds  of  Nardsaus  BSid  Hyacinth ; 
of  Polyanthes  JonquUla,  Viola  odorata,  Jasminum  off.,  Pkiladelphtu  coronariua,  TUia 
ewropaa.  Reseda  odorata,  Heliotropium  europmum.  Such  flowers,  placed  in  layers 
between  cotton  soaked  in  olive  oil,  impart  their  perfume  to  the  oiL 

From  some  of  them  it  has  been  found  possible  to  extract  the  odoriferous  principle  in 
the  separate  state.  Bobiquet  (J.  Pharm.  xxi.  334)  exhausted  the  fresh  corollas  of 
Polyanthes  JonquUla  with  ether  in  compression-filters ;  separated  the  upper  yellow 
ethereal  stratum  of  liquid  from  the  lower  watery  layer ;  distilled  the  etheor  from  the 
upper  liquid  at  a  gentle  heat ;  and  obtained  a  residue  consisting  of  crystfdline  nodules, 
together  with  a  mother-liquid,  which,  when  evaporated  in  the  air  gave  off  a  strong  and 
agreeable  odour  ofjonquils.  The  ciystalline  nodules,  when  purified,  formed  an  inodo- 
rous camphor ;  and  appeared  to  be  the  odoriferous  oil  converted  into  this  camphor  by 
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exposDTC  to  ihe  air.    L.A.Biiohner  (N.  Br.  Arch.  TiiL  70)  obtained  similar  lesultB  by 
applying  Bobiqnet's  process  to  the  flowers  of  PkUaddphut,  lUiOy  and  Reseda, 

4.  The  less  volatile  oils,  and  more  especially  the  camphors,  are  likewise  frequently 
extracted  by  alcohol  or  ether,  from  which  they  are  afterwards  separated  by  evaporation 
and  cooling. 

Many  gum-resins,  such  as  myrrh,  do  not  yield  the  oil  which  they  contain,  or  at  least 
yield  it  very  imperfectly,by  distillation  with  water,  becaose  it  is  enveloped  in  gummy 
matters.  To  extract  the  oil  from  these  gum-resins,  they  are  pulverised  and  then  ex- 
hausted three  times  with  an  equal  quantity  of  cold  alcohol,  agitating  frequently,  and 
leaving  the  whole  to  stand  for  some  time ;  the  filtered  tincture  is  then  poured  into  a 
tubulated  relort>  both  apertures  of  which  are  left  open,  and  exposed  for  som^  months  to  a 
temperature  of  12^ — 21*^,  till  the  greater  part  of  the  alcohol  is  evaporated  (if  heat  were 
applied,  the  oil  would  likewise  pass  over).  The  turpentine-like  residue  is  then  covered 
with  water,  and  distilled  after  twelve  hours,  whereupon  the  oil  passes  over  in  abundance. 
(Bonastre,  J.  Pharm.  xvii  108.) 

The  product  obtained  by  either  of  these  three  modes  of  preparation  rar^  consists 
of  a  simple  volatile  oil,  but  generally  of  a  mixture  of  two  or  more  oils.  The  lighter 
and  more  volatile  of  these  is  usually  a  pure  hydrocarbon ;  the  other  is  either  an 
oil  containing  oxygen,  or  a  camphor.  These  bodies  are. sometimes  distinguished  by 
their  melting  points :  thus,  a  volatile  oil,  properly  so-called,  often  hplds  a  camphor  in 
solution,  and  tiie  latter  crystallises  out  on  cooling;  especially  if  part. of  the  volatile  oil 
(which  is  more  easily  vaporised)  has  been  previously  driven  oft  Sometimes  again  they 
are  distinguished  by  their  different  volatility ;  when  such  a  mixture  is  distilled,  the 
boiling  point  is  at  first  low,  but  rises  as  the  quantity  of .  the  more  volatile  oil  in  the 
residue  -diminisheSt  till  at  length,  when  the  whole  of  the  latter  has  passed  over 
(together  with  a  oonsiderttble  quantity  of  the  more  fixed  oili  the  boiling  point  no 
longer  rises,  but  remains  constant.  In  such  cases,  the  more  volatile  oil  generally  con- 
sists wholly  of  carbon  and  hydrogen,  while  the  more  fixed  oil  likewise  contains  oxvgen 
The  former  may  be  distilled  without  decomposition  over  fosed  hvdrate  of  potassium;, 
but  the  more  fixed  oil  when  thus  treated,  takes  up  an  additional  quantity  of  oxygen 
from  the  water  of  the  hydrate  of  potassium  (liberatinff  the  hydrogen)^  and  is  converted 
into  an  acid  which  remains  combined  with  the  potash.  Hence  to  separate  the  non- 
oxygenated  oil  from  such  a  mixture^  it  is  partly  distilled  so  as  to.  leave  behind  the 
greater  part  of  the  more  fixed  oil,  and  the  portion  which  first  passes  over  is  made  to 
drop  slowly  through  the  tubulure  of  another  retort  upon  hydrate  of  potassium  kept  in 
a  state  of  fusion  ;  the  non-oxygenated  oil  then  passes  over  pure.  (Gerhardt  and 
Gahours,  Ann.  Ch.  Phys.  [3]  i.  61.) 

If  a  volatile  oil  has  been  partly  converted  into  a  lesin  by  continued  exposure  to  the 
air,  it  may  be  freed  from  toe  resin  by  distillation  with  water.  Any  moisture  which 
adheres  to  the  oil  may  be  removed  by  continued  agitation  with.chloride  of  calfiinm,  and 
subsequent  distillation. 

Properties. — ^Volatile  oils  differ  considerably  in  colour.  Many  an  perfectly  colour- 
less when  pure,  others  are  yellow,  red  or  brown,  and  a  few  ace  green  or  blue.  All  of 
them  have  powerful  odours,  some  agreeable,  others  repulsive,  and  a  sharp  burning 
aromatic  taste ;  some  of  them  produce  a  feeling  of  coolness  on  the  tonffue.  They  are 
not  ^eesMj  to  the  touch  like  ht  oils,  but  .rather  make  the  skin  brittle  and  rough.  Their 
specific  gravity  varies  from  0*847  to  1*096 ;  but  the  greater  number  are  lighter  than 
water.  Their  solidifying  points  are  very  unequal,  some  solidifying  at  0°,  others 
requiring  a  mudi  lower  temperature,  while  others  again  remain  solid  a  few  degrees 
above  0^.  Most  of  them,  vrhen  exposed  to  a  low  temperature,  .deposit  a  solid  camphor 
or  Btearoptene  (p.  184)^  Most  volatile  oils  properly  so  called,  boil  between  16(P  and 
200^ ;  oil  of  copaiba  at  260^' ;  and  several  campnors  between  300°  and  400°. 

Volatile  oils  possess  great  refractive  and  dispersive  power,  and  exhibit  great 
diversity  in  their  action  on  polarised  light,  some  being  dextro-,  others  bevo-rotatory  in 
veiy  various  degrees,  while  a  few  are  inactive.  The  followingtable  (p.  186)  exhibits  the 
rotatory  power  of  a  considerable  number  of  volatile  oils,  together  w^th  their  refractive 
indices  for  the  lines  A,  D,  and  H,  as  determined  by  Gladstone  (Chem.  Soc  J.  xvii 
3),  also  their  specific  gravities.  The  rotatory  power  was  determined  for  a  column 
of  liquid  10  inches  long  ,*  the  same  length  of  a  solution  .of  equal  parts  of  cane-sugar 
and  water  produces  a  (kviation  of  4-   10d°. 

The  blue  or  green  colour  exhibited  by  certain  volatile  oils,  chiefly  from  plants 
of  the  Composite  order,  wormwood  and  chamomile  for  example,  is  due  to.  an  oily  com- 
pound of  a  very  deep  blue  colour,  called  cosrulein,  which  may  be  separated  by  dis- 
tillation, going  over  with  the  last  portions  of  the  oD,  but  has  not  been  obtained  pure. 
The  solution  of  this  blue  substance  in  oils  or  alcohol  exhibits,  when  examined  by 
a  hollow  wedge  and  prism  (Leoht,  iii.  638X  a  ^ery  characteristic  spectrum,  in  which 
the  orange  and   yellow  rays  are  first  absorbed,  and  at  a  certain  depth  nothing  is 
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SpeeifieCh 

raai<M 

w  and  Optical  Properties  of  Easeniial  Oils. 

Spee. 
GraT.at 

Refractive  Indlcet. 

--. 

CmdeOtti. 

TeB.li. 

A. 

D. 

B. 

Anise     •    •        •        •        • 

-9852 

16-60 

1-6433 

1-6666 

1-6118 

-  10 

Atherodpenna  nuMchfttam    . 

1*0426 

140 

r6172 

1-6274 

1-6628 

+  70 

Bay    .        .        .        .        . 

•8808 

18-6« 

1-4044 

1-6022 

1-6420 

-  50 

Betgamot    •        • 

'8826 

220 

1-4669 

1-4626 

1-4779  G. 

+  230 

„        Blocenoa 

*8804 

26-60 

1-4647 

1-4614 

1-4760  a. 

+  40O 

Birai'iMXK  • 

•9006 

8«> 

1-4861 

1-4921 

1-5172 

+  330 

Cueput       .        • 

-9203 

26'6<» 

1-4661 

1-4611 

1*4778 

0° 

•9888 

10° 

1-4966 

1-6031 

1*6204  G. 

+  43-50 

•9410 

no 

1-4843 

1-4911 

1*6144 

+  420? 

Carawaj     . 

•8846 

190 

1*4601 

1-4671 

1*4886 

+  630 

„        Hambnig  Utdiat 

•9121 

100 

1-4829 

1-4903 

1*6142 

„              >i         2nd 

•8882 

10-60 

.     • 

1-4784 

CaBcazina    .... 

•8966 

10° 

1-4844 

1*4918 

1*6168 

+  200 

Gaasia 

10297 

19-60 

1-6602 

1-6748 

1*6243  a 

00 

Cedar. 

•9622 

23<» 

1-4978 

1-6036 

1*5238 

+  30 

Cedmt 

•8684 

180 

1-4671 

1-4731 

1-4962 

+  1560 

CitTOnella   • 

-8908 

210 

1^4699 

1-4669 

1-4866 

-  40 

„         Fenang 

•8847 

16-60 

1-4604 

1-4666 

1-4876 

-  10 

doves 

10476 

170 

1-6213 

1-6312 

1*6666 

-  40 

Coriander   • 

•8776 

100 

1^4692 

1-4662 

1*4806  G. 

+  210? 

Cabebe        •        • 

•9414 

10° 

1-4963 

1-6011 

1^5160  G. 

DiU    .        .        .        . 

•8922 

11-60 

1-4764 

1-4834 

1-5072 

+  206O 

Elder. 

•8684 

8^60 

1^4686 

1-4749 

1^4966 

+ 14-60 

Eaealjptus  amygdaUni 

•8812 

13-60 

1-4717 

1-4788 

1*6021 

-1360 

„         oleoM 

•9322 

18-60 

1*4661 

1-4718 

1*4909 

+  4*» 

Indiui  geranium . 

•9043 

21-60 

1-4663 

1-4714 

1-4868  G. 

-  40 

Lavender    • 

•8903 

200 

1-4686 

1-4648 

1-4862 

-200 

Ijemon         •        . 

•8408 

16'60 

1-4667 

1-4727 

1*4946 

+  1640 

Lemongraas 

•8932 

240 

•      • 

1-4706 

.      . 

-  30? 

„           Fenang   , 

•8766 

18-60 

1-4766 

1-4837 

1*6042 

00 

Melalenca  eridfblia 

-9030 

90 

1-4666 

1-4712 

1-4901 

+  260 

„         linarifoUa 

•9016 

90 

1-4710 

1-4772 

1-4971 

+  110 

Mint  . 

•9342 

190 

1*4767 

1*4840 

1-5015  G. 

-II60 

II      •        .        • 

•9106 

14-60 

1-4766 

1-4822 

1-6037 

-130 

Myrtle 

•8911 

14° 

1-4628 

1-4680 

1-4879 

+210 

Myirh                 • 

10189 

7-60 

1-6196 

1*6278 

1-6472  G. 

-1360 

NeroU 

-8789 

I80 

1^4614 

1*4676 

1*4885  G. 

+  16° 

fi            .        .       1 

-8748 

100 

1-4673 

1*4741 

1*4831  F. 

+  280 

Nntmeg 

•8826 

240 

1-4644 

1-4709 

1*4934 

+  440 

„       Fenang . 

•9069 

I60 

1-4749 

1-4818 

1*6053 

+  90 

Ozange-peel 

•8609 

200 

1-4633 

1-4699 

1*4916 

+  320? 

II         Flore&oe  < 

•8864 

200 

1-4707 

1-4774 

1-4980 

+  2160 

Parsley 

•9926 

8-60 

1-6068 

1*5162 

J -64 17  G. 

-  90 

Patchouli    . 

•9664 

210 

1-4990 

1-6050 

1-6194  G. 

„        Fenang 

•9692 

21° 

1-4980 

1-6040 

1*6183  G. 

-1200 

II        Freneh 

1^0119 

140 

1-6074 

1-6182 

1-6202  F. 

Peppermint 

•9028 

14-60 

1-4612 

1-4670 

1-4854 

-720 

II         Florenoe  . 

•9116 

140 

1-4628 

1-4682 

1-4867 

-440 

Petit  grain  . 

•8766 

21® 

1-4636 

1-4600 

1-4808 

+  260 

Rose  .... 

•8912 

260 

1-4667 

1-4627 

1*4835 

-  70 

Bosemary    •        •        . 

-9080 

16-60 

1-4632 

1-4668 

1*4867 

+  170 

Rosewood    . 

•9064 

170 

1-4843 

1-4903 

1-5118 

-I60 

Santalwood . 

•9760 

240 

1-4969 

1-5021 

1*5227 

-500 

Thyme 

•8843 

190 

1-4696 

1-4754 

1-4909  G. 

Tuipentine . 

•8727 

130 

1-4672 

1-4732 

1*4938 

-790 

Verbena 

•8812 

200 

1-4791 

1-4870 

1*5069  G. 

-  60 

Wintorgreen 

11428 

160 

1-6168 

1-5278 

1-5787 

+   30 

Wormirood .       • 

•9122 

I80 

1-4631 

1-4688 

1*4756  F. 
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saffisred  to  pass  ezoept  the  greenish-bine  rays  and  the  axtreme  zed  band.    A  diagram 
of  this  spectmm  is  given  in  Gladstone's  paper  jnst  referred  to,  p.  14. 

Host  of  the  essential  oils  existing  ready  formed  in  plants  contain  hydrocarbons  of 
the  formnla  nC'H**.  Some,  as  the  oils  of  turpentine,  lemon,  cabebs  and  copaiba, 
consist  wholly  of  these  h^rdrocarbons ;  others  contain  also  oxidiaed  compounds ;  oil  of 
winteigreen,  for  example,  is  a  mixture  of  a  hydrocarbon,  C**H'',  with  methyl-salicyUo 
ether.  These  hydrocarbons  are  separated  by  fractional  distillation  as  above  mentioned, 
passing  orer  at  the  beginning  of  the  process,  and  are  farther  purified  l^  rectification 
orer  s^am.  The  following  table  (p.  188)  exhibits  the  densities  and  optical  properties 
of  a  oonsldeiafole  number  of  these  polymeric  hydrocarbons.  The  oils  are  arranged  ac- 
cording to  their  specific  grayitiea  at  20^  C.  The  column  headed  **  Dispeifion  at  SoP  G." 
gires  uie  difference  between  the  refractiYe  indices  of  the  lin^i  H  and  A«  The  "  seD- 
sitiveness"  is  the  amount  of  diminution  of  the  refractive  index  when  the  tempera- 
ture rises  10^ ;  it  is  cahmlated  for  the  line  A,  and  the  number  48  is  an  abbreviation  of 
0*0048.  The  "specific  refraetive  energgr"  is  the  refractive  index,  minus  unity, 
divided  by  the  density  (Light,  iii.  626).    In  the  followini;  taUe  it  is  taken  for  A,  that 

M   —1 
is  the  column  represents    -^ — - 

These  hydrocarbons  may  be  divided  into  two  ff^at  groups,  the  line  of  separation 
being  between  those  from  rosemary  and  cloves.  The  first  group,  with  a  lower  spedfio 
eravity,  has  always  a  far  lower  boiling  point»  a  smaller  mdex  of  refraction,  and  a 
higher  sensitiveness ;  it  has  also  on  the  whole  a  smaller  dispersion.  The  specific  re- 
fractive enezgy,  however,  of  the  two  groups  is  about  the  same.  The  hydrocarbons  of 
the  first  group  axe  also  generally  more  Umpid,  and  dissolve  more  fr«ely  in  aqueous 
alcohoL 

These  large  groups  are  frother  capable  of  subdivision.  The  fist  ten  hydiooazbons 
in  the  taUe  resemble  one  another  veiy  closely.  Indeed,  it  is  probable  that  the  three 
which  are  derived  from  the  peel  of  the  orange,  citron,  and  lemon  respectively,  should 
be  oonsiderad  as  identical  rather  than  isomeric ;  and  it  is  not  unlikely  that  some  of  the 
others  are  the  same  body  from  difi'erent  plants.  GauUherilene,  carvene,  and  the  hv- 
drocarbon  from  nutmeg^  form  a  small  group,  if  indeed  they  are  not  identical.  The 
hydrooubons  from  wormwood,  anise,  thyme,  mint,  and  laurel-turpentine,  group  with 
ordinary  turpentine ;  bay,  myrtle,  and  rosemary  stand  alone,,  each,  having  a  low  refrac- 
tion and  dispersion,  but  they  difRar  much  in  specific  gravity.  Peppermint  is  somewhat 
intermediate  in  its  properties.  Terebene  and  the  hydrocarbons  from  parsley  and 
JSiiiadyptu*  amygdaUna  give  high  refractive  indices.  It  is  possible  that  some  of  these 
last  contain  a  small  quantity  of  some  hydrocarbon  of  another  type  bat  neazly  the  same 
composition. 

Again,  the  second  laige  group  with  the  hieher  specific  gravities  is  capable  of  subdi- 
vision. Hie  hydrocarbons  from  doves  and  rosewood  appear  nearlv,  if  not  quite^ 
identical  in  propertiee^  and  are  certainly  different  from  patchouli,  cahunus^  and  cas- 
earilla. 

Cokmhene  diffen  from  the  second  large  group  In  much  the  same  way  as  that  differs 
from  the  flnt»  though  to  a  smaller  extent. 

All  the  members  of  the  first  great  groups  with  the  boih'ng  points  included  between 
160^  and  176°,  have  the  formiua  C*%[*',  which  is  usually  assigned  to  oil  of  tuxpen- 
tine  on  the  ground  of  its  vapour-density  and  compounds  with  the  hydracids. 

All  the  members  of  the  second  great  group,  with  boiling  points  indnded  between 
249°  and  260°  C,  have  the  formula  0**^,  wnich  is  assigued  to  oil  of  cubebs  from  its 
compound  with  hydroehlorio  add. 

Golophene,  wiw  a  boiling  point  of  815°  C.»  haa  long  had  the  formula  C^H**  assigned 

to  it 

The  specific  r^hictive  energy  is  a  property  of  bodies  intimitely  connected  with  their 
ultimate  compodtion,  and  it  might  oe  expected  that^  notwithstanding  diversities  of 
boiling  point  and  dendty,  this  property  would  be  the  same  for  the  different  isomeric 
hydrocarbons.  Yet  tliough  the  differences  are  not  great,  they  seem  to  be  real,  for  the 
lemon  group  is  uniformly  about  0'649  and  the  turpentine  group  about  0*536. 

The  phenomena  of  circular  polarisation  are  not  of  much  use  in  the  classification  of 
hydrocarbons,  or  as  a  means  of  distinction  between  the  crude  oils ;  for  it  is  found  that 
different  samples  of  the  same  hydrocarbon,  or  of  the  same  oil,  which  closely  resemble 
one  another  in  other  respects,  frequentiy  differ  widdj  in  respect  of  this  property.  ^  It 
may  be  observed,  however,  that  the  hydrocarbons  of  the  £preat  lemon-group  exhibit 
the  highest  rotatory  power,  and  alwa^  to  the  right,  excepting  that  from  cascarilla, 
which  bd<mgs  to  the  same  group,  but  is  nevertheless  quite  inactive. 

Deeampantions  of  VolaHU  Oii$,^l.  Those  oils  which  have  a  high  boiling-point  aro 
partly  decomposed  by  ample  disitll^tion,  leaving  a  reddue  of  chazooal ;  but  when  dis- 
tilled with  water,  or  gently  heated  in  the  air,  they  may  be  volatilised  without  decom- 
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Speoifio  Ora»iHe$,  Boiling  PointSf  and  Optical  Propertiea  of  Hydroearhona  from 

Essential  Oils  (Gladstone). 


Source  of  Hydrocarbon. 

Speciflc 

BolUng 
point. 

RefracttTe 

index 
A.at»0C. 

Dltper- 
lion  at 

SeQ> 
•itive 
neat. 

48 

Specific 

refracUTe 

energy. 

RotaF- 
tion. 

Orange-peel    .... 

-8460 

174°C. 

1-4646 

•0277 

-6490 

+  164® 

,,       Florance 

•8468 

1740 

1*4660 

-0281 

49 

•6491 

+260® 

Oedrat 

•8466 

1730 

1-4660 

•0280 

49 

•6492 

+180® 

Ijemon 

•8468 

173« 

14660 

-0280 

49 

•6602 

+172® 

Bergamot       .... 

•8466 

176<> 

1-4619 

•0296 

49 

6466 

+  76® 

H       Florence          , 

•8464 

176«» 

1-4602 

•0287 

48 

-6437 

+  82® 

Neroli 

•8466 

173« 

1-4614 

•0291 

47 

-6460 

+  76° 

Petit  grain     .... 

•8470 

174* 

1-4617 

•0282 

46 

-6439 

+  60® 

Caraway,  Hamburg,  lit  dist.  . 

•8466 

176° 

1-4646 

•0286 

48 

•6486 

+  180® 

DiU 

•8467 

1730 

1-4646 

•0288 

46 

•6486 

+242® 

Cascarilla       .... 

.8467 

1720 

1-4662 

0306 

49 

•6494 

0® 

Elder    

•8468 

1720 

1-4681 

*0269 

47 

•6468 

+  16® 

Bay 

•8608 

171*» 

1-4642 

•0260 

47 

•6338 

-22® 

Qaoltherilene         • 

•8610 

168^ 

1-4614 

*0271 

49 

-6422 

Natmeg 

•8618 

167« 

1*4630 

•0284 

47 

•5436 

+  49® 

„      Fenang      • 

•8627 

166® 

1'4634 

•0274 

49 

•6434 

+    4® 

Carreno .        .        •        .        . 

•8680 

166<» 

1-4610 

•0261 

48 

•6440 

-20® 

„      Hamburg,  2nd  diBt 

•8646 

•    > 

1-4641 

•0268 

48 

-6431 

+  86® 

Wormwood     .... 

•8666 

160° 

1-4690 

•0263 

47 

•6369 

+  46^ 

Terebene        .... 

•8683 

160® 

1-4670 

•0276 

48 

•6440 

0® 

Anise     •        •        •        •        • 

•8680 

160« 

1-4607 

-0268 

47 

•5368 

Mint 

•8600 

I6OO 

1-4622 

•0266 

48 

•6374 

+  30® 

Peppermint    ..... 

•8602 

176° 

1*4677 

•0267 

47 

•5321 

-60® 

Laurel  tuipentine    . 

•8618 

I6O0 

1-4637 

•0260 

47 

•6880 

+  94® 

Thyme 

•8636 

160® 

14617 

•0282 

48 

-6346 

-76® 

Turpentine  L  . 

*8644 

160° 

14612 

'0260 

47 

•6335 

+  48® 

n.       .       .       . 

•8666 

I6OO 

14690 

•0266 

47 

-6365 

-87® 

in.     .     .     . 

•8614 

I6OO 

14621 

•0249 

* . 

•6364 

-90® 

IV.      .       .       . 

•8600 

160<» 

1-4613 

•0254 

47 

-6364 

-88® 

Eucalyptus  amygdalina  • 

•8642 

1710 

1-4696 

•0323 

49 

-6434 

-142® 

Myrtle 

•8690 

163° 

1-4666 

•0248 

47 

-6263 

+  64® 

Parsley 

•8732 

160° 

1-4666 

•0291 

46 

-6366 

-44® 

Rosemary       .... 

•8806 

163° 

1-4688 

•0241 

46 

•6206 

+    8® 

Cloves 

•9041 

2490 

1*4898 

•0284 

46 

•6417 

Rosewood       .... 

•9042 

249<> 

1*4878 

•0277 

46 

•5396 

-11® 

Cubebs 

•9062 

260® 

1*4960 

•0302 

41 

•6462 

+  69® 

Calamus         .... 

•9180 

260O 

1-4930 

•0322 

42 

•6370 

+  65® 

„       Hambui^  ... 

•9276 

260® 

1*4976 

•0337 

43 

•6366 

+  22® 

Cascarilla       .        .        . 

•9212 

264° 

1-4926 

•0307 

42 

•5347 

+  720 

Patchouli        .... 

•9211 

264® 

1-4966 

•0274 

42 

•6391 

„         Penang    .        . 

9278 

267® 

1-4963 

•0276 

44 

•6349 

-90® 

„        French    • 

•9266 

260® 

1-6009 

•0262 

42 

•6412 

Colophene       .... 

•9391 

316® 

1-6084 

•0309 

41 

•6413 

00 

position.  But  eyen  the  more  volatile  oils,  when  mixed  with  earthy  substances,  such  as 
clay,  chalk,  sand,  &c.,  which  mechanically  preyent  their  volatilisation,  are  partially 
decomposed  by  distillation,  combustible  gases  being  evolved,  and  charcoal  left  behind ; 
if  they  contain  oxygen,  they  may  likewise  yield  carbonic  oxide,  acetic  acid,  &c.  When 
the  vapour  of  a  volatile  oil  is  passed  through  a  red-hot  tube,  it  is  resolved  into  com- 
bustible gases  and  charcoal,  which  is  sometimes  findy  divided,  sometimes  shining^ 
dense,  and  difficult  to  bum;  the  portion  of  the  oil  which  has  passed  oyer  undecom- 
posed  is  often  found  ^  to  be  altered  in  its  properties,  as,  for  example,  in  its  boilinff 

Soint. — 2.  Volatile  oils  are  very  inflammaUe,  and  bum  with  a  dear  flame  whi<£ 
eposits  a  large  Quantity  of  soot.  If  the  vapour  of  a  yolatile  oil  be  made  to  issue 
from  a  fine  jet,  under  a  pressure  of  1-6  centimetres  of  mercury,  it  does  not  take  fire 
till  it  has  reached  a  distance  of  some  centimetres  from  the  jet ;  that  is  to  say,  till  it 
has  become  mixed  with  four  or  five  times  its  volume  of  air ;  it  then  bums  with  a  bright 
flame,  which  no  longer  smokes,  and  may  be  used  for  illumination. — 3.  Essential  (nis, 
when  placed  in  vessels  not  perfectly  closed,  and  at  the  medium  temperature  of  the  air. 
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sbflorb  o^gen  gM ;  aeqniie  the  power  of  reddening  litmus  strongl j,  from  formation  cf 
benaoicy  cumamie,  aoetie,  and  odier  ofganie  adds;  and  are  then  partiallj  oonrerted 
into  resins,  becoming  fiscid  and  less  odoriferons,  and  passing  6om  the  ooloorless  state 
to  yellow  or  red-brown,  or  tram  blue  to  brown.    Oils  thns  altered  are  resolved  bj  dis- 
tillation into  pnre  oil  sjid  a  reeidne  of  resin.    The  absorption  of  oxygen  takes  place 
with  different  degrees  of  rapidity  in  different  oilsi    For  the  first  few  days  it  goes  on 
alowly,  then  increases  in  rapidity  up  to  a  certain  limit,  beyond  which  it  again  dimin- 
ishes, and  after  several  months  becomes  imperceptible.     During  this  cnanee,  and 
especaally  towards  the  end,  the  oil  exhales  a  small  quantity  of  carlwnic  anhydride,  and 
a  still  smaller  quantity  of  hTdroeen.    At  the  same  time,  a  small  quantity  of  very  add 
water  is  produced,  which  is  loosely  attached  to  the  resinised  oil,  but  may  be  separated 
from  it  either  by  the  application  of  heat  or  by  exposure  to  the  sun.—- 4.  A  similar  d^ 
composition  to  that  which  takes  place  in  the  air,  is  likewise  produced  by  placing  the 
oil  in  contact  with  nitrous  ffos,  which  it  rapidly^absorbs ;  also  by  boiling  the  oil  with. 
cxide  of  copper  or  peroxide  of  lead,  water  being  then  formed ;  or  by  digesting  it  with 
mercurie  nitrate  or  chloride,  these  bodies  being  thereby  converted  into  mercurous  ni- 
trate and  cslomef  respectively.    Volatile  oils  are  likewise  resinised  by  stannic  chlorida 
and  pentaehloride  of  antimony,  the  latter  often  yieldine  reduced  metaL     Oib  which 
easily  resinise  in  the  air  are  ukewise  immediately  thickened  by  agitation  with  a  warm 
oonoentrated  solution  of  neutral  ferric  sulphate, — 6.  Volatile  oils  absorb  chlorine  gas, 
with  evolution  of  heat^  and  are  converted  into  visdd  substances  (Th^nard).    Hydro* 
chloric  add  is  fluently  formed  in  this  reaction,  a  substitution  of  chlorine  for  hydrogen 
likewise  taking  place.  Bromne  exhibits  similar  reactions  (Lauren  t). — 6.  Many  volatile 
oib  proper  give  up  their  hydrogen  to  iodine  so  rapidly,  and  with  so  great  a  develop* 
ment  of  heat,  that  an  explosion  takes  place  accompanied  with  evolution  of  violet  and 
yellow  vapours.    This  is  the  case  with  the  oils  of  turoentine,  juniper,  savins,  lemon, 
rosemary,  and  lavender.    The  residue  is  a  thickened  ou  or  a  brown  add  resin.    These 
oils  lose  by  age  the  property  of  deflagrating  with  iodine. — Other  oils  dissolve  iodine 
quickly,  with  or  without  evolution  of  heat,  forming  therewith  a  brown,  thickish  oil,  or 
a  soft  or  hard  resin,  with  separation  of  a  brown  liquid  containing  hydriodic  add.  Such 
is  the  case  with  the  oils  of  dnnamon,  sassafras,  doves,  rue,  tansy,  caraway,  fennel,  and 
peppermint — 1.  Fuming  nitric  acid  decomposes  essential  oils  mostly  with  great  ra- 
pidity, the  action  being  attended  with  evolution  of  gas,  and  with  development  of  heat 
often  amounting  to  the  most  vivid  inflammation ;  those  essential  oil&  which  are  not  set 
on  fire  by  filming  nitric  add,  generally  burst  into  fiame  when  treated  with  nitric  add  to 
which  hidf  its  bulk  of  sulphuric  add  has  been  added.  After  the  combustion,  a  residue 
of  charcoal  is  left.    I^  however,  the  oil  does  not  take  fire,  there  remains  a  soft,  bitter 
resin,  which  retains  nitric  peroxide,  even  after  long  washing  with  water,  and  a  yellow 
or  brown  add  liquid  from  which  water  still  separates  a  resinous  substance.    Camphors 
are  not  so  ra]^idly  decomposed ;  several  of  them,  and  othto  volatile  oils,  are  converted 
by  heating  with  dilute  nitric  add,  partly  into  peculiar  adds  (benzoic  and  anisic  adds), 
partly  into  oxalic  add.    Many  oils  turn  yellow  when  mixed  with  one-fourth  to  one- 
half  their  weight  of  concentrated  nitric  add ;  others  first  turn  pale  red,  then  bright 
red,  and  afrer  twenty-four  hoars,  brown ;  others,  again,  acquire  a  beautiful  violet  colour 
(Bonastre). — 8.  Strong  sulphuric  acid  mixes  with  most  essential  oils,  causinff  riseof 
temperature  and  evolution  of  sulphurous  anhydride,  together  with  a  volatile  ou  which 
smells  of  strawberries ;  the  product  is  a  thick  brown  liquid,  from  which  water,  in  many 
eases,  separates  an  isomeric  compound  {e,  g,  anisoin  from  anise-oil) ;  in  other  cases,  a 
brown  add  substance,  which  behaves,  sometimes  like  artificial  tannin,  sometimes  like 
an  add  resin,  dissolves  in  alcohol  and  alkaliB,  and,  to  a  certain  extent,  also  in 
water:  heating  the  sulphuric  add  solution  causes  the  mass  to  carbonise.    Camphors, 
which  usually  dissolve  without  decomposition  in  cold  suIphToic  acid,  likewise  become 
charred  whenlieated  with  it. 

Combinations, — a.  Essential  oils  and  many  camphors  are  slightly  soluble  in  toater, 
to  the  extent  of  about  1  pt  in  1,000 ;  those  which  contain  oxvgen  dissolve  moref^ly 
than  those  which  do  not.  The  eolation  is  sometimes  obtained  by  agitating  the  volatile 
ml  with  water,  but  more  frequently  by  distilling  the  water  with  sul»tances  which  con- 
tain the  volatile  oil  The  products  are  called  Sistilled  Waters  (Amus  distiUata).  They 
are  transparent  and  colourless,  unless  the  oil  is  in  excess,  in  wbicn  case  it  remains  fiyr 
a  long  time  suspended  in  the  liquid  and  renders  it  turbid ;  thev  possess  the  taste  and 
smell  of  the  volatile  oils  which  the^  contain.  Agitation  witn  a  fixed  oil  (Da vies, 
J.  Pharm.  ix.  16),  or  with  ether,  withdraws  the  volatile  oil  from  the  water,  and  on 
evaporating  the  ethereal  solution,  the  greater  part  of  the  oil  is  left  behind  (Soubeiran, 
J.  Fharm.  xvii.  620 ;  xix.  60).  Agitating  the  water  with  common  salt  separates  a  con- 
siderable portion  of  the  oil ;  such  is  the  case  with  Aqua  Faniculi,  Mentha  piperita, 
and  Ornficmomt,  and  witii  water  containing  primrose-camphor.  (Hiinefeld,  J.  pr. 
Chem.  ix.  24.) 
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To  detemiiite  the  quantity  of  TolatQe  oil  contained  in  a  distilled  water,  lutlf  an  onnoe 
of  the  liquid  is  to  be  mixed  with  a  small  quantity  of  gelatinons  stiiieh,  and  a  solution 
of  1  grain  of  iodine  in  600  grains  of  alcohol  and  1,500  gntins  of  water  added,  with 
agitation,  till  the  oil  ceases  to  give  np  hydrogen  to  the  ^ine,  and  consequently  the 
iodine  begins  to  impart  a  bine  colour  to  the  starch.  It  must,  however,  be  obeenred, 
that  dififerrat  oils  destroy  the  blueing  properties  of  different  quantities  of  iodine,  and 
that  therefore  this  mode  of  testing  can  be  applied  only  for  eomparing  difierent  — ^mpi^ 
of  the  same  kind  of  distilled  water  one  with  the  other. 

0.  Volatile  oils  dissolre  readily  in  aHeohol,  and  most  of  them  mix  with  absolute 
alcohol  in  all  proportions.  According  to  Saussuie,  the  solubililT  of  different  oils 
increases  with  the  quantity  of  oxygen  which  they  contain ;  hence  also  the  same  oil  is 
more  readily  soluble  the  lonser  it  has  been  exposed  to  the  air.  Such  solutions  are 
obtained  by  distilling  parts  of  plants  which  contain  the  yolatile  oil  with  alcohol  and  a 
small  quantity  of  waf«r,  which  preTents  duuning  towards  the  end  of  the  distillation. 
Many  of  the  preparations  which  apothecaries  call  "  Spirits  "  are  solutions  of  this  kind,  as 
also  ferfumid  waUf^  such  as  Eau  de  Coiogne,  Laifendgr-watert  &e.  Most  camphors 
also  dissolve  readily  in  alcohol ;  there  are  but  few  which  dissolve  with  difficulty.  All  these 
solutions  bum  with  a  bright  flame,  which  is  smoky  if  the  solution  oontains  much  oiL 
When  mixed  with  water,  they  turn  milky,  from  separation  of  the  oil,  part  of  which, 
however,  remains  dissolved  in  the  aoueous  mixture.  If  a  volatile  oil  is  mixed  with 
only  a  small  quantity  of  alcohol,  it  ooes  not  become  turbid  when  mixed  with  water, 
and  only  gives  up  its  aloohol  when  repeatedly  agitated  with  fresh  quantities  of  watsKi 

Wooi'^nrit  and  acetone  behave  like  alcohol;  so  likewise  do  ether  and  several 
other  ethereal  liquids,  excepting  that  from  the  latter  the  oils  cannot  be  separated  by 
water.  SulpHde  of  earbon  mixes  in  all  proportions  with  yolatile  oils^  ana  dissolves 
camphors. 

VoUtile  oils  mix  with  fats^  dissolve  most  reeine  and  reeinoM4  ootouring  mattere^ 
and  several  organic  bases;  they  also  mix  with  one  another. 

With  the  aid  of  heat,  they  dissolve  a  tolerably  large  quantity  of  photpkorus, 
forming  a  liquid  which  shines  in  the  dark,  and  deposits  Ihe  greater  part  of  the  phos- 
phorus on  cooling. 

They  also,  when  heated,  dissolve  a  small  quantity  of  sulphur,  which  crystallises  out 
again  on  cooling ;  when  boiled  for  some  time  with  sulphur,  they  unite  in  the  decomposed 
state^  with  considerable  quantities  of  that  substance,  forming  a  brown,  greasy,  stinking 
mass^  called  VoUUUe  Balsam  of  Sulphur,  which,  if  heated  for  a  longer  time,  quickly 
evolves  a  luge  quantity  of  sulphuretted  hydrogen  gas.  Most  camphon  may  also  be 
made  to  unite  with  sulphur  and  phosphorus  bv  fusion. 

y.  Many  volatile  oils  and  camphors  absorb  large  quantities  of  hydrochloric  acid  gas, 
producing  great  rise  of  temperature,  and  forming  sometimes  oily,  sometimes  camphor- 
oidal  compounds,  in  which  the  chlorine  cannot  1^  detected  by  nitrate  of  silver.  With 
hvdrobromio  aeid  gas  they  behave  in  a  similar  manner.  Many  of  them  combine  with 
chloride  of  phosphorus  and  chloride  of  stdphur,  the  combination  being  attended  with 
evolution  of  heat.  They  likewise  absorb  small  quantities  of  carbonic  oxide,  caibonic 
anhydride,  and  nitrous  oxide  and  laiger  quantities  of  sulphurous  anhydride,  sulphy- 
dric  aeid  and  flaoride  of  calcium. 

9,  Volatile  oils  mix  readily  with  kgdroeyanie  acid,  abstract  that  acid  from  water, 
and  ibrm  a  mixture  which  does  not  readily  decompose,  and  ia  especially  heavier  than 
water  (Ittner).  They  absorb  a  few  volumes  of  cyanogen  gas,  and  dissolve  iodide  of 
eyanogen  with  &cility. 

c.  Many  volatile  oils  and  camphors  are  capable  of  mixing  with  certain  oraanic  acids 
such  as  acetic,  succinic,  benzoic  camphoric,  suberic  add,  and  the  fiitty  acios.  Strong 
acetic  acid  dissolves  many  volatile  oils  and  camphors  (^ourcroy  and  Vauquelin, 
Scher.  J.  v.  282;  Vauquelin,  Ann.  Ghim.  Fhys.  xix.  279).  Acetic  add,  which  holds 
volatile  oils  in  solution,  reduces  mercurous  nitrate  or  silver  nitrate  at  a  boiling  heat, 
but  not  so  quickly  as  formic  add.    (W alcker.) 

(.  Only  a  few  oils,  which  contain  oxygen,  and  have  a  slightly  acid  character,  via. 
creosote,  oil  of  cloves,  and  oil  of  pimento,  absorb  ammoniaeal  gas  in  abundance,  dis- 
solve in  agueous  alkalis,-^  and  form  with  these  and  other  bases,  saline  oompoundfl^  in 
which  the  odour  of  the  oil  is  destroyed. 

Volatile  oils  dissolve  oxide  of  copper  at  ordinary  temperatures,  but  reduce  it  on 
application  of  heat  (A.  Vogel);  uey  dissolve  proUmde  of  lead  with  fodlity 
(Schweitzer);  mix  with  chloride  and  fiuoride  of  ars^mic ;  and  abstract  corrosive 
sublimate  from  its  aqueous  solution,  whereby  they  become  thick  and  solid.  They  also 
separate  chloride  of  gold  from  ite  aqueous  solution ;  and  on  subsequent  exposure  to 
light,  the  gold  is  set  free  in  the  metaUic  stete. 

Adulterations  of  Volatile  Oils, — ^The  more  expensive  of  these  oils  are  often 
adulterated  with  cheaper  oils  of  the  same  class,  also  with  fixed  oils  and  with  alcohoL 
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L  With  Pixed  Oi2«.— 1.  Oils  thtui  adulterated  leave  upon  paper  a  grcasy  spot,  wbieh 
lemauis  even  after  long-oontixraed  warmine  at  100^. — 2.  When  the  mixture  ib  distilled 
with  water,  the  volatile  oil  passes  over,  while  the  fixed  oil  remainSy-and  may  be  detected 
by  saponifying  it  with  potash. — 3.  On  dissolving  the  volatile  oil  in  three  times  ita 
volume  or  80  per  cent  akokol,  the  greater  part  of  the  fixed  oil  remains  undis- 
solved. 

IL  With  Alcohol, — L  When  the  proportion  of  alcohol  is  large,  the  greater  port  of 
it  may  be  extracted  by  wafer,  the  liquid  acquiring  a  milky  turbidity.  Hence  the 
quantity  of  alcohol  may  be  determined  by  shaking  up  the  oil  with  an  equal  bulk  of 
water  in  a  graduated  test-tube,  and  observing  the  dimmntion  of  volume  (Li po wits). 
The  result,  however,  is  not  ^uite  accurate^  because  the  separated  oil  still  retains  a 
portion  of  alooh<^ — ^2.  The  mixture^  when  distilled  with  water,  gives  df  the  aloohol 
at  Uie  very  beginning  of  the  distillation  ;  and  this  first  distillate^  when  concentrated 
by  rectification  yields  alcohol,  easily  recognised  by  its  smell,  taste,  density,  boiling 
point,  and  flame. — 8.  Into  a  graduated  tnbe^  two>thirds  filled  with  the  oil,  some 
pieces  of  chloride  of  eakivmi,  frM  from  dust,  are  introduced,  and  the  whole  is  heated  for 
five  minutes  on  the  water-bath,  with  firequent  agitation.  If  no  alcohol  is  present,  the 
lumps  of  chloride  of  calcium  appear  unaltered  after  cooling ;  if  a  small  quantity  is 
present,  they  appear  effloresced  and  baked  together ;  and  a  boger  quantity  causes  them 
to  deliquesce  with  the  alc(^ol  into  a  fiuid  layer,  the  oil  floating  on  the  t<^  and  appear- 
ing diminished  in  volume  in  proportion  to  the  quantity  of  al^hol  present — 4.  PotaS' 
nwm  oxidises  in  the  alcoholised  oil,  with  evolution  of  ^;  and  the  more  quickly  as  the 
proportion  of  alcohol  is  greater.  Twelve  drops  of  the  oil  are  poured  into  a  watch-glass, 
and  a  piece  of  potassium  as  large  as  a  pin's  head  is  introduced.  If  the  potassium  re- 
mains unaltered  for  12  to  15  minutes,  the  oil  is  pure,  or  at  least  does  not  contain  more 
than  4  per  cent  alcohol;  if  it  disappears  in  less  than  a  minute,  the  oil  contains  25  per 
cDut  alcohol  or  more. — 5.  A  pure  volatile  oil  agitated  with  an  equal  volume  of  olive' 
oil  yields  a  dear  mixture ;  whereas  that  which  contains  aloohol  forms  a  turbid  mixture 
the  aloohol  being  separateid.    (Righini,  J.  chim.  m6d.  xx.  351.) 

m.  AdulteraHons  of  expensive  Oils  with  OH  of  Turpentine. — 1.  The  presence  of  this 
adulteration  may  be  detected  by  the  smell,  especially  on  rubbing  the  oil  between  the 
handa^  or  after  setting  it  on  fire  and  then  blowing  it  out — 2.  Since  oil  of  turpentine  is 
less  soluble  in  hydratod  alcohol  than  many  other  oils,  the  suspected  oil  may  be  agitated 
with  its  own  bulk  of  80  per  cent,  alcohol ;  if  oil  of  turpentine,  anise,  or  fennel  be  pe- 
sent,  the  solution  is  incomplete. — 8.  Oil  of  turpentine  mixes  much  more  easily  with^ni 
oile^  than  tlie  oils  of  maijoram,  lavender,  valerian,  sage,  peppermint,  or  wormwood. 
I^  therefore,  3  grms.  of  the  suspected  oil  be  agitated  with  8  grms.  of  poppy  oil,  and 
the  mixture  remains  turbid,  we  may  conclude  that  the  oil  is  not  mixed  with  turpentine ; 
for  even  a  small  quantity  of  the  latter  would  render  the  mixture  clear.  This  method 
is  not  applicable  to  the  oils  of  thyme  and  rosemary  (Mero,  J.  chim.  m^  xxi.  93). — 
4.  Many  volatile  oils  dissolve  the  tiolooring  matter  of  eandal^oood,  but  oil  of  turpentine 
does  not ;  Uie  presence  of  the  latter  will,  therefore,  diminish  the  solvent  power  of  the 
ot^er  oil  (V  oget,  Ann.  Fharm.  vi.  42). — 5.  Oil  of  turpentine  becomes  strongly  heated 
and  detonates  by  contact  with  iodine!  many  other  oils  do  not ;  but  if  the  latter  are 
mixed  with  only  a  small  quantity  of  oil  of  turpentine,  they  likewise  detonate  by  contact 
with  iodine.    (T  u c  h  e  n.) 

OlMAMVrMm    An  old  name  for  Anatase,  from  Oisans  in  Dauphiny. 

OKBflTB.  I>uaclaeite.^~A.  hydrated  silicate  of  calcium,  occurring  m  the  FaroS 
Islands,  Iceland,  and  Greenland,  sometimes  in  prismatic  crystals,  probably  trimetrie 
and  having  the  angle  ooP  :  ooP  «  122^  19',  but  more  generally  massite  and  fibrous. 
Hardness  -  4-5  to  5.  Spedflc gravity  s2'362  (Gonnell);  2*28(Kobell).  White, 
with  a  shade  of  yellow  or  blue,  and  a  pearly  lustre.  Often  opalescent,  subtransparent 
to  subtranslucent  Very  tough.  Analysis  1  isbyv.  Hauer;2byKobell  {Ban^ 
mdeher^e  Mineralehemie,  p.  504): 

810*.       F«40\       C«sO.       Na«0.      K<0.       H*0. 

1.  Disooe  Island,  Greenland    54-81       .    .       27*23      .    .       .    .       1804 » 10008 

2.  FaroS       ....  57-69      054      26-83      044      0-23      1471  =  100-44 

These  analyses  lead  to  the  formda  Ca'0.2SiO*.2HK>  or  perhaps  Cca''H>SiH)«.H^, 
which  is  that  of  a  hydrated  metasilicate. 

OlAASODa.  C'*H"*NO  «  N.H*C<"H"0.— Produced  b^  the  action  of  alcoholic 
ammonia  on  oil  of  almonds  (Rowney,  Ed.  PhiL  Trans,  xxi.  pt  2;  Chem.  Soc.  Qu. 
J.  viL  200),  or  oil  of  hasel-nuts  (Car let  Bull  Soc.  Chim.  1859,  p.  73),  and  purified 
by  pressure  and  reciystallisation  from  alcohoL  It  forms  crystalline  nodules ;  begins 
to  melt  at  79°,  becomes  perfisetly  fluid  at  81°,  and  solidifies  to  a  semi-transparent  mass 
at  78°  (Rowney);  at  75°  to  a  highly  crystalline  mass  (Carle t).    It  is  insoluble  in 
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wateTf  but  dusolTee  easily  in  wtana  alcohol;  becomes  yellow  and  rancid  when  exposed 
to  the  air;  and  is  decomposed  by  heating  in  a  sealed  tabe  with  alcoholie  potash, 
yielding  oleate  of  potassium  (Carlet).  It  is  also  decomposed  by  fosion  with  hydrate 
of  potassium,  not  by  boiling  with  aqneons  potash.    (Bowney.) 

The  conversion  of  oils  and  &ts  into  amides  by  the  action  of  ammonia  was  first 
noticed  in  1844  by  Boullav  (J.  Pharm.  ▼.  329),  who  however  did  not  obtain  them 
pure,  and  regarded  the  prodnets  obtained  from  different  oils  as  one  and  the  same 
amide,  which  he  called  marffaramide. 

EuoDAiciDn,  isomeric  with  oleamide,  is  obtained  by  enclosing  1  voL  elaidin 
(prepared  from  almond-oil  with  nitrous  acid)  with  4  vol.  aqueous  ammonia  and  2  vol. 
alcohol.  It  forms  colourless  shining  needles  which  melt  partially  at  92^,  and  com- 
pletely at  94^,  the  liquid  solidifying  to  an  opaque  mass  at  91^.    (Bowney.) 


OlaMMMMm    Syn.  with  Koktuenx. 
OliBTZAWT  OAS.    Syn.  with  ErnTUDnL 


Hydrocarbons,  C"H^,  homologous  with  ethylene;  so  called  from 
their  property  of  forming  oily  compounds  with  bromine  and  chlorine,  like  Dutch  liquid 
(see  Htdbocabboks,  iii.  187). 

.    C'«H»«0*  -  ^"JJ^^Jo.    Chevreul,  Recherche*  eur  lea  corp$ 


ffraa,  p.  206. — ^Varrentrapp,  Ann.  Ch.  Pharm.  xxxv.  196. — Gusserow,  Kastner's 
Archiv.  1  Chem.  u.  Meteorol.  i.  73. — Lauren t>  Ann.  Ch.  Phys.  Ixv.  149. — Gottlieb, 
Ann.  Ch.  Pharm.  IviL  40. — Heintz,  Pogg.  Ann.  Izxxiii.  555 ;  Ixzxiz.  583 ;  zc.  143. — 
Berth el^t,  Ann.  Ch.  Phys.  [31  zli.  243. — The  liquid  acid  obtained  by  the  saponi- 
fication of  non-drying  oils  and  solid  fats.  Under  the  influence  of  nitrous  acid,  it  is 
transformed  into  a  solid  modification  called  elaidic  acid. 

PreparaHon,  In  the  manufacture  of  stearin-candles,  oleic  acid  is  obtained  by 
treating  with  dilute  sulphuric  acid  the  lime-soap  produced  by  the  action  of  lime  upon 
tallow.  The  fatty  acids  resulting  from  the  decomposition  are  washed  with  hot  wat^r, 
and  solidify  in  mass  on  cooling ;  and  this  mass  when  subjected  to  pressure,  yields  a 
liquid  rich  in  oleic  add,  but  still  retaining  a  considerable  quantity  of  stearic  acid. 
After  remaining  for  some  time  in  a  cold  place,  it  deposits  a  quantity  of  solid  matter, 
and  the  liquid  decanted  from  this  is  sent  into  the  market  as  oleic  acid.  It  is  an 
impure  acid  containing,  besides  stearic  add,  a  certain  quantity  of  oxy-oleic  acid  pro- 
duced  by  the  oxidising  action  of  the  air. 

To  obtain  pure  oleic  add,  olive  or  almond  oil  is  saponified  with  potash ;  the  soap  is 
decomposed  by  tartaric  add ;  and  the  separat«d  fatty*  add,  after  being  washed,  is 
heated  for  some  hours  in  the  water-bath,  with  half  its  weight  of  oxide  of  lead  pre- 
viously reduced  to  fine  powder.  The  mixture  is  then  well  shaken  up  with  about  twice 
its  buUL  of  ether,  which  dissolves  the  oleate  of  lead  and  leaves  the  stearate ;  the  liquid 
after  standing  for  some  time  is  decanted  and  mixed  with  hydrochloric  add ;  the  oleic 
add  thereby  eliminated  dissolves  in  the  ether,  and  the  ethereal  solution  which  rises  to 
the  surface  of  the  water  is  decanted*  mixed  with  water,  and  freed  from  ether  by  dis- 
tillation. The  residue  is  nearly  pure  oldc  add,  containing  only  a  small  quantity  of 
ozy-oleic  acid.  To  free  it  from  tms,  it  is  saturated  with  ammonia,  and  the  resulting 
Boap  is  decomposed  by  chloride  of  barium,  whereby  a  precipitate  of  oleate  and  oxy- 
oleate  of  barium  is  formed,  which  after  drying  is  treated  with  boiling  alcohoL  The 
solution  on  cooling  deposits  crystals  of  oleate  of  barium,  the  oxy-oleate  remaining 
in  solution  ;  and  f^m  Uiese  crystals  the  oleic  acid  may  be  separated  in  the  pure  state 
by  means  of  tartaric  acid  dissolved  in  water  which  has  been  previously  fr^ed  frY)m  air 
by  boiling,  the  decomposition  and  the  subsequent  washing  being  carried  on  in  such  a 
manner  as  to  protect  the  oleic  acid  from  the  action  of  the  air. 

The  mode  of  purification  just  described  may  be  applied  to  commercial  oleic  acid. 

Properties. — Oleic  acid  crystallises  from  alcoholic  solution  in  dazzlins;  white  needles, 
and  melts  at  14°  to  a  colourless  oil,  which  solidifies  at  4^  to  a  hard,  white,  crystalline 
mass,  expxindinff  at  the  same  time  to  such  an  extent  that  the  remaining  liquid  is  ex- 
truded (Gottlieb).  Spedfic  gravity-0-808  at  19«  (Chevreul).  The  acid  volatilises 
in  vacuo  without  decomposition  (Chevreul,  Laurent).  It  is  tasteless  and  inodorous, 
reacts  neutral  when  unaltered  (not  oxidised),  also  in  alcoholic  solution  (Gottlieb). 
It  contains,  according  to  the  mean  of  GbttlieVs  analyses,  76'34per  cent,  carbon,  and 
12- 14  hydrogen,  the  formula  C'»H«*0«  requiring  76*59  G,  12-06  U,  and  11-86  O. 

Oleic  acid  is  insoluble  in  water,  very  soluble  in  alcohol,  and  dissolves  in  all  pro- 
portions in  ether.  Cold  strong  sulphuric  add  dissolves  it  without  decomposition.  It 
dissolres  solid  fats,  stearic  acid,  palmitic  acid,  &c.  (Chevreul),  and  is  dissolv^  by 
bile,  with  formation  of  a  soap,  and  strong  add  reaction.  (Marcet,  PhU.  Mag.  [3] 
zvii.  145.) 
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LeoomwmHoM. — ^In  the  solid  state  oleic  acid  oxidises  but  slowly  in  the  air ;  but  in 
the  liquid  state  it  rapidly  absorbs  oxygen,  acquires  a  rancid  taste  and  smell,  and  a 
decid^  acid  reaction,  no  longer  ctystallises  at  low  temperatures,  and  forms  with  baiyta 
a  salt  Teiy  soluble  in  alcohoL  At  100°  it  absorbs  oxygen  more  rapidly  than  at  ordinary 
temperatures,  and  gives  off  carbonic  anhydride.     (Gottlieb.) 

2.  Oleic  add  is  decomposed  by  distillation,  yielding  sebaeic  add,  the  proportion  of 
which  is  greater  as  the  oleic  add  is  more  nearly  pure;  the  other  products  of  the  de- 
composition are  capiylic,  caproic,  and  acetic  acids,  several  gaseous  hydrocarbons,  and 
carbonic  anhydride.  The  formation  of  sebadc  add  by  distillation  serves  to  distinguish 
oleic  acid  from  other  oily  adds.    (V arr e n  t r a p p.) 

3.  Oleic  add  heated  with  hydrate  of  potassium  griyes  off  hydrogen,  and  forms  pal- 
mitate  and  acetate  of  potassium  (Varrentrapp): 

QxtguQt  ^   2KH0     «     C»"H»'KO«  +   C«H«KO»  +  H». 

4.  Distilled  with  one-fourth  its  weight  of  quieklime,  it  yields  a  neutral  unsapo- 
niflable  liquid,  probably  oleone  (Bussy,  Ann.  Gh.  Pharm.  ix.  271).  When  10  pts.  of 
crude  oleic  acid  are  mixed  with  3  pts.  of  slaked  lime,  then  with  8  pis.  soda-lime,  the 
mass  distilled,  and  the  distillate  collected  in  a  cooled  receiver,  liquid  raoducts  are 
obtained,  amounting  to  two-thirds  of  the  oleic  add,  and  gases  are  given  off  consisting 
chiefly  of  ethylene,  tetrylene,  amylene,  and  olefin  es  of  higher  atomic  weight. 
(Berthelot,  Ann.  Ch.  Fhys.  [3]  liii.  200.) 

5.  Oleic  add  distilled  with  sulphur  gives  off  sulphydric  add,  and  yields  a  red- 
brown  stinking  oil,  called  by  Anderson  sulphide  of  odmyl,  but  perhaps  consisting 
mainly  of  tetrylic  mercaptan  (p.  173). 

6.  Chlorine  and  bromine  in  presence  of  water,  convert  oleic  add  into  dichloroleic 
and  dibromoleic  adds  respectively:  iodine  exdtes  no  action  upon  it  (Lefort).  Bromine 
added  drop  by  drop  to  pure  oystallised  oleic  add,  forma  tribromo-dioleic  ado.  (Burg, 
p.  194.) 

7.  Strong  sulphuric  acid  dissolves  oleic  add,  forming  a  solution  which  is  predpitated 
by  Water;  on  heating  the  liquid,  it  blackens  and  gives  off  sulphurous  anhydride. 
(Gottlieb.) 

8.  nitrous  acid  oonverta  oleic  add  inta  elai die  acid,  a  solid  body  isomeric 
with  it. 

9.  Strong  nitric  acid  attacks  oleic  add  with  violence,  giving  off  red  nitrous  vapours, 
and  producing  volatile  adds  of  the  series  OHM)*,  vie  acetic,  propionic,  butyric^ 
valenc,  caproic,  oenanthylic,  capiylic,  pelar^nic,  and  capric  adds ;  and  fixed  adds  of  the 
series  OH^-^0*,  viz.  suberic,  pimelic,  adipic,  lipic,  and  aselaic  adds,  the  number  and 
proportion  of  these  products  varying  with  the  duration  of  the  action. 

Oleic  add  heatea  with  an  equal  weight  of  glycerin  yields  triolein ;  with  excess  of 
glycerin,  monolein.  Heated  with  glycerin,  and  hydrochloric,  tartaric,  phosphoric^ 
or  sulphuric  add,  it  yields  oleins  containing  also  the  radide  of  the  second  add, 
(Berthelot.) 

Outhraa.  The  formula  of  the  neutral  oleatesis  C»H"TJiO«  or  C^B.^*WO\  accord- 
ing to  the  atomidty  of  the  metal :  there  are  likewise  add  oleates.  The  neutral  oleates 
of  the  alkali-metals  are  soluble  in  water,  and  not  so  completely  precipitated  from  their 
solutions  by  the  addition  of  another  soluble  salt,  as  the  stearates  and  palmitates.^  The 
add  oleates  aro  liquid  and  insoluble  in  water. 

The  oleates  dissolve  in  cold  absolute  alcohol  and  in  ether,  a  property  by  which  they 
may  be  distinguished  and  separated  from  the  stearates  and  palmitates. 

it  is  somewhat  difficult  to  prepare  the  oleates  in  a  state  of  purity,  in  consequence  of 
the  rapidity  with  which  oleic  aad  oxidiseb  in  contact  with  the  air.  The  best  mode  of 
proceeding  is  to  decompose  oleate  of  barium  with  the  sulphate  of  the  base  which  is  to 
be  combined  with  the  oleic  add.  The  two  salts  aro  pounded  together,  and  digested 
in  a  dosed  flask  at  a  gentle  heat  with  alcohol  of  specific  gravity  0*838.  Sulphate  of 
barium  is  then  formed,  and  the  oleate  of  the  other  base  dissolves  in  the  alcohol,  from 
which  it  may  be  freed  by  distillation  in  a  current  of  hydrogen. 

Oleate  of  Ammonium  is  gelatinous  and  soluble  in  water.  It  may  be  produced 
by  digesting  oldc  add  in  the  cold  with  aqueous  ammonia. 

Oleate  of  Barium,  C"H>^aO«  or  C"H«*Bba"0«,  the  preparation  of  which  has 
already  been  described  (p.  192),  is  erystalline  and  infusible  at  100^  when  pure,  but 
when  altered  by  contact  with  the  air,  it  melts  below  100^. 

It  dissolves  in  warm  dilute  alcohol,  and  the  solution  on  cooling  depodts  flocks  con- 
sisting, according  to  Gossmann  (Ann.  Ch.  Pharm.  Ixxxvi.  822),  of  an  add  salt 
C»«H«BaO*  or  C'^«TBba''0*.2C"H»*0«. 

The  oleates  of  calcium  and  atronUvm  dosely  resemble  the  neutral  barium  salt 

Oleate  of  Chromium  is  amorphous  and  violet  coloured. — Oleate  of  cobalt  is 
Voi.  IV.  O 
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bluish  and  piilTEnilent.^0^a^  of  copper  xb  a  green  precipitate  eztremelT  fluiUe,  po^ 
ftcUy  fluid  at  100^. 

Oleate  of  Cobalt,  Oleate  of  potaesium  added  to  a  hot  loltttioB  of  aolphate  of 
cobalt,  forms  flzet  a  bluish-green,  tnen  a  green  pracqpitate^  ▼hieh  settles  down  Teiy 
slowly.    (Chevreul.) 

Oleate  of  Copp  e  r.  By  predpitatiDg  enpric  sulphate  with  oleate  of  potassium  or  by 
warming  oleic  acid  with  cupric  oxide,  a  salt  of  fine  green  colour  is  obtained,  whicn 
becomes  quite  fluid  at  100^  (Chevreul).  It  dissolves  in  all  proportions  in  alcohol 
with  bluish-green  colour;  wiui  a  small  quantity  of  alcohol,  it  fonns  anoil.  (Unyer- 
dorben.) 

Oleatea  of  Lead.  The  neutral  salt,  C"H»«PbO«  or  C"*H^b''0*,  is  prepared  by 
dissolving  oleic  add  in  absolute  alooholj  adding  an  excess  of  dry  carbonate  of  sodium 
and  heating  gently,  so  that  the  vapour  of  the  lucohol  may  expel  the  air  from  the  flask. 
As  soon  as  the  liquid  exhibits  an  alkaline  reaction,  it  must  be  rapidly  filtered,  slightly 
diluted  with  water,  and  1^  to  cool  with  the  vessel  covered  ;  then  precipitated  with 
neutral  acetate  of  lead,  again  quickly  filtered,  and  the  precipitate  of  oleate  of  lead 
washed  in  a  eo(d  place.  After  drying  in  a  vacuum,  it  forms  a  light  white  powder,  which 
melts  at  80^  to  a  yellow  liquid.  It  dissolves  very  slowly  in  cold  ether,  out  quickly  in 
boiling  ether  if  well  stirred.  It  is  likewise  soluble  in  oil  of  turpentine  and  in  rock-oil, 
the  solution  saturated  while  hot  solidifying  in  a  gelatinous  mass  on  cooling. — When 
idtered  by  contact  with  the  air,  it  beoomea  gelatinous.    (Gottlieb.) 

A  basie  oleate  of  lead,  C"^*^b''0«.Ppb''0,  is  obtained  by  boiUng  oleic  acid  with 
excess  of  basic  acetate  of  lead.    It  is  soft  at  20°  and  liquid  at  100°.    (Ch  evrenl.) 

Oleate  of  Magneeiwm,  C>*H**MgO*  or  (7«H**Mag''0\  is  granalar,  soft  and 
diaphanous.    (ChevreuL) 

Oleatee  of  Mereury.  The  mereorie  salt  is  preeipitAted  in  white  flocks,  which 
become  greasy  when  washed,  and  dry  up  to  a  soud  mass ;  it  dissolves  sparingly  in 
cold  alcohol,  more  easily  in  hot  alcohol  and  in  ether  (Harff,  K.  Br.  Arch.  v.  306). — 
The  mercurous  saltf  C'*H*'Hhg'0',  forms  greyish-white  flocks,  becoming  bluish  when 
dry.  Insoluble  in  water  and  in  cold  alcohol,  soluble  in  hot  alcohol,  and  in  ether 
whether  hot  or  cold.  Forms  with  ammonia  a  blade  powder  containing  ammonia. 
(Harf£) 

Oleate  of  Nickel  is  a  greeaiah-yellow  precipitate  which  settles  down  slowly. 
(ChevreuL) 

Oleatei  of  Potaeeium.  The  nmUral  §aU,  C'"H"KO*,  obtained  by  heating  equal 
parts  of  potash  and  oleic  acid  with  a  small  quantity  of  water,  forms  a  gelatinous  mass 
which  may  be  purified  by  dissolving  it  in  alcohol.  The  solution  evaporated  to  dryness 
leaves  a  white  friable  odouriess  stdt^  which  deliquesces  in  moist  air,  dissolves  com- 
pletely in  4  pts.  of  water,  forming  a  viscid  liquid;  a  larger  quantity  of  water  decom- 
poses it,  separating  a  gelatinous  mass  of  the  acid  salt.  It  is  decomposed  by  acids, 
even  by  oarbonic  acid,  when  a  stream  of  the  latter  is  passed  through  the  aqueous 
solution  cooled  to  5^.  Acid  oleate  of  potassium  is  insoluble  in  water,  but  solnble  in 
alcohol  even  in  the  cold ;  the  solution  has  an  acid  reaction. 

Oleate  of  Silver,  Produced  by  double  decomposition,  but  reduces  ahnost  as 
soon  as  formed. 

Oleate  of  Sodiunit  C"H*"I^aO*,  is  obtained  like  the  neutral  potassium-salt.  Ac- 
cording to  Varrentrapp,  it  crystallises  when  its  solution  in  boilins  absolute  alcohol  is  left 
at  rest  It  dissolves  in  10  or  12  parts  of  water,  but  is  not  dehquescent  By  contact 
with  the  air  it  becomes  gelatinous. 

Oleate  of  Zinc.    White  powder  melting  below  100^.    (ChevreuL) 

Chlorine-  and  Bromine-'derivatives  of  Oleic  acid, 

1.  Dichloroleio  acid,  C»H«C1*0«.— Obtained  by  the  action  of  chlorine  on  oleic 
acid  in  presence  of  water.  Brown  oil  of  specifle  gravity  1*082  at  8°,  more  viscid  than 
oleic  acid.    Beddens  litmus.    Boik  at  190°.    (Lefort,  J.  Pharm.  [3]  xxiv.  113.) 

2.  Dibromoleic  acid,  C"H'*Bi*0». — Obtained  in  like  manner.  Brown  oil  of 
specifle  gravity  1-272  a^  7*5°.    Beddens  litmus.    Boils  at  200°.    (Lefort) 

3.  Tribromo-dioleicacid,(?'R*'Bi*(y.  Produced  byadding  bromine  drop  by  drop 
to  pure  crystallised  oleic  acid.  Viscid  liquid  having  an  agreeable  odour,  soluble  in 
alcohol  and  ether,  decomposible  at  170°.  It  is  mon^iasio  and  forms  uncrystallisable 
salts.  The  barium-salt  is  a  pitchy  mass  soluble  in  ether,  insoluble  in  alcohoL  The 
acid  treated  with  moist  silver-oxide  yields  oxy -oleic  acid,  in  the  form  of  a  viscid 
liquid  having  a  rancid  odour  and  solidifying  after  some  time.  It  is  monobasic,  and 
forms  a  gummy,  deliquescent  barium-salt.    (Burg,  J.  pr:  Chem.  xdii  227.) 
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Acids  relaUd  to  Oleic  aeid. 

a.  HrOBOLno  and  Mitolsio  Acids. — ^When  snlphoHe  acid  (produced  by  the 
action  of  Bulphtiric  acid  apon  olein  at  lev  temperatures)  is  left  to  itself  in  the  cold,  it 
vields  an  oily  add  called  bj  Fr^mj,  meta-oUie  acid.  It  b  insoluble  in  water,  very 
•paringlj  soiuble  in  alcohol,  reiy  soluble  in  ether.  It  gave  by  analysis  76*7  per  cent, 
earbon,  and  11*9  hydrogen. 

Bydroleic  aeid  is  obtained,  aoeordinff  to  Fr^mr,  by  boiling  the  sulpholeic  aeid 
after  all  the  meta<^eic  aeid  has  been  deposited.  It  is  oil^,  insoluble  in  water,  reiy 
Fohible  in  alcohol  and  ether,  and  contains,  according  to  Fre  my,  72-9 — 78*8  per  cent, 
cazbooy  and  11*8 — 11*9  hydrogen.  Both  these  adds  are  decomposed  by  dry  distillation, 
yielding  carbonic  anhyoride  and  oily  hydrocarbons  homologous  with  ethylene,  vis. 
hezylene  and  nonylene. — (Fr^my,  Ann.  Ch.  Fhys.  Izr.  128).  The  composition,  and 
indeed  the  existence  of  these  adds,  is  very  doubtM. 

$.  EuoDic  Acm,  the  solid  fatty  acid  isomeric  with  oleic  acid,  produced  by  the 
action  of  nitrous  add  on  the  laU«r,  and  LnioLBZc  Acid,  the  fatty  add  of  drying  oils, 
have  been  already  described  (ii.  368 ;  iii  700). 

O&SZO  BTUBS.  Olbatb  of  Bthtl  or  Oleic  Ether,  C^H^O*  -  G»H"(C*H*)0*. 
^Laurent,  Ann.  Ch.  Fhys.  xxzt.  298.  Varrentrapp,  Ann.  Ch.  Fharm.  tttv. 
206.) — This  ether  is  obtained  by  passing  dry  hydrochloric  add  gas  into  a  solution  of 
oldc  Mcid  in  about  three  times  its  volume  of  alcohol  Etheriflcation  takes  place  in  a 
few  minutes,  and  the  ether  separates  from  the  liquid.  It  may  also  be  prepared  by 
treating  oleic  add  with  a  mixture  of  alcohol  and  siuphurio  add. 

Oleic  ether  is  a  colourless  liquid  of  specific  gravity  0*87  at  18^ ;  soluble  in  alcohol 
and  decompodble  by  distillation.  Mercuric  nitrate  traosforms  it  in  24  hours  into 
elaidic  ether  (ii.  880). 

Olsatb  of  Msthtl,  C>*H^*  -*  C'«H^CH^)0',  obtained  in  like  manner,  is  an 
oily  liquid  of  specific  gravity  0*879  at  18^ ;  it  is  converted  by  mercuric  nitrate  into 
ehddate  of  methyl. 

OuiATis  OF  Gltcbbtx..  Olsdcb. — Three  of  these  compounds  have  been  obtained  by 
hf^trTT^g  oleic  add  with  glycerin  in  sealed  tubes,  viz. : 


Monoldn  ....        C«H*0*      - 


(C-H^J^jO. 


H«.C"H« 
Triolda      .  ...       C»^»«0« 


( 

They  result,  like  other  g^ycerides,  ftom  the  union  of  the  add  and  glycerin,  with 
elimination  of  the  elements  of  water. 

Monolein,  0*»H*^)^  -  C»*H»*0«  +  CTH"0»  -  H*0,  is  an  oily  liquid  which  soU- 
difiM  at  about  16^.  Spedfic  gravity  4*947.  (Analysis  71'4  per  cent.  C  and  11-66  H; 
calc  70-8  C  and  11*3  M).-*It  is  very  slowly  saponified  by  oxide  of  lead.  Alcohol  and 
acetic  acid  do  not  decompose  it  at  100^,  a  property  which  it  shares  with  natural  olein« 
In  the  barometric  vacuum  it  volatilises  wiihout  decomposition. 

It  may  be  produced  by  heating  glycerin  and  pure  oleic  acid  to  200°  in  a  sealed  tube 
for  18  hours,  or  a  mixture  of  oleate  of  ethyl,  glycerin,  and  hydrochloric  add  to  lOO''. 

Diolein,  C*H'«0»  -  2C»H*«0*  +  C«H"0»  -  2H*0,  is  obtained  by  heating 
natural  olein  (triolein)  with  glycerin  to  100°  for  22  hours.— Its  specific  gravity  is  8*921 
at  21*'.  It  begins  to  crystallise  at  about  16°.  It  gave  by  analysis  736  per  cent  C 
and  11-96  H  (calc  762  C  and  12*1  H,  firom  the  formula  C*H'^0«).* 

Triolein,  C*»H»»«0«  ■•  8C»»H»*0*  +  C'H"0*  -  8H'0,  is  obtained  by  heating  to 
200°  a  mixture  of  equal  weights  of  oleic  add  and  glycerin,  decanting  the  layer  of  fatty 
matter  after  the  reaction  is  finished,  mixing  it  with  16  to  20  times  its  weight  of  oldc 
add,  and  heating  again  to  240°  ibr  four  hours.  The  neutral  matter  is  extracted  with 
lime  and  ether,  the  solution  is  treated  with  animal  charcoal,  then  concentrated  and  mixed 
with  8  or  10  times  its  volume  of  common  alcohol,  and  the  triolein  thereby  predpitated 
is  collected  on  a  filter  and  dried  in  vacuo. 

Triolein  is  liquid  at  100°.    In  contact  with  the  air,  it  gradually  turns  add.    It  is 

*  TheformuUe  orfghMlIy  istlgned  m  Bertlielot  ta  •nmeofthc  glycttridet  oonlain^ig  Sat.  of  the 
acid  nMltcle.  ware  ftninded  on  the  •upimsition  that  the  formation  of  th«M  diacid  compounds  wa«  Mttended 
with  th^  elimination  of  only  one  1  at.  H«0;  Iwt  a«  inch  a  mode  of  formation  it  not  cooslrtent  with  that 
of  the  other  Klyceridet,  or  indrcd  of  compound  ethert  in  generAl,  and  aa  rooreojer  It  »•  ▼«/  dlOcult  to 
abUin  the  dlaeld  alyceridea  pure,  tt  i«  m«re  proiialjle  that  in  the  formallon  of  then  diacid  giyceridea 
X  at.  IPO  are  etimloated. 
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slowly  saponified  by  oxide  of  lead.    Analysis  77*6 — 77*2  per  cent.  C  and  12*2 — 11'5 
H ;  ealc.  77*4  C  and  11*8  H. 

The  o  1  e  i  n  of  animal  fatsand  non-drying  oils  (drying  oils  contain  a  different  glyoeride) 
appears  to  be  identical  with  triolein.  Its  composition  has  not,  however,  been  exactly 
determined,  for  there  is  great  difficulty  in  obtaining  it  pnre. 

CheTrenl  prepared  it  by  boiling  human  feit,  hog's-laid,  goose-fat,  or  beef  or  mutton 
suet  in  a  flask,  filtering  the  solution  after  leaving  it  to  stand  for  24  hours,  concentrat- 
ing a  little  by  evaporation,  adding  water  which  separates  the  olein,  then  exposing  the 
piquet  to  cold,  and  separating  the  liquid  from  the  solid  portion  by  pressure.  In  thia 
manner  olein  is  obtained  which  does  not  solidify  at  0^  C. 

Olein  may  also  be  prepared  from  olive  oil  and  other  glycerides  containing  it>  by 
pouring  upon  the  fat  a  cold  strong  solution  of  caustic  soda,  which  saponSes  the 
stearin  ana  the  other  solid  fiita,  but  not  the  olein.  The  mixture  is  agitated  and  gently 
heated  to  separate  the  olein  from  the  stearin  soap ;  the  liquid  is  filtered  through  cloth, 
and  the  olein  separated  by  decantation  from  the  alkaline-ley.  This  process  succeeds 
with  all  oils,  excepting  those  which  have  become  rancid,  or  nave  been  altered  by  heat. 
(P^clet^  Ann.  Ch.  Phys.  xxii.  830.) 

A  less  pure  product  is  obtained  by  treating  oil  of  olive  or  sweet  almonds  with  cold 
alcohol,  and  evaporating  the  solution. 

The  properties  of  olein  differ  somewhat  according  to  the  nature  of  the  fat  from 
which  It  is  extracted,  and  the  mode  of  preparation,  but  when  properly  prepared,  it 
is  colourless,  void  of  taste  and  smell,  insoluble  m  water,  very  soluble  in  absolute  alcohol 
and  in  ether,  and  of  a  density  between  0*90  and  0*92.  It  bums  with  a  very  bright 
flame.    When  saponified  with  potash^  it  yields  glycerin  and  oleate  of  potassium. 

By  dry  dUUUation  it  yields  gaseous  products,  liquid  hydrocarbons,  sebadc  add,  and 
acrolein.  This  reaction  affbrSs  the  means  of  detecting  olein  in  fats;  for,  if  the 
product  of  the  distillation  be  treated  with  boiling^' water,  a  solution  is  obtained  which 
on  cooling  yields  small  needles  ofsebacicacid.  Olein  oxidises  in  the  air,  yielding 
the  same  products  as  oleic  acid.  Under  the  infiuence  of  strong  sulphuric  acid,  it  is 
resolved  into  sulpholeic  and  sulphoglyceric  acids.  Nitrous  acid  oonyerta  it 
into  the  isomeric  solid  compound  elai'din  (ii.  380) ;  this  property  distinguishes  olein 
fivm  the  liquid  fat  of  non-drying  oils. 

Chlorine  and  bromme  act  upon  olein,  producing  substitution-producta. 

(C«H»)'«     ) 

Olbatb  of  MANHnTL.    Mannite  olHqus,  C«H»H)'  -  (C"H»K))»>0»    (Berthe- 

H«  ) 
lot,  Ann.  Ch.  Phys.  [3]  xlvii.  326). — Obtained  by  heating  oleic  acid  with  mannite  to 
120^  in  a  sealed  tube,  saturating  the  superficial  fatty  layer  with  lime,  exhausting  with 
ether  (which  also  takes  up  calcic  oleate,  but  deposits  it  on  boiling  in  vacuo)  and  evapo- 
rating. It  is  a  nearly  colourless,  neutral,  waxy  mass  ^ich  becomes  soft  and  tenacious 
at  a  gentle  heat  and  then  melts  to  a  yellowish  liquid.  By  heating  with  potash  it  is 
resolved  into  oleic  acid  and  mannitan. 

.    See  Olbic  Etesbs. 


Oleic  acid  distiUed  with  lime  yields  an  oily  liquid  regarded  by  Bussy 
(p.  193)  as  the  acetone  of  oleic  acid ;  it  has  not,  however,  been  obtained  pure.  Vohl 
(bingl.  poL  J.  cxlvii.  304)  applies  the  name  oleone  to  an  illuminating  material 
of  similar  nature  obtained  by  precipitating  the  waste-liquor  of  soap-works  with 
chloride  of  calcium,  and  distilling  the  resulting  calc  ium-salts  of  fatty  acids  with 
quicklime. 

0&H0VB08VB0RZC  ACZB.  A  phosphoretted  fi&tty  add  contained  in  the 
brain. — ^When  the  ethereal  extract  of  brain,  prepared  as  described  under  Cbbkbbin 
(i.  830),  is  treated  with  ether  to  separate  cerebrin,  the  ether  takes  up  oleophorohoric 
add,  often  combined  with  soda,  and  mixed  with  olein  and  cholesterin.  The  ethereal 
solution  is  evaporated ;  the  soda  is  extracted  by  an  add ;  the  residue  is  dissolved 
in  boiling  alcohol ;  and  the  solution  is  left  to  cool,  the  oleophosphoric  add  being  then 
deposited.  The  olein  and  cholesterin  still  mixed  with  it  may  be  removed,  though 
not  completely,  by  absolute  alcohol.  Oleophosphoric  add  thus  obtained  is  gummy, 
generally  yellow,  and  contains  from  1*9  to  2*0  per  cent,  phosphorus.  When  burnt  in 
contact  with  the  air,  it  leaves  a  carbonaceous  mass  containing  phosphoric  add.  By 
long  boiling  with  water  or  alcohol,  more  quickly  with  addulated  water,  it  gradually 
loses  its  viscodty,  and  is  converted  into  perfectly  pure  olein,  while  the  lower  stratum 
of  liquid  is  rendered  strongly  add  by  the  phosphoric  acid  produced.  The  same  de- 
compodtion  takes  place  very  slowly  at  ordinaiy  temperatures ;  also  at  the  commencement 
of  putrefikction  of  the  biain.  Fuming  nitric  add  decomposes  oleophosphoric  acid  into 
phosphoric  add  and  a  fiilfy  add.    Alkalis  in  excess  form  a  phosphate,  an  oleate,  and 
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glycerin.  The  acid  is  insoluble  in  water,  but  swells  up  slight!/  in  boiling  water. 
With  ammonia^  potash,  and  soda,  it  immediately  forms  soapy  compounds ;  with  the 
other  bases,  insoluble  wilts.  It  is  insoluble  in  oold  absolute  alcohol,  easily  soluble  in 
boiling  alcohol  and  in  ether  (Fr^my,  Ann.  Ch.  Phys.  [8]  ii.  474).  The  muscles  of 
TCitebrate  animals,  shaken  up  with  cold  weak  alcohol,  yield  to  that  liquid  a  viscid, 
ambeigris-coloured  substance,  which  dissolves  but  impnfectly  in  water,  and  when 
treated  witJh  sulphuric  acid,  is  reeolved  into  sulphate  of  sodium  and  oleophosphoric 
acid.  Oleophosphate  of  sodium  occurs  in  almost  all  parts  of  the  animal  body,  its 
quantity  increasing  with  the  age  of  the  animal,  and  differing  in  amount  in  different 
species  of  yertebrate  animals.  Fishes  with  white  light  flesh  (such  as  the  whiting, 
sole,  and  plaice)  contain  bat  small  quantities  of  it,  whereas  larger  quantities  are  found 
in  the  herring,  salmon,  mackerel,  salmon  trout,  and  other  fishes  with  firm  flesh. 
(Valenciennes  and  Fr^my,  Ann.  Ch.  Phys.  [3]  L  172.) 

The  yolk  of  the  eggs  of  cartilaginous  fishes  contains  a  fat  which  is  soluble  in  alcohol 
and  ether,  forms  a  sram.  with  water,  and  resembles  oleophosphoric  acid.  Phosphoretted 
fats  are  also  found  both  in  the  sb'ghtly  developed  and  in  the  ripe  eggs  of  cartilaginous 
fishes.     (Valenciennes  and  Fr^my.) 

OUnm  AWXaCA&a  SXma&XX.  See  BonB-on.  (i.  625)  and  Diffil's  Oil 
(iL  336). 

O^MUWt  TMOOWUB  A8KL&X.  Cod4iver  oil  HuUe  defoU  de  morue.  Leber- 
thran  Stockfisch-thran, — ^This  oil  is  obtained  from  the  livers  of  various  species  of 
Gadus,  The  oil  recognised  by  the  London  pharmacopoBia  is  that  obtained  from 
the  common  cod  {Crodua  Marrhtta,  formerly  called  Aaellus  major\  and  the  ling  ((?. 
Molva  or  Lota  Molva) :  it  is  received  from  Newfoundland.  England  was  formerly 
supplied  with  the  oil  from  Bergen,  obtained  from  the  livers  of  the  dorse  ( Gctdua  eellarius) 
and  coal-fish  {G.  carbonaritu).  From  this  source  Germany  and  the  North  of  Europe 
still  receive  their  supply.  Cod-liver  oil  is  prepared  on  a  small  scale  in  the  Shetland 
isles  and  on  the  English  coast,  chiefly  from  the  common  cod,  the  ling  and  the  burbot 
(Lota  fndgarui),     (Pereira* a  Materia  Medica,  4th  ed.  1857,  ii.  [2]  779.) 

When  the  livers  of  the  fishes  are  exposed  to  the  sun,  light-colourea  oil  flows  out  at 
first,  but  after  a  week  or  a  fortnight^  putrefaction  sets  in  and  brown  oil  is  obtained. 
(Harder.) 

a.  Brown  Cod4iver  oil.  Bark  brown,  greenish  by  transmitted  light,  transparent  in 
thin  layers.  Specific  gravity  0929  at  17*5^  (Be  Jongh),  0928  at  15'5<'  (Marder); 
has  a  peculiar  odour,  disagreeably  empyreumatic  and  bitter,  produces  irritation  in  the 
throat,  and  reddens  litmus  slightly  (Be  Jonff  h).  Boes  not  deposit  any  solid  fiit  at 
- 13^  (MarderX  Soluble  in  17  to  20  pts.  cold  or  hot  absolute  alcohol  (Be  Jongh). 
Biasolves  at  71°  in  1  pt  alcohol  of  0*846,  forming  a  solution  which  becomes  turbid  at 
62^^  and  deposits  the  oil  at  48^'.     (Marder.) 

h.  Paler  brown.  Of  the  colour  of  Malaga  wine.  Specific  gravity  0'924 ;  has  a 
peculiar,  not  unpleasant  odour,  fishy  taste,  producing  irritation  in  t)ie  throat,  and 
reddens  litmus  strongly.  Soluble  in  31  to  36  pts.  of  cold  and  13  pts.  of  boiling 
absolute  alcohoL    (Be  Jons h.) 

e.  Paler  and  dearer.    Of  golden  yellow  colour :  specific  gravity  0*923  at  17*5° 
(Be  Jongh),  0*928  at  15*5  (Marder),  reacts  and  tastes  like  5,  but  less  strongly 
Bepoeits  a  white  &t  at  —  IS^'  (Marder).    Soluble  in  40  pts.  cold  and  in  22  to  80  pts. 
boiling  absolute  alcohol  (Be  Jongh).    Oil  of  haddock's  liver  has  a  specific  gravity 
of  0*9313  at  II**.    (Scharling.) 

Cod-liver  oil  consists  chiefly  of  olein  and  margarin,  with  smaller  quantities  of  free 
butyric  acid,  acetic  add,  constituents  of  the  bile,  gaduin,  and  other  peculiar  substances, 
about  1  per  cent  of  salts,  and  a  small  quantity  of  tr%&  phoephoms  (Be  Jongh).  It 
contains  iodine,  bromine,  and  sulphur.  As  volatile  acids,  Wagner  found  butyric  and 
capric  adds;  from  turbid  cod-liver  oil  Luck's  gadinic  add  (ii.  756)  was  deposited. 
See  analyses  of  cod-liver  oil  by  Marder  (N.  Br.  Arch.  ziii.  158);  Be  Jongh 
(Ann.  Pharm.  xlviii.  362);  Riegel  (N.  Br.  Arch.  Izx.  28);  for  Win ckler's  views 
respecting  the  oil,  see  J.  pr.  Phann.  zxv.  140. 

When  a  mixture  of  cod-liver  oil  and  strong  sulphuric  acid  is  heated  with  an  alkali, 
a  pungent  odour  is  evolved,  like  that  of  oil  of  rue;  and  on  distilling  the  mixture  with 
water,  a  small  quantity  of  yellowish  oil  is  collected,  having  the  same  odour,  lighter 
than  water,  and  boiling  at  100^. 

Cod-liver  oil  trvatM  with  alcoholic  ammonia,  forms  a  large  quantity  of  amide, 
melting  at  80°  (Carlet).  Bowney  obtained  a  small  quantity  of  amide  melting  at 
93^,  becoming  solid  and  transparent  at  94*^,  containing  on  the  average  75*69  per  cent, 
carbon,  12*99  hydrogen  and  4*36  nitrogen,  and  easily  soluble  in  alcohoL 

Cod-liver  oil  is  much  used  in  medidne.  It  has  long  been  a  popular  remedy  for 
rheumatism  and  some  other  complaints,  but  its  use  by  medical  practitioners  is  of  com- 
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paradTely  leMut  date.  It  is  chieA^  pvescribed  in  cues  of  ibaiuuitifla],  bctoAiIa, 
chronio  goat^  akin  affections,  phthiau  and  mMenterio  emaciation.  Ita  effieacj  may 
perhapa  be  dne  to  the  bromine  and  iodine  oontained  in  it»  tfaoogh  it  haa  often  been 
donbted  whether  it  poaaeeaea  any  vixtuea  beyond  thoae  of  the  &t  oila  in  general. 

For  fhrther  details  leapecting  the  oompoaition,  piopertiea  and  naea  of  ood-lirer  oil, 
aee  De  Jongh  (VkuUe  ie/aie  de  mortM  entri9a^ie  mms  toui  lea  rapparU  «mmm  mosftn 
tJUrapeuiiqu€,  Paria,  1863) ;  reepeeting  compoaition  mnd  propertiei^  aee  alao  Om$lin'€ 
Handbook  (xn.  323). 


or  Incetue.  A  gnm-reain  which  ezndea  from  a  tree,  probably  a 
apeciea  of  BcUtamodendron  (order  Terebinthacea\  growing  in  Arabia  and  India.  It 
naa  been  burnt  from  all  antiquity  in  religious  ceremonies.  It  occnra  in  oblong  or 
rounded  lamins,  opaque,  of  yellow  or  redcQsh  colour,  dull  and  waxT  on  the  fractured 
surface.  It  softens  between  the  teeth,  producing  an  aromatic  slightly  rough  taste.  It 
IS  but  partially  soluble  in  water  and  alcohol,  melts  with  difficulty  and  imperfectly  when 
heated,  and  bums  with  a  bright  white  flame  on  the  approach  of  a  taper.  Aceording  to 
Braconjiot  (Ann.  Gh.  Fhys.  [2]  Iviii.  60)  it  contains  66  per  cent  resin  soluble  in 
alcohol,  30*8  gum  soluble  in  water ;  6*2  residue  insoluble  in  water  and  in  alcohol,  and 
8*0  easential  oil  and  loss.  Hekmejer  (Jahrsab.  1868,  p.  482)  found  in  oUbanam  a 
gnm  which  appeared  to  be  identical  with  gum-arabic.  According  to  Johnston  (Ice, 
cit.)  oommerml  oUbannm  consists  chiefly  of  an  add  reain  onntHining,  on  the  average, 
7*4  per  cent,  carbon  and  998  hydrogen,  agreeing  nearly  with  the  formula  C^H'*0'. 

S  ten  house  (Ann.  Gh.  Phazm.  xzxv.  806),  by  distilling  olibannm  with  water, 
obtained  4  per  cent  of  oolourleea  ToLatile  oil,  (^  apecific  (pavity  0'866  at  20°,  havine 
an  odour  like  that  of  oil  of  turpentine,  but  more  agreeable ;  msolubls  in  aqueous  alcohol, 
but  soluble  in  all  proportions  in  ether  and  abeolute  alcohol,  and  containing  88'83  per 
cent  G,  11*27  H,  and  4*90  O. 

O&miO  ACSD.  This  name  was  given  by  Varrentrapp  (Ann.  Gh.  Pharm. 
zxxT.  210)  to  an  acid  obtained  by  the  action  of  melting  potash  on  oleic  add;  aeoording 
to  Heintz,  this  acid  is  palmitic  add  (p.  193). 

O&ZOZ8TI0  imov.    Syn.  with  Bja>  Hskatxtb  (iil  337,  393> 

OXiZCMNSULSB.     8oda-spodumene,  Natron-ipodumen.    A  mineral  of  the  felspar 
group  (iL  618)  occurring  in  granite,  porphyiy,  syenite,  serpentine,  basalt  and  trachyte. 
It  forms  triclinic  {nisms  in  which   oo'^   :    ooP'  «    about  120^;  oP  :  od^qo    ■■ 
93^  15';  oP  :  ooF  -  116^  37'.    Gleavage  yeiy  distinct^  parallel  to  oP  and   oo^oo 
Twina  oommon. 

Hardnese  —  6.  Spedfie  giHTit^  i-  2*68  —  2*69.  Lustre  ntreooa,  vitreo-pearly 
or  greasy.  Golonr,  yellowish,  g^yish,  reddish,  greenish-white,  or  white.  Transparent 
to  subtranslucent  Fracture  conchoidal  to  uneven.  Before  the  blowpipe  it  melta 
quickly  and  more  easily  than  orthodase,  to  a  glass  dther  dear  or  enamel-uke.  It  is 
not  acted  upon.by  adds. 

Afudytes : — a.  From  Unionville,  Pennsylvania  (  Unionite),  where  it  occurs  in  granite 
with  euphyUite  and  corundum :  specific  gravity  2*61  (Smith  and  Brush,  Sill.  Am.  J. 
[2]  zv.  211).—^.  Reddish  fh>m  old  red  porphyiy  (Deles se,  Ann.  Gh.  Phys.  [3] 
V.  14). — c.  From  the  emerald  mines  of  the  Ural,  in  mica-slate:  white;  specific 
gravity  2*666  (Jewreinow,  RammeUherg^B  Mineralehevw!,  "p,  618).—^.  Fh>m  Tve- 


homblende  m  diorite.  Massive ;  specific  gravilr  2*886  (v.  Rath,  Zeifascfar.  d.  geolog. 
Gesellsch.  ix.  226,  269).—^.  From  the  kva  of  Lake  LsAch :  spedfie  gravity  2*66. 
(Fouqu^  Gomptrend.zix.46).— A  From  the  trachyte  of  Tenerme  :  spedfie  gravity 
2-58>-2*69  (Deville^  loe.  eit.).—i.  From  oavitiee  in  the  lava  near  Hafhefiord  in 
Iceland  {Ha/neffordits,  lime^igoolate):  spedfie  gravity  2*729  (Forehhammer,  J. 
pr.  Ghem.  zzz.  489). 
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Host  of  these  analyses,  and  numerous  others  that  have  been  made  of  oHgoclase  irora 
various  localities,  may  be  represented  by  the  general  formula  2M*0.2All*0«.9SiO«,  in 
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wliich  theoo^gen-ntio  of  thepfrotozidefl,  alvminft  md  silica  is  as  1 :  3  :  9  (seA  ii.  618). 
The  ntio  between  the  lime  and  alkalis  is  somewhat  Tariable,  but  the  scxia  is  for  the 
most  part  prsdomiiiaiit  An  isomorphoos  mixture  containing  2(4Na.^Ca)'0.2All'0'. 
dStC  would  contain  63*01  per  oent  silica,  23*65  alomina,  4*24  time,  and  8*40  soda. 
In  oligodase  from  the  Uial  (e\  and  some  others,  the  proportion  of  alumina  appears  to 
be  considerably  greater ;  this  may  arise  from  loas  of  slkaus  by  weathering  (or  it  may 
be  due  to  ino(HTeet  determination  of  the  alkalis).  The  mineral  from  Ba&eQord  {€) 
18  remarkaUe  for  the  laige  proportion  of  lime  which  it  contains. 


OXilOOV-aVAiU     Breithaapt's  name  for  spathic  iron  (ferrous  carbonate)  from 
EhrenMedersdorl 


Olea  europaa, — The  dereloproent  of  fatty  matter  and  of  mannite  in  the 
fruit  of  this  tree  has  been  recently  examined  by  De  Luca  (Compt  rend.  liii.  380 ; 
It.  470,  606;  Ivii.  620;  Jahresb.  1861,  p.  739;  1862,  p.  606;  1863,  p.  611).  The 
friik,  whidi  at  fiiBt  weighs  only  a  few  nuilegrammes,  goes  on  increasing  in  weight  till 
November,  its  weight  when  lipe  beins  about  2  gnmmes ;  the  weight  of  the  kernel 
howerer  increases  only  from  its  first  development  till  August^  after  which  it  remains 
stationaiy.  The  density  of  the  oitire  fruit,  which  in  its  early  stsges  is  about  equal  to 
that  of  water,  increases  to  about  1*04  when  the  fruit  hsit  become  quite  gi^^n ;  and  tlien 
diminishes  as  the  fruit  ripens,  the  ripest  fruits  having  the  smallest  density  (1-007). 
The  proportion  of  water  in  olives  decreases  from  60—70  per  eent^  in  the  earliest  stage 
of  the  fruit  to  26  per  cent  in  the  ripe  fruit.  OUves  yield  to  sulphide  of  carbon  a 
▼ariety  of  subataaces  including  colouciag  matters,  and  especially  chlorophyll,  the 
quantity  of  which  continusUy  ^minishes  as  the  friiit  ripens.  The  fat,  whidi  is  present 
only  in  small  amount  in  the  young  frnii,  increases  continually  as  the  fruit  grows,  and 
attains  its  maximum  (69*8  per  cent.)  in  the  ripe  fruit  which  has  lost  all  traces  of  green 
colouring.  The  increased  development  of  fat  begins  at  the  time  when  the  weight  of 
the  keriMl  becomes  stationary.  The  formation  of  fat  is  accelerated  by  the  action  of 
air  and  light. 

The  green  substance  of  the  leaves  and  fralt  of  the  olive  tree  ia  always  accompanied 
bymannite,  which  indeed  is  present  in  all  pacts  of  the  tree.  The  leaves  contain  at 
ilnt  but  a  small  quantity  of  manmte :  it  increases  as  they  grow,  but  diminishes  at 
flowering  time,  and  disappears  altogether  as  the  leaves  turn  yellow  and  falL  The 
flowers  also  contain  a  considerable  quantity  of  mannite;  but  those  which  fidl  off  after 
impregnation  contain  not  a  trace  of  it.  Olives  when  scarcely  formed  are  rich  in  man- 
nite ;  the  proportion  of  this  substance  diminishes  however  as  the  fruit  grows  ;  and  in 
ripe  olives,  no  longer  green,  but  containing  the  maximum  of  fat,  it  is  altogether 
absent. 

Olives,  especially  in  the  green  state,  contain,  together  with  mannite,  a  peoulisf  bittei 
substance,  easily  soluble  in  water,  less  so  in  alcohol. 

O&IVB  OXIL  This  fkt  oil  is  extracted  from  the  fleshy  portion  or  pericarp  of  the 
fruit  of  the  olive.  Several  qualities  of  it  are  foand  in  commerce.  The  best,  called  virgin 
gU,  which  has  an  agreeable  odour  and  Ib  used  for  culinary  purposes,  is  obtained  from 
£resh  olives  by  pressure.  The  oil  of  second  quality,  which  is  more  apt  to  turn  rancid 
than  the  preceding,  in  consequence  of  the  mucilaginous  particles  with  which  it  is  mixed, 
is  prepared  from,  the  pulp  of  olives  from  which  the  "rirain  oil  has  been  expressed,  by  ma- 
cerating it  in  boiling  water,  and  pressing  it  a^^.  This  oil,  called  ordinary  oil  (hu^ 
tozprnanie),  is  chiefly  used  for  oiling  goods  which  are  to  be  dyed  with  Turkey  red.  A 
third  and  still  inferior  quality  of  oO,  unfit  for  culinary  purposes,  is  obtained  either  by 
pressing  the  olives  a  second  time  with  water,  or  by  the  use  of  inferior  olives.  Lastly, 
a  very  crude  oil  called  infernal  oil  (kuile  d'enfer)  is  obtained  from  the  water  whiick 
has  been  used  in  pressing  the  olives,  and  still  contains  some  of  the  oil  in  suspension, 
by  leaving  it  to  repose  in  cisterns  called  etufers.  The  inferior  kinds  of  olive  oil  are 
used  chiefly  for  burning,  in  the  manufacture  of  doth,  and  in  soap-making. 

Pure  olive  oil  has  a  pale  yellow  colour,  an  agreeable  taste,  and  a  very  faint  odour. 
According  to  Saussure,  its  speciflc  gravity  is  0*9192  at  12<',  0*9109  at  26^,  0*8392  at 
60^,  and  0*8624  at  94^,  that  of  water  at  16^  being  equal  to  unity ;  according  to  Pohl, 
it  is  0*91636  at  17*6^  compared  with  water  at  the  same  temperature.  It  boUs  at  315^ 
(Saussure).  The  cold-prepared  oil  contains  77*86  per  cent  carbon,  11*46  hydrogen, 
and  11*29  oxygen.    (Lefort) 

Olive  oil  is  resolved  by  saponiflcation  into  glycerin  and  fatty  acids,  which,  according 
to  the  older  statements  of  Ohevreul,  and  of  Pelouze  and  Boudet,  consists  of  mar- 
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Olive  oil  solidifies  at  temperatures  above  0^  C,  often  ai  10^,  small  granules  sepa- 
rating oat ;  by  ooolinff  and  pressure  it  may  be  resolved  into  apermanentlv  fluid,  and  a 
solidifiable  portion  caUed  oUoe-oU  UUhw,  or  bv  Pelouze  and  Boudet^  oteo-maroarin  ; 
it  melts  at  22^ — 28°.    The  permanently  fluid  portion  of  olive  oil  consists  of  triolein. 

01ive>oil  treated  vrith  moist  ehlarine  and  Iframine  yields  substitution  products.  The 
ehlorintUed  oil  is  colourless,  and  of  the  consistence  of  castor-oil,  of  specific  sravity 
1*078  at  10^,  and  contains  20*47 — 21*01  per  cent  chlorine.  The  bronUnaUd  ou  is  of 
the  same  consistence,  but  has  a  yellowish  tint:  specific  gravity  1*276  at  9*6° ;  contains 
36*48—86*37  per  cent,  bromine.    (Lefort.) 

For  ftirther  details  on  the  reactions  of  olive  oil,  see  QmdifCs  Handbook^  vol.  zvii. 
under  Triolein,  Bespecdng  the  method  of  detecting  adulterations  of  olive  oil,  see 
Oils,  p.  181.  ^ 

OUVSHTTa.  PrismaUo  Arsenate  of  copper.  Pharmacochaleite.  CUvenere, — 
A  cupric  phosphato-arsenate,  occurring,  sometimes  in  long  rhombic  prisms  or  needles, 
sometimes  in  spherical  or  ovoid  aggregations  resembling  malachite ;  sometimes  fibrous, 
forming  the  variety  called  toood-artenate  (Hohkupferere),  Hardness  »  8.  Specific 
gravity  >-  4*1 — 4*4;  of  the  wood-arsenate  3*913.  Lustre  adamantine  to  vitreous. 
Colour  olive-green,  or  sometimes  brown.  Streak  olive-green  to  brown.  Subtransparent 
or  opaque.     Fracture,  when  observable,  conchoidal  or  uneven.    Brittle. 

The  principal  localities  of  the  mineral  are  the  Redruth  and  other  mines  in  Cornwall ; 
it  is  also  found  on  Alston  Moor  in  Cumberland ;  at  Camsdorf  and  Saalfield  in  Thur- 
ingia ;  in  the  Tyrol,  the  Bannat,  Siberia,  Chile,  and  other  ptlaces. 

The  following  anialyses  are  of  spedmens  from  the  Cornish  mines  (BammeUberg^s 

Mineralehende,  p.  874) : 

CrpsialUsfii. 


£ 


Arsenic  Anhvdride 
Phosphoric  Anhydride 
Cupnc  Oxide 
Ferrous  Oxide 
Water 


ichard- 
son. 

89*85 


56*42 


Kobell. 

Hermaon. 

86*71 

83*50 

8*36 

5*96 

56*48 

56-38 

Dninour. 

84*87 

8*43 

56*86 


8*78 


8-50 


4-16 


8*72 


Hermann.S 

40*50 
100 

5103 
3*64 
3*83 


100-00       10000       10000        98*88       100*00 


The  analyses  lead  to  the  formula  4CuK).(Ab  ;  P)K)*.HK)  or  Ccu*(As ;  P)K)*. 
CcuH*0',  which,  if  the  number  of  atoms  of  arsenic  be  supposed  to  be  six  times  as  great 
as  that  of  the  phosphorus  atoms,  will  give  35*70  per  cent  AbH)*,  3*69  PK)\  57*40  CuK), 
and  3*21  H*0. 

Olivenite  is  homcBomoiphous  with  libethenite  from  Hungary,  Cgu^PK>".Ccu''H'0'. 


OliZVaaroiS*  Shepard's  name  for  a  mineral  resembling  olivin,  which  he  sup- 
poses to  exist  in  certain  meteorites. 

OIiIVXX.  C"H>*0*.  (Pelletier,Ann.Ch.Phys.[2]iiil05;  li.  196.  Sobrero,  J. 
Pharm.  [3J  iii.  286). — A  neutral  substance  occurring  together  with  resin  and  a  little 
benzoic  acid  in  the  gum  of  the  olive-tree.  To  obtain  it^  the  finely  powdered  gum  is 
diffested  with  ether  to  remove  the  resin,  and  the  residue  is  boiled  with  aloohoL  The 
quickly-filtered  solution  solidifies  to  a  crystalline  mass,  which  is  purified  by  washing 
with  cold  alcohol  and  re-crystallising  from  a  boiling  alcoholic  solution.  (Pelletier, 
Sobrero.) 

Oiiril  separates  ftom  absolute  alcohol  in  colourless  anhydrous  crystals,  which  are  in- 
odorous, and  have  a  bitter-sweet,  somewhat  aromatic  taste.  At  118^ — 120^  it  melts 
without  loss  of  weight  to  a  transparent  liquid,  which  soUdifies,  on  cooling,  to  a  colour- 
less or  yellowish  transparent  resin,  which  cracks,  and,  when  powdered,  beromes  electric ; 
heated  to  70^,  it  again  becomes  fiuid,  but  crystallises  £rom  alcohol  in  its  original 
state.  It  Is  very  soluble  in  water,  especially  at  the  boiling  heat ;  it  dissolves  in  all  pro- 
portions in  boiling  alcohol,  and  in  small  quantity  in  ether  and  in  oils. 

Anhydrous  olivil  contains,  according  to  the  mean  ofSobrero*s  analyses,  61*01  per 
cent  carbon,  and  7*08  hydrogen ;  the  formula  C"H'"0*  requires  61*09  carbon,  6*9  hy- 
drogen, and  82*01  oxygen.  Olivil  crystallises  from  water  in  colourless  transparent 
prisms,  containing  C'*H*'0*.HK)  or  6*33  per  cent  water,  half  of  which  they  give  off 
when  dried  in  a  vacuum  and  the  whole  when  melted. 

Decompotitioru. — Olivil  subjected  to  dry  disHUation  melts  and  pufis  up,  giving  off 
water  (acetic  add  according  to  Pelletier)  and  pyrolivilic  acid,  whilst  a  black  pasty 
mass,  partially  soluble  in  alcohol,  remains  behind.  By  prolonged  heating,  other  vol- 
atile products,  differing  from  pyrolivilic  acid,  are  obtained,  till  at  last  charooal  remains 
(Sobrero). — 2.  It  bums  with  a  white  fiame,  and  leaves  a  laige  quantity  of  porous  char- 
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coaL — 3.  Cklofinef  passed  into  aqneous  oUvil,  throws  down  brown  flakes  contaioing  chlo- 
rine, which  are  afterwards  decomposed,  with  evolation  of  carbonic  anhydride — 4.  Strong 
sulphuric  acid  colours  olivil  blood-red,  and  then  carbonises  it ;  from  a  moderately 
dilute  aqneons  solution  of  olivil  it  precipitates  oliyirutin. — 6.  Dry  olivil  absorbs 
J^drochlorie  acid  ga9,  becoming  transparent  and  green,  and,  on  heating,  is  oon'verted 
into  olivinitin  (p.  202). — 6.  Stxong  nitric  acid  attacks  it  violently,  with  abundant  evo- 
lution of  nitric  peroxide.  With  nitric  acid  dilated  with  its  own  Tolume  of  water,  it  forms 
a  deep  red-yeUow  solution,  which,  when  heated,  becomes  nearly  colourless,  erolving 
scarcely  any  red  fumes,  bnt  much  hydrocyanic  acid,  and  contains,  after  the  reaction,  a 
laree  quantity  of  oxalic  acid. — ^Very  weak  nitric  acid  colours  aqueous  olivil  reddish- 
yelTow. — 7.  A  solation  of  olivil  in  caustic  potash  assumes  a  yellowish-green,  afterwards  a 
brown  colour,  more  especially  on  exposure  to  the  air. — 8.  Chromic  acid  and  dichromate 
of  potassium  precipitate  aqueous  oUvil  in  brown  flakes,  which  soon  become  green  and 
granulated,  and  appear  to  consist  of  the  chrominm-salt  of  an  acid  formed  by  the  oxi- 
dation of  oliviL  No  gas  is  STolved  in  the  reaction. — 9.  Peroxide  of  lead  is  decolorised 
by  boiling  with  aqueous  olivil,  without  evolution  of  ffas,  and,  after  some  days*  boiling, 
is  converted  into  a  light  powder  containing  oxide  of  lead  and  a  resinous  oxidation-pro- 
duct  of  olivil. — 10.  Aqueous  olivil  colours  sulphate  of  copper,  on  boiling,  pale-green; 
it  immediately  reduces  gold  and  silver-salts.     (S  o b r  e  r  o.) 

Lead-salt  of  OUvU,  On  adding  ammonia  to  a  solution  of  nitrate  of  lead  containing 
a  large  excess  of  olivil,  a  whito  precipitate  is  formed  containing  34 '4  per  cent  carbon, 
3*4—^*7  hydrogen,  and  45*2---46*0  lead-oxide,  agreeing  nearly  with  the  formula 
C»*H>»0»J>pb''0. 

OUCVZV.  Chrysolite^  Boltonite,  Forsterite^  Glinkite,  Sycdosiderite,  Peridote. — 
A  sihcate  of  iron  and  magnesium  3(Mg ;  Fe)*0.SiO'  or  (Mmg* ;  Ffe")^iO«,  occurring 
sometimes  in  transparent  crystals  (chrysolite),  but  more  nsnaUy  in  imbedded  masses  or 
grains,  in  lava  and  oasalt,  and  in  many  meteorites  (iii.  977).  The  crystals  are  trimetric, 
having  the  ratio  of  the  axes  a:  b:  c  —  0*466 :  1  :  0'5867.  Angle  ooP  :  ooP  » 
49-58  ;  Qol^  :  o»P2  -  86-0<';  Poo  :  foo  (basal)  ^  6(P  48';  2Pao  :  2^ao  (basal)  - 
99^  7';  J^ao  :  I»oe>  (basal)  -  103^6'.  They  are  usually  short  prisms  formed  by  the 
Tertical  prismatic  faces  above  mentioned  and  the  faces  ooPoo  and  ooPco  ;  the  ends  are 
bevelled  with  one  or  more  of  the  above-mentioned  domes,  or  terminated  by  the  basal 
&ce  oP,  the  latter  however  seldom  predominating.  Cleavage  tolerablpr  easy  parallel  to 
aol^ao  (SIopp's  KrystaUographie),  Hardness  »  6*7.  Speciflc  gravity  a  3*33 — 3*5. 
Lustre  vitreous.  Colour  green,  commonly  olive-green,  sometimes  brownish ;  black  in 
some  hi^y  ferruginous  varieties ;  rarely  white.  Streak  uncoloured.  Transparent. 
Fracture  conchoSdaL 

Olivin  rich  in  iron  melto  before  the  blowpipe  to  a  black  magnetic  bead,  but  the  varie- 
ties containing  but  little  iron  are  infusible.  Olivins  are  decomposed  by  hydrochloric 
acid,  the  iron  olivins  also  moro  easily  than  the  others.  Aooozding  to  v.  Kobell,  olivin 
forms  a  jelly  with  sulphuric  add. 

Analyses:  a,  Forsterite hoenk  BomvoAX  white,  crystallised;  specific  gravity  3*243; 
slowly  gelatinising  with  silica  (Bammelsberg,  Mineralchemie,  p.  437). — h.  Boltonite 
from  Bolton,  MaMachussetta :  peenish-yellow ;  specific  gravity  3*328  (Smith,  Sill. 
Am.  J.  [3]  xviii.  372).— c;  Ghmns  from  the  Thjorslava,  Heda :  speciflc  gravity  3*226 
(Genth,  Ann.  Ch.  Pharm.  Ixvi.  20). — d.  Chrysolite,  from  the  East  (Strom eyer, 
Pogg.  Ann.  iv.  193V--e.  From  the  fumarole  of  Mascala,  Etna:  crystallised;  spedfic 
gravity  3*334  ^v.  Waltershausen,  Ftdkanische  Gestdne,  p.  117^.—/.  From 
Petschau  in  Bonemia,  in  basalt  (Bammelsberg). — g.  From  uie  Pallas  meteorite 
(Stromeyer,  he.  cit,), — h.  From  the  meteoric  iron  of  Atacama  (Schmid,  Po^. 
Ann.  Ixxxiv.  601). — f.  From  Tissersk  in  the  Ural,  in  mica-slate;  spedfic  gravity 
3-39— 3*43  (Hermann,  J.  pr.  Chem.  xlvi  222). 

«.  b,  e.  d,  e,        ,   /.  f.  k.  i. 

Slltea             ...  4S*41  43-31  4S-44  99*73  41*88  4467  S8-48  36*93       40*04 

Magne«U              .  53*80  51i6  4931  60-13  47*44  4184  48*43  43*16       43*60 

FerroatoxMe      .  388  8*77  6*98  9*19  10*38  10-76  11*19  17*31        17*88 

Maaganoitt  oxide        .  .  .  0-08  .  .  0*34  TSi 

Nickel  oxide 0*33  0-33  0-31  3*39  .  .  .  .  0*15 

Alumina                .        .          .  .  0*18  .   .  0*23  0*64  038  0*18 

LoM  by  Ignttioa  .       .  .  •  190 


98*0*       98-33      100-00       99*67      100^00       99-85       98-61       99*10      100*37 

These  analyses  and  numerous  others  of  olivin  from  various  localities  may  be  repre- 
sented by  the  general  formula  above  given,  the  magnesium  and  iron  replacing  each 
other  isomorphously.  For  other  analyses  see  Bammelsberg's  Mineralehemie,  pp.  437* 
441 ;  and  further,  Jahresb.  1861,  p.  987 ;  1862,  727 ;  1863,  p.  80S. 

HyalosideriU  (iii.  177)  may  be  regarded  as  an  olivin,  (IFfr'.fMmg^'SiOS  having 
part  of  the  silica  replaced  by  alumina. 
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Eufyrite^imn,  from  the  gneua  of  Tonabeiff  in  Sweden  (ii.  606),  ooDtaans  29*84  per 
cent  mlica,  3*04  magnena*  64*71  fenoiu  oxiae,  8*89  manganoiiB  oxide,  3*07  Ume,  and 
1*21  alamina,  and  may  be  lepresented  by  the  fonuula  (iMmn.nMnig.JyGca.fFfe.)' 
SiO'  or  (4Mmn.iMmg.iCea)<SiO«  •>-  3Ffe^0«. 

Damour  (Ann.  Min.  [4]  yiii.  90)  deacribes  as  titanifezona  oliyin  a  maa- 
sive  red-brown  minezal  from  tJie  miea-alate  of  Pfonders  in  tiie  l^Tol,  having  a  specific 
gravity  of  8-26,  and  containing  (mean  of  two  analyaee)  86*58  per  eenU  oiliea,  4*40 
titanic  anhydride,  49*89  magnesia,  6*10  ferrons  ozide^  0*60  manganons  oxide,  and  173 
water. 


A  red  sabstance  produced  by  the  action  of  sulphuric  or  hydro- 
chloric acid  on  oliviL  It  is  precipitated  on  pouring  strone  sulphuric  acid  into  a 
concentrated  solution  of  olivil,  in  red  flocks,  which  ultimately  dissolTe  in  the  acid,  but 
are  repreeipitated  by  water.  It  dissolves  in  ammonia  with  fine  violet  colour ;  also  in 
alcohol,  whence  it  is  precipitated  by  water.  It  contains  from  66*0  to  69*1  per  cent, 
carbon,  and  5*9  to  6*4  hydrogen,  and  according  to  Sobrero,  differs  from  olinl  by  the 
elements  of  water.  The  alcoholic  solution  precipitates  basic  acetate  of  lead,  and  after 
addition  of  ammonia,  likewise  barium-  and  calcium-salts ;  it  precipitates  eupric  acetate 
after  some  time. 


A  bittn  substance  obtained  by  Land  ere  r  from  unripe  olives,  by  ex- 
traction with  dilute  hydrochloric  or  sulphuric  acid  and  precipitation  with  water.  It 
dissolves  in  alcohol,  and  sepazatesi  after  concentration,  in  bitter  neutral  crystals,  insolu- 
ble in  water,  but  soluble  in  dilute  adds.  The  same  substance  appears  to  have  been 
obtained  from  the  leaves  of  the  olive  tree  by  a  different  process.  (Handw.  d.  Ohem.  v. 
696.— Gm.  xvi  197.) 

OMZOBKT&i  oaUBB  •V*  A  substance  contained,  according  to  Scharling 
(Ann.  Gh.  Fharm.  xlii.  265),  in  the  etherpal  extract  of  urine  (ipux/^).  It  is  of  resinous 
consistence,  melts  in  boiling  water  to  a  yellowish  oil,  and  dissolves  in  alcohol,  ether 
and  alkalis.  Ghlorine  eonvects  it  into  aaabstanee  said  to  have  the  composition  of  chloride 
of  salic^  C'H*OHa. 

OMFBAXITB.    A  foliated  leek-green  variety  of  augtte,  having  neariy  the  com- 
position of  diopside,  but  with  rather  more  iron.      Spedfle  grari^  8*28 — 8*8.    It 
accompanies  granular  garnet  on  tiie  6au  Alp ;  occurs  auo  in  Garintlua  and  near  Hof ' 
in  Bayreuth,  with  the  smaragdite  variety  of  hornblende,  which  it  much  resembles. 

OVBflUTBi    Ghothite  from  Lake  Oncga^ 

OHXOBXW.  An  argillaceous  mineral  from  the  Salzbuig  Alps,  oceniring  in  round- 
ish pieces,  having  an  apple-green  colour,  sometimes  greyish  or  brownish,  with  weak 
greasy  lustre ;  translucent.  Hardness  «■  2.  Specific  grarity  »  2*8.  Fracture  fine- 
splinterjr.  Fuses  with  intumescence  before  the  blowpipe  to  a  white  blebby  glass. 
Soluble  in  sulphuric,  insoluble  in  hydrochloric  acid.  UDntains  52*52  per  cent,  silica^ 
30*88  alumina,  3*82  fbrrous  oxide,  6*38  potash,  and  4*60  watar.  (v.  Kob ell,  J.  pr.  Ghem. 
ii.  295.) 

A  mineral  from  the  Oehsenkopf  near  Sdhwansenbeig,  nsnally  regarded  as  an  agal- 
matolite^  and  found  b^  John  (Aim.  Phil.  iv.  214)  to  contain  55  per  cent  silica,  80 
alumina,  1  ferric  oxide,  1*75  lime,  6*25  potash,  and  5*5  water,  l^longs  properly  to 
onkosin.     (Sc  h  e  e  r  e  r.) 

OVOCBROr.  Gi'H^H)?  (Hlasi wetz,  J.  pr.  Ghem.  Ixv.  142.>->A  crystallisable 
substance  contained,  together  with  ononin,  in  the  root  of  Ononis  apinosa,  and  separating 
from  the  concentrated  alcoholic  decoction  in  strongly  coloured  crystals,  which  may  be 
purified  bv  pressure,  washing  with  cold  alcohol,  and  recrystamsation  from  boiling 
alcohol,  with  aid  of  animal  charooaL  It  forms  interlaced  capillary  ciystals,  insoluble 
in  watcTf  sparingly  soluble  in  e^er,  perfectly  soluble  in  boiling  alcohol  and  in  warm 
oil  of  turpentine;  melts  to  a  colourless  liquid,  which  solidifies  to  a  crystalline  mass, 
and  is  not  altered  by  boiling  with  hydrochloric  acid,  or  with  potash-ley.  Chlorine  at 
100^,  converts  it  into  chloronocerin,  G'*H'*(^*0,  a  resinous  substance,  insoluble  in 
water  and  in  alcohol,  easily  soluble  in  ether. 

OMTOnZTB.    Native  selenio-sulphide  of  mercury  (iii  912). 

OWOVBTZV.  G«H<«0".  (HlasiwetE,  loc.  cU.y^A  substance  produced, 
together  with  glucose,  by  the  action  of  dilute  acids  on  onospin  (p.  203) : 

0"H«0»     =     G~H«0»    4-    2C^«n>«; 

also  by  boiling  formonetin  (ii  695)  with  baryta-water : 

G«>H»0»    +    4H*0     «     2GH*0»    +    G«H«0»* 
Formonetin.  Formic  Onooetin. 

acid. 


ONONroE— ONOSPIN.  208 

To  yntptge  ity  onospin  is  l>oiled  with  mboat  tea  tunes  its  wai^lit  d  water,  and  011I- 
phoric  acid  is  added  drop  by  drop  till  the  solution  becomes  tarbid.  On  continuing  the 
boiling,  ^he  ononetin  ooUeets  at  the  bottom  in  a  fiiaed  mass  which  becomes  eryatalline 
on  cooling,  and  may  be  pnrifled  by  reayBtallisation  ttom  strong  alcohol. 

Ononetin  forms  loDft  colouzlessi  brittle  prisms,  grouped  in  stars  or  bundles,  nearly 
insoluble  in  water,  eMUe  in  tUcohol,  slightlj  soluble  in  warm  ether,  more  soluble 
in  alkalis.  It  gi^es  off  1*86  per  cent  water  at  100^,  melts  at  120^,  and  solidifies  in 
a  radiate  mass  on  cooling;  it  cannot  be  volatilised.  Its  solution  does  not  precipitate 
any  metallic  salt,  except  basic  acetate  of  lead.  It  is  coloured  red  Xsy  strong  sulphuric 
aetd  and  peroxide  of  vtanganese^  deep  red  by  ferric  chloride,  when  heated  with 
nitric  acta,  it  melts  Ukeareein,  and  oxidises,  emitting  a  yeir  irritating  odour;  the  solu- 
tion contains  oxalic  acid,  and  apparently  picric  and  oxipicnc  adds,  ^e  ammoniacal 
solution,  when  exposed  to  the  air,  acquires  a  fine  deep  green  colour,  and  hydrochloric 
acid  then  throws  down  from  it  a  dark  red  resinous  subsUmce  soluble  in  alcohol 


L  This  name  was  giTcn  byReinsch  (Repeit.  Pharm.  [2]  xxri.  12) 
to  a  8nb8tance  resembling  glycyrniizin,  which  he  obtained  from  the  aqueous  decoc- 
tion of  the  root  of  Ononis  spinosa  by  precipitation  with  sulphuric  acid.  Hiasiweta 
however  found  the  substance  thus  obtained  to  be  of  variable  composition,  and  is  of 
opinion  that  the  root  contains  true  glycyrrhizin,  which  gradually  becomes  altered  by 
oxidation. 


G"H**0*'. — ^A  substance  existing  in  the  root  of  Ononis  spinosa  ;  dis- 
covered by  Reinsch  {}oc.  eit\  ftuther  investigated  by  Hlasiwets  (Wien.  Acad.  Ber. 
zv.  142).  It  is  prepsred  by  predfatatinff  the  clarified  aqueous  decoction  of  the  root 
with  a  slight  excess  of  basic  acetate  of  lea4  decomposing  the  precipitate  with  sulphydrie 
acid,  and  treating  the  washed  and  dried  sulphide  of  lead  several  times  with  boiling 
alcohoL  The  alcoholic  liquors  freed  from  alcohol  by  distillation,  and  Idfk  to  evaporate, 
deposit  the  ononin  in  oystaUine  nodules,  which  may  be  freed  from  adhering  brown 
resin  by  treatment  with  sloohoL    (Hlasiwets.) 

Pure  ononin  forms  colonriess  needles  or  scales,  tasteless,  inodoioui^  insoluble  in 
cold  water,  sparingly  soluUe  in  boiling  wHer,  more  soluble  in  boiling  aloohol,  nostij 
insoluble  in  ether.  It  melts  and  twms  brown  at  236°.  Oontains  according  to 
Hlasiwets,  68*28 — 61*76  per  cent,  carbon,  and  6*46—5*88  hydrogen;  the  fbirmula 
above  given  requires  69*80  carbon,  6*48  hydrogen,  and  34*74  oxygen. 

The  alcohidic  solution  of  ononin  does  not  precipitate  any  metaUic  salts  except  basic 
acetate  of  lead,  with  which  it  forms  wUte  flocks.  It  is  not  coloured  by  ferric  chloride, 
or  by  chlorine^^ioater.  It  is  dissolved  at  the  boiling  heat  by  canstio  potash,  and  more 
easily  by  baryta-water,  yielding  a  formate  and  onospin: 

C«H«0"    +    2H«0     -     C*H"0»    +    2CHK)« 
ODonin.  Onotpln.  Formic 

sckl. 

Strong  sulphuric  acid  dissolves  it^  forming  a  reddish-yellow  solution  which  becomes 
cherry-red  after  some  time,  and  immediately  assumes  a  fine  crimson  colour  on  addition 
of  a  few  grains  of  manganic  peroxide.  Bydrockioric  odd  and  dilute  sulphutrio  acid 
dissolve  ononin  with  aid  of  heat,  yielding  formonetin  and  glucose : 

(yr^mQn     .     C«'H«0"    +    2C«H»«0«    +    2H*0. 

Soiling  nitrie  acid  dissolves  it»  with  deep  yellow  edour,  producing  oxslie  add. 
(Hlasiwets.) 

OarOVIB.  The  root  of  the  spinous  rest-harrow  (  Ononis  spinosa)  contains,  accord- 
ing to  Hlasiwets,  two  crystallisable  substances,  ononin  and  onocerin,  a  substance 
allied  to  fflycyirhizin,  and  citric  acid,  besides  the  constituents  common  to  all  plants. 

The  ash  of  the  root  was  found  by  Bukeisen  (Jahresb.  1865,  p.  717),  to  contain 
15*76  per  c«iit.  potash,  3*78  soda,  2*09  chloride  of  sodium,  20*87  lime,  13*37  magnesia, 
4*29  ferrous  oxioe  with  trace  of  manganese,  4*86  silica,  7*98  phosphoric  anhydride,  8'88 
sulphuric  anhydride,  8*60  carbonic  uihydride,  with  12*60  pand  and  charcoal. 

0W08VZV.  CH'K)''.  (Hlasiwets,  he,  cit.) — ^A substance  produced,  together 
with  formic  add,  hj  boiling  ononin  with  baiyta-water.  After  all  the  ononin  is 
dissolved,  a  stream  of  carbonic  acid  gas  is  passed  into  the  liquid,  and  the  predjutate  is 
washed  with  cold  and  digested  in  boiling  water,  which  dissolves  the  onospin,  and 
deposits  it  on  cooling  as  a  white  interlaced  crystalline  mass.  It  is  insoluble  in  ether, 
but  easily  soluble  in  alcohol.  It  dissolves  also  in  alkalis,  and  is  predpitated  by  acids. 
It  melts  at  162°,  and  solidifies  to  an  amorphous  mass  on  cooling ;  may  be  heated  to 
200°  without  decompodtion ;  yields  a  slight  sublimate  when  heated  in  a  tube.  It  is 
coloured  dark  carmine-red  by  sidphuric  acid  and  manganic  peroxide.  Its  aqueous  or 
alcoholic  solution  gives  a  dark  cherry-red  colour  with  ferric  chloride.    When  heated 
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with  h^droehlorie  or  dilute  sulphuric  acidy  it  is  resolred  into  glucose  and  ononetin 
(p.  203). 

.  OWTX.  A  efaalcedonie  Tsaeietj  of  quartE,  resembling  agate,  bat  having  the  colours 
— nsoallj  a  light  clear  brown  and  an  opaque  white — arranged  in  flat  horizontal  planes. 
When  the  layers  consist  of  sard  and  white  chalcedony,  the  stone  is  called  sardonyx, 

OO&Xra  (from  ifSw  an  egg). — A  lime-stone  rock  consisting  of  minute  spherical 
grains  resembling  the  roe  of  a  fish.  In  some  oolites  the  individual  grains  are  formed 
of  concentric  layers  enclosing  a  nucleus  of  some  foreign  substance ;  in  the  oolite  of 
the  Karlsbad  springs,  for  example,  this  nucleus  usually  consists  of  granite. 

OOBITB.  A  mineral  resembling  pinite  from  the  porphyry  of  Oos  near  Geroldsau  in 
Baden.  Kessler  (Jahresb.  1861,  p.  1008)  found  in  oosite  from  Ghinzenbach  and 
Selighofen,  58*69  silica,  2'289  alumina,  409  ferrous  (-  4*54  ferric)  oxide,  022 
magnesia,  4*94  potash,  1*14  soda  and  5'11  water  (»  100*27). 

OPA&i  Native  amorphous  hydrated  silica^  occurring  in  masses  having  a  oonchoidal 
fracture,  vitreous  lostre  sometimes  inclining  to  resinous  or  pearly,  and  white,  yellow, 
brown,  green,  or  grey  colour  accordiog  to  the  foreign  substances  present)  sometimes 
exhibiting  a  rich  play  of  colours,  or  different  colours  by  refructed  and  reflected  light. 
Hardness  ^  5*5 — 6*5.  Specific  gravity  s.  1*9 — 2*3.  It  appears  to  be  a  mixture  of 
several  hydrates  of  silica  and  various  adventitious  substances,  such  as  ferric  oxide, 
alumina,  macnesia,  alkalis,  &c. ;  tiie  proportion  of  silica  varying  from  73  to  95  per 
cent.,  and  that  of  water  from  3  to  12  per  cent.  Pulverised  opal,  like  artificitdly 
prepared  amorphous  silica,  dissolves  in  hot  potash-ley,  a  character  by  which  it  is 
distinguished  from  quartz  (oystaUised  silica).  Opal  is  infrudble  before  the  blow- 
pipe, but  gives  off  water  and  becomes  opaque.  Some  varieties  containing  iron  turn 
red. 

The  following  varieties  of  opal  are  distinguished  according  to  their  colour  and  other 
physical  properties. — I.  Precious  or  noble  opal:  generally  white  or  colourless,  and  ex- 
hibiting a  rich  ^lay  of  colours,  green,  red,  blue,  and  yellow  of  various  shades.  When 
large  and  exhibiting  its  iridescence  in  perfection,  it  is  a  very  valuable  gem.  It  occurs 
in  porphyry  at  Gzernewitza  near  Eashau  in  Hungary,  at  Frankfort,  and  at  Gradas  4 
Dios  in  Honduras. — 2.  Fire  opal  or  Qirasol:  a  transparent  opal  coloured  hyacinth-red 
to  hoDey-  and  wine-yellow  by  ferric  oxide,  sometimes  with  blue  and  yellow  shades ; 
occurs  at  Zimapan  in  Mexico  and  in  the  Faroe  islands. — 3.  Common  opal :  of  various 
colours,  but  only  translucent  or  semi-transparent  and  without  iridescence ;  abundant  in 
Hungary,  the  Faroe  islands,  Iceland,  the  Giant's  Causeway,  and  the  Hebrides :  found 
also  near  Smyrna. — 4.  Hyalite :  mostly  quite  transparent  and  colourless,  or  enamel-like, 
but  neither  bright-coloured  nor  iridescent;  occurs  in  amygdaloid  at  Schemnits  in 
Hungary,  and  in  clinkstone  at  Waltzsch  in  Bohemia ;  also  in  several  localities  in  the 
United  States. — 5.  Semi-opal:  generally  translucent  at  the  edges  only,  and  with  a 
waxy,  not  glassy  lustre ;  found  near  Hanau. — 6.  Wood-opal  is  a  semi-opal  having  a 
peculiar  li^eous  structure,  produced  in  fact  by  the  silicatisation  of  fossil  wood ;  it 
forms  large  trees  in  the  pumice  conglomerates  of  Saiba  near  Nensohl  and  Kremnitz  in 
Hungary,  in  Faroe,  near  Hobait  Town  in  Tasmania,  and  other  trap-countries.  The 
following  varieties  occur  as  concretions  or  coatings. — 7.  MenilOe:  brown  opaque 
compact  reniform  masses,  imbedded  in  adhesive  slate  at  Menil  Montant  near  Paris. — 
8.  Cacholong :  nearly  opaque,  of  porcelain  or  bluish-white  colour ;  adheres  to  the  toneue, 
contains  a  small  quantity  of  alumina  witJi  3*5  per  cent  water ;  it  is  closely  allied  to 
hydrophane,  and  offcen  associated  with  it ;  occurs  in  loose  masses  in  the  river  Cach  in 
Buchuia. — 9.  Opal-jasper  is  a  variety  containing  several  per  cent  of  iron.— 10.  Silioious 
sinter  is  a  loose  silicious  aggregate  deposited  by  the  Geysers  of  Iceland,  where  it 
presents  porous,  stalactitic,  fibrous,  cauliflower-like,  and  occasionally  compact  concre- 
tions, called  geysente  by  Damour. — 11.  Pearl-sinter  or  Fiorite  occurs  in  the  cavities  of 
volcanic  tufa,  in  smooth,  shining,  globular  and  botryoidal  masses,  having  a  pearly  lustre. 
— 12.  Michaelite,  from  the  island  of  St  Michael  in  the  Azores,  is  a  white  pearly  variety; 
specific  gravity  1*88. — 13.  Alumocalcite  is  an  impure  opal  of  a  bluish  milk-white 
colour  containing  6  per  cent  lime. — 14.  Some,  if  not  aU  the  silicious  deposits  formed  of 
infusorial  remains  also  consist  of  amorphous  soluble  silica  (some,  however,  likewise 
contain  quartz).  Bandanite  (silioe  gUaHneuse\  occurring  as  a  fine  earth  or  in  com- 
pact earthy  masses  at  Cessat  near  Pont  GKbaud  (Dep.  Puy-de-Dome)  and  in  tiie  neigh- 
bourhood of  Algiers,  is  a  variety  of  this  kind. 

Some  varieties  of  opal  are  found,  with  salena  and  blende,  in  metalliferous  veins ;  it 
also  occupies  the  interior  of  fossils  in  sandstone.  Its  formation  is  due  to  the  solubility 
of  amorphous  silica  in  water,  especially  in  hot  water  or  water  containinff  carbonic 
acid,  the  silica  being  dissolved  out  by  spring  waters  from  decomposea  silicates, 
and  deposited  under  favourable  circumstances  in  a  state  more  or  less  approaching  to 
purity. 
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€IFA&  tkTmTMWMMMMm  Syn,  with  ScKBorriBini  (q.  v.) ; — a]flo  with  efaryBOOolU 
or  silicate  of  copper  (see  Siligatbs). 

oyKXO&ITB.  A  name  applied  hy  T.  8.  Hunt  (Sill.  Am.  J.  [2]  zzr.  217; 
Jahresb.  1869,  p.  785)  to  aeipentme  (pore  ophiolite)  and  its  Tarietiea  (aee  awaaarnxm. 

OWWaTWm    8yxL  with  SaRyjwTimL 

OVBlTOn.  This  name  ia  applied  hj  Corenwinder  (Jahreab.  1847-8,  p. 
1279)  to  the  porphyry  of  Temnay,  a  rock  conaistiDg  eesentially  of  felspar  and  augite. 

See  Opiamio  Aon>,  Ajcdm  of  (p.  206). 

,     C'*H»»0»  =  g|0,  or^cflijiH    {q^    (Lie big  and 

Wohler,  Ann.  Ch.  Fham.  xKt.  126.— Wohler,  ibid,  L  1.— BWth,  ilrid.  L  29.— 
Anderson,  Edinb.  FhiL  Trans. xz.  [2]  347. — ^MatthiessenandJPoster,  Chem.  Soe. 
J.  xri.  345.) — ^An  acid  produced,  together  with  cotamine,  by  the  oxidation  c^narcotine : 

C"H«NO»  +  0    -    C»«H»*NO«  +  C»H»*0»; 
Nweotine.  Cotarniae.  OpUnIc  acid. 

i.  ^.  by  the  action  of  sulp^hnrie  acid  and  peroxide  of  maganese  or  peroxide  of  lead ;  by 
the  action  of  boiling  nitric  add ;  by  bouin^  hydrochlorate  of  narootine  with  platinio 
diloride  and  water. — ^AIso,  by  boiling  teropiammone  (triopianamide)  with  potash-ley. 

The  following  is  the  moae  of  preparation  recommended  by  Matthiessen  and 
Foster:  100  grms.  of  narcotine  is  dusolved  in  a  considerable  excess  of  dilate  sol- 
phnric  add  (150  grms.  add  and  1500  grms.  water) ;  the  solution  is  heated  to  boiling, 
and  150  grma.  of  finely  powdered  black  oxide  of  manganese  (containing  60  per  cent 
real  peroxide)  is  added  as  quickly  as  posdble,  care  being  taken  that  it  does  not  cause 
the  liquid  to  froth  oyer :  when  the  whole  quantity  of  peroxide  has  been  added,  the 
mixture  is  quickly  filtered  through  a  funnel  surrounded  with  boiling  water.  The  fil- 
trate on  cooling  becomes  half  soHd,  from  separation  of  crystals  of  opianic  add ;  and  by 
twice  reoystalBsing  this  product  from  boiling  water  it  is  obtained  nearly  pure,  though 
still  retaining  a  slight  brownish  colour,  from  which  it  may  be  freed,  if  necessary,  by 
boiling  with  dilute  hypochlorite  of  sodium,  and  decomposing  the  resulting  solution 
with  hydrochloric  add.  The  opianic  acid  is  then  deposited  as  the  liquid  cools,  and 
may  be  reciystallised  from  boiling  water. 

IVop^^iM.— Opianic  add  crystallises  in  thin  prisms,  often  radiating  and  interlaced. 
It  is  colourless,  has  a  bitter  taste  and  slight  add  reaction,  dissolves  sparingly  in  cold, 
easily  in  boiling  water,  also  in  alcohol  and  in  ether.  It  melts  at  140^  without  loss  of 
weight,  and  is  not  yolatile;  but  if  more  stronfl^y  heated  in  a  retort,  it  creeps  up  the 
sides  and  may  thus  be  distilled  without  aetnafiy  volatilising.  When  heated  m  contact 
with  the  air,  it  gives  off  aromatic  vapours  whidi  smell  like  vanilla,  and  bum  with  a 
smoky  flame. 

Opianic  add  suffers  a  remarkable  change  under  the  influence  of  heat.  The  melted 
add  remains  soft  and  tzansparent  for  some  time  after  cooling,  but  ultimately  loses  its 
transparency,  and  becomes  hard  and  milk-white.  In  this  state  it  has  the  same  composition 
as  the  crystallised  add,  but  differs  from  it  considerably  in  its  properties,  being  insol- 
uble in  water  and  alcohol,  and  even  in  dilute  alkalis,  dissolving  only  after  prolonged 
boiling  with  caustic  potash. 

Decompositions.-- 1.  Opianic  add  heated  with  nitrie  aoid^  pktHnie  chloride,  or  sul' 
phwrie  acid  and  peroxide  of  lead,  is  converted  into  hemipinic  acid,  C'®H'*0*. — 
2.  When  it  is  mixed  with  a  Idxg^  excess  of  potash-ley,  and  evaporated  nearly  to  diyness, 
it  is  resolved  into  hemipinic  acid  and  meconin:  2C"H"0*-C»«H>«0«+C'»H'»0* 
(Matthiessen  and  Foster). — 3.  By  the  action  of  nascent  hydrogen^  as  when  its 
aqueous  solution  is  warmed  with  sodium-amalgam^  it  is  converted  into  meconin 
(Matthiessen  and  Foster): 

C"H'»0»  +  H»     -     C'«H'«0*  +  H«0. 

4.  When  fused  in  a  current  of  dry  chlorine,  it  gives  off  hydrochloric  add,  and  yields 
yellowish-red  resinous  products  (Wohler). — 5.  When  heated  with  three  or  four  times 
its  weight  of  strong  hydrochloric  acid,  either  to  100^  in  a  sealed  tube,  or  to  the  boiling 
point  of  the  add  in  an  open  vessel,  it  is  decomposed,  vrith  evolution  of  methylic  chloride 
and  carbonic  anhydride,  and  formation  of  an  acid  containing  G*H"0*  (Mattthiessen 
and  Foster): 

CitH^b*     +     HCl      ^      C"HH)»     +     CH'Cl. 

6.  A  similar  decomposition  appears  to  take  place  when  opianic  add  is  boiled  with 
fuming  hydriodic  aM,  methylic  iodide  being  given  off  without  separation  of  iodine 
(Matthiessen  and  Foster). — 7.  Sulphurous  acid  dissolves  opianic  add,  producing 
o  p  i  a  no-s  ulphurousaci  d. — 8.  The  aqueous  solution  of  opianic  add  does  not  appear 
to  be  altered  by  stUphydrie  acid  at  the  boiling  heat^  but  on  cooling  to  70®  it  is  con- 
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▼eited  info  snlphopianic  acid,  C^E}'&0*^  vithont  formatioii  of  iat  other  product 
(Wohler). 

G»»H'«0»  +  H«    -    C'«H»«eO*  +  H«0. 

Opiakatbs.  C'H^MO*  or  C**H**M"0'*,  aoeording  to  the  atomicilY  of  the  metal 
A  boiling  solution  of  the  add  deeompoaes  the  carbonates  of  barium,  calciiim,  lead  and 
silver,  forming  oystallisable  salts. 

The  ammonium-salt  is  obtained  in  lazffe  tabnkr  crystals  by  spontaneous  evaporation 
of  a  mixture  of  alcohol  and  a  saturated  solution  of  opianic  acid  in  ammonia.  The 
ammoniacal  solution  unmixed  with  alcohol  yields  by  evaporation  an  amoiphous  trans* 
parent  mass,  which  dissolves  but  partially  in  water,  leaving  a  residue  of  opiammone 
{vid.  inf.). 

The  hafitm-talt,  0*Hi^ba''0^.2HH),  forms  radiate  prisms  which  effloreBoe  with 
loss  of  6  per  cent,  water  ( «■  2  at.).  The  cakium-44U  is  soluble  and  crystalhsable. 
The  Uadr^alt,  C^H*'Ppb''0**.2H*0,  forms  shining,  trfmsparent^  mammellated,  sparingly 
soluble  crystals,  which  melt  at  160^,  and  begin  to  decompose  at  180^.  From  hot  solu- 
tions it  sometimes  crystallises  in  tufts  of  small  silky  prisms  which  are  anhydrous.  It 
is  soluble  in  aloohoL  The  silver-salt,  C**H'AgOf  4rHH>,  crystaUises  in  transparent 
shortened  prisms^  which  appear  yellow  in  masa.  ^They  give  off  their  water  at  100^, 
and  melt  with  decomposition  at  200^. 

Opianats  of  Ethyl.  Opianic  Ether,  C»«H^(?H»)0».— Formed  by  passing  sul- 
phurous acid  sas  into  a  hot  alcoholic  solution  of  opianic  acid,  and  deposited  from  the 
concentrated  liquid  in  tufts  of  small  prisms  or  in  spherules  (^Wohler).  Or  it  may  be 
produced  by  heating  opianic  add  with  alcoholic  hydrochloric  acid  to  100^  in  a  s^ed 
tube,  predpitated  by  pouring  the  contents  of  the  tube  into  water,  and  obtained  by 
ciystallisation  from  alcohol  in  hemispherical  masses  of  brilliantly  white  radiating 
needles  (Matthiessen  and  Foster).  It  is  inodorous,  but  has  a snghtly  bitter  taste ; 
is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether;  melts  at  92^ 
(Wohler) ;  at  88^  (Matthiessen  and  Foster),  and  solidifles  inaradiated  mass  on 
cooling,  it  may  be  sublimed  between  two  watch-glasses.  When  heated  some  degrees 
above  its  meltii^  point,  it  remains  for  a  long  time  soft  and  amorphous ;  it  bears  a  high 
temperature  wit£out  decomposition.    (W  o  h  1  er.) 

By  boiling  with  water,  it  is  slowly  converted  into  alcohol  and  opianic  add,  more 
quickly  by  potash.    It  is  not  attacked  by  ammonia  in  the  cold,    (w  ohler.) 

Acids  derived  from  Opianic  acid* 

OFiA]Vo-tirx.PBURongAciD,  C**H"SO«?  (Wohler,  ^.<nf.)— This  acid,  obtained 
by  evaporating  a  s^tion  of  opianic  add  in  hot  aqueous  sulphcrous  add,  is  a  transparent, 

Sratailine  mass,  which  dissolves  the  carbonates  of  barium  and  lead,  forming  crystallised 
ta. — The  barium-salt  forms  shining  colouriess  ihomboi'dal  tablets  wmeh  ghre  off 
water  and  begin  to  decompose  at  140*'.--The  lead-salt  crystallises  in  fom^ffided  prisma 
with  dihedral  summits  and  having  their  lateral  edges  replaced  by  broad  faces,  so  that 
the  crystals  tsp'OMt  hexagonal  They  give  off  6-5  per  cent,  that  is,  half  of  their 
water  of  crystailisaldon  at  180^,  the  rest  with  slight  decomposition  at  170^.  The  crys- 
tallised salt  gave  by  analysis  29'23  per  cent,  carbon,  3*00  hydrogen,  8*10  sulphur,  and 
26-67  lead-oxide,  agreeing  approximately  with  the  formula  Ci*HTbSO*.SHH>  {vid. 
Gherhardt,  Traits,  iv.  87). 

SuLFHOPXANio  AcXD,  C'*H'*0^,  prodttced  by  the  action  of  sulphydric  acid  on 
opianic  add  (p.  205),  forms  delicate  yellow  prisms  which  soften  below  1009,  and  become 
completely  fluid  at  Uie  temperature  of  boihng  water,  forming  a  pale  yellow  oil  which 
on  cooling  solidifies  in  a  transparent  amorphous  mass.  This  add  gives  by  analysis  52*4 
— 53*0  per  cent,  carbon,  4*2  hydrogen,  and  14*3  sulphur,  the  formula  requiring  53'1  C, 
4-4  H,  14*1  S  and  28*4  0.     (Wohler.) 

The  add  decomposes  above  100*^,  and  when  calcined,  takes  fire  and  bums  with  a 
sulphurous  fiame. 

The  amorphous  acid  dissolves  in  alkalis,  and  the  solution  of  its  ammonium-salt 
forms  with  lead-  and  silver-salts,  predpitates  which  are  easily  decomposed  when  heated 
in  the  liquid. — The  behaviour  of  the  czystalUsed  add  with  basee  has  not  been 
examined. 


OFIAinc  ▲CZ]>p   AWTPas  or«    Two  of  these  bodies  are  known,  viz. : 
o^S^^^    jC-H-nJO-  -<<''*^)'JN  -  2C»H'»0'  +  KH*  -  2^0. 
^|^^^^^lc»BPNO»  m  (C"H»0«)»N.H«0  -  8C»H"0»  +  NH«  -  2H«0. 
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Both  them  edrnpoands  are  rmolyed  by  alkalis  into  opuihie  add  and  amnoDia^  but  only 
the  fint  appears  to  be  producible  by  the  dehydration  of  opianate  of  ammonium. 

OpiAHKOHfl^  C*H''NO*. — ^A  solution  of  opianie  add  in  ammonia  leaves,  when 
evaporated  at  a  reiy  gentle  heat»  an  amorphous  transparent  mass,  which  becomes 
milk-white  when  treated  with  water  and  dissMres  but  partially,  leaying  opiammone. 
The  dried  residue  may  be  completely  converted  into  this  compound  by  heatmg  it  to  a 
temperature  a  little  above  100^,  as  long  as  ammonia  is  given  off,  and  the  product  may 
be  freed  from  the  last  traces  of  opianate  oi  ammonium  bv  boiling  with  water. 

Opiammone  is  a  pale  yellow  arystalline  powder,  insoluble  in  cold  mater^  and  but 
little  attacked  by  bouing  water ;  but  when  heated  with  water  to  160®  in  a  sealed  tube 
it  dissolves  completely,  as  opianate  of  ammonium.  When  heated  it  creeps  along  the 
sides  of  the  vcsmI  without  subliming,  but  if  strongly  heated  in  contact  with  air,  it 
decomposes.  It  is  not  altered  by  heating  with  dilute  adds.  Caustic  potash  slowly 
converts  it,  with  evolution  of  ammonia*  into  opianate  of  potassium,  and  the  potassium- 
salt  of  another  add  not  yet  analysed,  which  Wohler  designates  by  the  name  zantho- 
penicacid.  On  adding  l^drochloric  add  to  the  solution,  zanthopenic  add  is  predpi- 
tated  in  yellow  flakes  and  the  remaining  liquid  deposits  ctystius  of  opianic  acid. 
(Wohler, /oco^.) 

TsBOPiLMM  ONB,  C^H^NO**,  IS  pfoduosd  by  the  sctionof  dilute  nitric  add  upon  nar- 
eotine ;  no  other  mode  of  preparing  it  has  yet  been  discovered.  It  crystallises  in  slender 
colourless  needles,  insoluble  in  mater^  sparingly  soluble  in  cold  alcohol,  rather  more  in 
boiling  alcohol,  very  sparingly  in  ether.  It  is  decomposed  by  fdtrie  but  not  by  hydro- 
chloric add.  Strong  suLphturio  aeid^  dissolves  it  in  the  cold  with  yellow  colour,  but  on 
heating  the  solution,  it  assumes  a  fine  crimson  tint.  It  is  not  attadced  by  ammonia. 
Boiling  potash  eliminates  ammonia  and  converts  it  into  opianate  of  potasnum. 
(Anderson.) 

OWUBkMTMMJ  A  base  resembling  narootine,  found  bv  Hinterberger  (Ann.  Ch. 
Pharm.  Izxvii  2Q7 ;  IxzziL  810)  in  some  spedmens  of  Egyptian  opium.  It  was  pre- 
dpitated  bv  ammonia  from  the  aqueous  extract  together  with  morphine,  and  on  dis- 
solving this  predpitate  in  alcohol,  the  opianine  crystallised  out  first  in  large  right 
rhombic  prisms,  which  yielded  by  analysis  63*0  per  cent,  carbon,  6*7  hydrogen,  and 
4*3  (mean)  nitrosen,  whence  Hinterberger  deduces  the  formi^  C**H'^N*0*^  requiring 
63*1  carbon,  5*8  hrdrogen  and  4*5  nitrogen.  In  one  analysis  however  (by  combustion; 
with  soda-lime),  lunterberger  found  only  2*2  per  cent  nitrraen,  and  accormngly  gave  at 
fiist  tiie  formula  C^i^JvO";  Anderson  (Ann.  Ch.  Pharm.  zcviii  50)  deduces 
from  the  same  data  the  formula  C'H'^NO".  Gerhardt(ZVat^^,iy.68)  andWeltzien 
(Organ,  Verhind.  p.  567)  doubt  the  existence  of  opianine  as  distinct  from  nareotine. 
Opianine  forms,  according  to  Hinterbeiger,  a  ehhromereurate  containing  C*JP*N*O^K 
Ea.HgCL    (See  GmditCs  Handbook,  xvi  66.) 


OPlAVO-ftinbPSUmOirB  AOZB.    See  p.  206. 


C'*H*0^ — A  radicle  which  may  be  supposed  to  exist  in  opiamor 
add  and  its  derivatiyes.    Anderson  applies  the  name  to  meoonin,  CH^K)*. 

ovum.  This  valuable  drug  is  the  dried  juiee  obtained  from  the  unripe  capsules 
of  the  white  poppy  (Pcmaver  somniftTum\  a  plant  extendvely  cultivated  for  the  pur- 
pose in  Asia  Minor,  £gypt,  and  Hindostan.  Persia  and  Algeria  likewise  produce 
opium,  and  the  ^  plant  ms  been  cultivated,  but  not  with  vei^  satisfiictary  results, 
in  various  parts  of  Europe.  The  European  mariuts  are  supplied  ohiefly  from  Asia 
Minor  and  £gypt^  the  opium  from  the  former  locality,  called  Turkish  or  Smyrna  opium, 
bdng  the  best,  that  is  to  say  the  richest  in  morphine.  East  Indian  opium  is  chiefly 
exported  to  China.  The  opium  is  extracted  by  making  ineinons  in  the  oapstdes  juHt 
after  the  petals  have  £&llen  off  A  milky  juice  then  exudes  which  soon  concretes;  it  is 
left  to  dry  over  night,  then  removed  with  a  blunt  knife  and  kneaded  with  water  into 
cakes,  which  are  then  further  dried.  As  thus  prepared,  it  is  brown  and  somewhat  hard, 
has  a  bitter,  acrid,  nanseous  taste,  and  a  -peculiar  dckly  odour.  It  softens  with  the 
heat  of  the  hand  ;  when  more  strongly  heated  it  takes  flre,  but  does  not  bom  readily. 
For  iurther  particulars  respecting  the  pveparation  and  properties  of  opilum,  see 
Pereira's  Materia  Mediea;  also  a  paper  by  Dr.  Eatwell  in  the  Pbarmacentica 
Journal  for  1852.] 

Opium  is  a  reiy  coin]^ez  substance  eontaming  several  alkaloids,  two  or  three  orffanio 
adds,  and  several  neutral  organic  substances  besides  inorganic  salts.  The  foUowing  is 
a  list  of  its  peculiar  constituents : 
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AlkmkHdt, 


Name. 


Discomtred  bjf 


Narcotine 
Morphine 
Codeine 
Naroeine 
Pseudomorphine  ? 

Thebaine  j 

Papaverine 
Opianine? 


Deroene 

Sertorner 

Bobiqnet 

Pelletier 

Pelletier 

Pelletier 


in  1804 
1804 
1888 
1833 
1836 


f» 


»» 


andConerbel**  ^ 
Merck  .  „  1840 

Hinterberger  „  1861 


AddM  and  Sadral  StUatmeet, 


Name, 


Dkeo^enrdbg 


Meoonie  acid 

Oil^  acid  (Opium-fiit) 

Opinm-resin 

Meoonin 

Porphyrozin  ? 

Thebolacticacid? 


Sertorner 

Pelletier 

Pelletier 

Dnblano 

Merck 


in  1804 
^  1833 
,,  1833 

»» 


»» 


1833 
1837 


T.&H.Smith.,  1862 


All  the  alkaloids  in  the  preceding  liat^  except  papaverine  and  th^Mine,  have  been 
already  described ;  the  existence  of  peeudomorphine  and  opianine  is  Tery  doubtful 
(seeiii  1051  and  iy.  208).  The  following  table  exnibits  a  genend  vieir  of  the  reactions  of 
the  opimn-alkaloids  witii  Tarions  solvents: 

MubiUty  of  Opium-alkajUnda, 


N«1B» 

Fomvlfc 

BwHaw^Hh 

ratoA                     AleakaL 

Xlkat. 

P^ 

HorphlDe. 

C«rH»NO». 

Vary  tparinglj 
•oluble. 

Moderately 
soluble. 

Nearly 
Insoluble. 

Soluble 
in  excess. 

Codeine. 

C>»H«NO». 

Soluble. 

Very  soluble. 

Very 
Insoluble. 

Imoioble  In 
strong  potash. 

Thebafne. 

CitfpiVOi. 

Inaoluble. 

• 

Soluble. 

Soluble. 

Soluble  In 
dilute  potash. 

Papaverine. 

C»H«HO«. 

Iniolnble. 

Soluble. 

SolaUe. 

Insoluble. 

Nacelne. 

CMH"NO». 

Very  vparingly 
soluble. 

Soluble. 

Insoluble. 

Soluble  in 
dilute  potash. 

Narootlne« 

C«H»NOr. 

Nearly 
Insoluble. 

Soluble. 

Soluble. 

Insoluble. 

Meeonio  acid  and  meoonin  have  been  already  described  (iii.  869,  861).  Pelletier's 
cpium-fat  and  opiumrreein  will  be  described  farther  on. 

Pornhyroxin  is  the  name  giyen  b^  Merck  (Ann.  Ch.  Pharm.  xxi.  201)  to  a  neutral 
crystalline  substance  which  he  obtained,  to  the  amount  of  ^  per  cent,  from  East  Indian 
and  Smyrna  opium ;  but  its  eodstence  is  not  well  establianed.  Anderson,  who  sought 
for  it  with  some  care,  was  unable  to  obtain  it 

Thebolaetie  acid  is  an  add  isomeric  with  lactic  acid,  said  to  exist  in  Turkey  opium  to 
the  amount  of  2  per  cent,  and  to  be  separated  from  tiie  impure  moth^Uquors  of  mor- 
phine by  the  rrady  crystallisability  of  its  calcium-salts.  Stenhouse  regards  it  as 
identical  with  lactic  acid,  but  some  of  its  salts,  especially  the  copper  and  morphine- 
salts,  are  said  by  its  discoverers  to  differ  in  character  from  the  corresponding  lactates. 
The  ferric  salts  of  the  two  acids  are  likewise  said  to  differ  in  their  reaction  with  am- 
monia.   Anderson  was  not  able  to  detect  the  existence  of  thebolactic  acid  in  opium. 

Opium  likewise  contains  gum,  caoutchouc  or  a  similar  substance,  vegetable  albumin, 
cellulose,  and  a  volatile  odoriferous  principle.  Its  inorganic  constituents  are  potash, 
soda,  ammonia,  lime,  magnesia,  alumiua  (?)  and  ferric  oxide,  combined  with  hydro- 
chloric, sulphuric,  phosphoric,  and  silicic  acids. 

The  proportions  of  these  several  constituents  vary  greatly  in  opium  from  different 
localities.  The  quantity  of  morphine,  on  which  the  commercial  value  chiefly  depends, 
varies  frY>m  3  or  4  to  14  or  16  per  cent  Smvma  opium  generally  contains,  in  the  dry 
state,  from  12  to  l*por  cent,  morphine  (Q-uibourt);  Egyptian,  in  the  dry  state,  from 
6*8  to  6*6  per  cent  (GFuibourt).  Merck,  however,  found  6  to  7  per  cent  in  the  undried 
substance;  East  Indian  opium  contains  from  5*3  to  7*7  per  cent  (Guibourt) ;  in  a 
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dried Bunple  of  PeniAii  opium  Gvibonrt  foimd  11'37  percent,  morphine  and 8*17  nar- 
ootm&  Ak;erian  opium  containing  7*6  per  cent,  water  waa  found  byAubergier  (Ann. 
Ch.  PhjB.  ^]  zz.  303)  to  contain  the  following  proportions  of  morphine:  opium  from 
white  poppies,  1*62  to  8*57  per  cent.;  from  na  poppies,  10*37  to  11*23  per  cent.; 
from  purple  poppies,  14*71  to  17*83  per  cent  In  diy  opium  gathered  at  Erfurt 
from  me  blue  poppj,  Biltz  found  16*6  and  20  per  cent.;  in  that  from  the  white 
poppy,  6*85  per  cent,  morphine.  French  varieties  when  dried  contain  on  the  average 
17*7  per  cent  morphine  (maximum  22*9  ;  minimum  14*8)  (Gui hour t).  Opium  col- 
lectea  at  Brest  in  1852  contained  8*2  per  cent.  (Rouz,  Gompt  rend.  zl.  34);  that 
from  Amiens  in  1853  contained  14*75 ;  and  that  from  the  same  place  in  1854,  contained 
16  per  cent  morphine.  (Descharmes  and  Senard,  Compt  rend.  zL  34. — GmdMs 
Handbook^  zvL  415.) 

The  following  method  of  eztracting  the  alkaloids  of  opium  and  determining  their 
relative  quantities  is  given  by  Anderson  (Chem.  Soc.  J.  zv.  448).  The  morphine, 
codeine  and  meconic  add  are  first  separated  bv  the  Bobertson-Gregory  process 
which  consists  in  treating  the  aqueous  eztiract  or  opium  with  chloride  of  calcium, 
whereby  the  meconic  acid  is  precipitated  as  a  calcium-salt,  while  the  bases  remain  in 
solution  as  hydicchlorates,  among  which  the  morphine  and  codeine  salts  are  easily 
crystallisable  and  separate  from  the  concentrated  solution,  leaving  the  other  bases  in 
the  mother^Iiquor.  The  morphine  and  codeine  are  then  separated  by  ammonia  as 
already  described  (iii  1051). 

To  obtain  the  other  bases,  the  black  treacly  mother-liquor  is  diluted  with  water  and 
mized  with  anmio&ia,  which  throws  down  a  copious  dark  brown  precipitate  consisting 
of  nazootine^  paparerine  and  thebaine^  accompanied  bjr  a  small  quantity  of  codeine, 
and  contaminated  with  a  brown  resinous  substance.  This  precipitate,  wmch  is  at  first 
quite  granular,  runs  together,  if  allowed  to  remain  in  the  naui^  into  a  rcAnous  mass, 
whereby  the  mother-liquor  is  squeesed  out  of  it  as  effectually  as  if  it  were  put  into  a 
powerful  press.  The  solution  of  this  precipitate  in  boiling  spirit  deposits^  on  coolings 
impure  e^stals  of  narcotine,  which  may  be  purified  by  successive  crystallisations, 
with  aid  of  animal  charcoal.  A  farther  crop  of  crystals  is  obtained  by  distilling  down 
the  solution,  and  finally  there  remains  a  black  mother-Hquor,  from  which  thebaine  and 
papaverine  may  be  prepared.  For  this  purpose  water  is  added;  the  liquid  is  slightly 
acidulated  with  acetic  acid ;  the  resin  thereby  separated  is  filtered  off;  basic  acetate  of 
lead  is  then  added  to  the  filtrate  till  it  ezhibits  an  alkaline  reaction ;  and,  the  precipi- 
tate being  separated,  the  ezoess  of  lead  is  removed  bv  sulphydric,  or  more  convenienUy 
by  sulphuric  acid ;  ammonia  then  precipitates  the  thebaine,  still  mized  with  resinous 
matters,  from  which  it  may  be  separated  by  cr^tallisation  from  alcohol ;  it  can  then  be 
decoloriiBed  by  animal  charcoal.  Papaverine  may  be  eztracted  from  the  lead-pre- 
dpitate  by  digesting  it  in  alcohol,  evaporating  the  liquid,  treating  it  with  hydrochloric 
add,  filtering  from  resin,  concentrating,  and  leaving  die  solution  to  itself  for  some  time, 
when  the  sparingly  soluble  hydrochlorate  of  papaverine  slowly  crystallises.  From  this 
salt  the  base  may  be  obtained  in  a  state  of  purity  by  precipitation  with  ammonia  and 
crystallisation  from  spirit  / 

The  mother-liquor  from  which  the  predpitate  of  these  bases  has  been  separated  con- 
tains narceine  and  meoonin,  with  a  small  quantity  of  papaverine.  On  concentrating  it, 
narceine  separates  in  abundance,  and  is  easily  obtained  pure  by  washing  with  a 
small  quantity  of  cold  water,  and  crvstallising  two  or  three  times.  After  concentrating 
the  liquid  till  the  narceine  is  completely  separated,  the  residue  is  repeatedly  agitated 
with  }  of  its  volume  of  ether  at  26°,  which  eztracts  meconin,  together  with  a  little 
papaverine ;  and  the  ether  is  distilled  off  from  the  eztracts,  a  brown  syrup  then  remain- 
ing. On  treating  this  syrup  with  hydrc^hloric  acid,  papaverine  dissolves,  and 
meconin  remains  in  the  form  of  a  dark  grey  crystalline  powder,  which  may  be  freed 
from  resin  by  repeated  ciystallisation  from  boiling  water  with  addition  of  animal 
charcoal. 

For  Pelletier's  method  of  separating  the  several  constituents  of  opium,  see  GmdifCs 
Handbook,  zvi  420.  For  the  estimation  of  morphine  in  opium,  ibid,  p.  423,  or  this 
Dictionary,  iii.  1053. 

On  the  mierofloopic  appearances  of  the  several  constituents  and  medidnal  prepara- 
tions of  opium,  see  Deane  and« Brady  (On  Mieroacomcal  Betearch  in  raation  to 
Pharmacf/,  Chem.  Soc  J.  zviiL  34);  also  Helvig  (Das  Mikroseop  in  der  Ttmooloffie, 
Mainti^  1864). 

The  following  table  ezhibits  the  oompontion  of  five  sorts  of  Smyrna  opium  as  deter- 
mined by  Mulder  (Handw.  d.  Chem.  v.  721). 
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Anafyaet  of  Smyrna  Opium, 


Morphine 

10-8 

41 

9-9 

2-8 

8-8 

Codeine   .        .        .        . 

07 

0-8 

0*8 

0-9 

0-6 

Narootine 

6-8 

8-2 

9*6 

77 

6-6 

Narcnne  * 

67 

7-6 

77 

9-9 

18-2 

Heoonin  .        .        .        . 

0-8 

0-8 

0-8 

1-4 

0-6 

Heconic  acid    . 

61 

40 

7-6 

7-8 

6-6 

Fat. 

2-2 

1-4 

18 

4-2 

1-6 

Caoutchone 

60 

60 

37 

8-8 

8-2 

Beflin       .        .        .        , 

8-6 

20 

41 

2-2 

1-8 

Gxunmy  extract 

25-2 

81-6 

21-8 

22-6 

267 

GKim        .        .        .        , 

10 

2-9 

07 

8*0 

0^ 

Vegetable  mncna 

191 

171 

211 

IS'6 

180 

Water      .        .        .        . 

9-8 

12-2 

11-4 

180 

140 

Lose        .       .       .       . 

2-2 

2-6 

•    • 

27 

8-6 

100       100       100*5     100        100 

In  theee  analyaea  the  i»oportion  of  narceine  appean  to  be  too  hig^ ;  noasibly  the 
tiiebaine  and  papiiTerine,  the  amonnte  of  which  are  not  epedfled,  were  weifped  with  it. 
The  following  analyaee  are  by  Sohindler  (ioe.  dt) : 

ODium  Oplan  Oplam 

froiD  front  CoAb  fron 

Bmyroau       •Untiaopto.        Bfjpt. 

Itephine 10*30  4*60           7*00 

Codeine 0*26  0*62 

Kaiootine 1*30  8*47           2*68 

Naroeine 071  0-42 

lieoonin 0*08  0*30 

Heeonieacid 4*70  4*38 

Pecoliarraan 10*93  810 

Vegetable  mncoa,  caoatchono,  add  >  ott,€%K  i  v .i  a 

&t^  and  vegetable  fibre              (        •        •  30  2d  1718 

Brown  add  soluble  in  water  and  in  alcohol   .  1*04  0*40 

Brown  add  soluble  only  in  water,  and  gum  .  40*18  66*46 

lime 0*40  0*02 

Magneda 007  0*40 

Alumina,  ferric  ozide^  dliea,  (  ^^ .  ^.aa 

caldc  phoephate               (        '        *        '  "^*  "" 

8alta»  and  Tdatile  oil  (about)        .        .        .  0*86  0-36 

9076  96*78 

OVXVM  VAT.  OUsf  acid  <^  Ojpium.  C'H'K)?— This  substance,  discoyered  by 
Pelletier,  is  obtained  by  repeated^  digesting  opium-marc  in  warm  alcohol  of  specific 
grayit^  0*84,  filtering  each  t^ne  after  cooling,  to  separate  the  depodted  caoutchouc,  and 
distiUing  the  alcohol  down  to  three-fourths,  filtenng  again  to  remore  the  narootine 
which  crystallises  out,  eTaporatiQ^  the  filtrate  to  diyness,  again  exhausting  the  residue 
with  hot  alcohol  of  specific  gravity  0*^,  and  repeating  these  operations  till  all  the 
naicotine  is  removed.  The  residue  left  on  evaporating  the  filtered  solution  is  then  ex- 
hausted with  boiling  water,  and  afterwards  with  ether,  which  takes  up  the  oily  add, 
leaving  opium-resin  undissolved.  The  ethereal  solution  when  evaporatea  leaves  the  oily 
acid  in  tne  liquid  form,  but  still  slight^  contaminated  with,  narcotine,  whidi  may  be 
removed  by  agitation  with  water  containing  a  little  hydrochloric  add ;  the  &t  then 
floats  on  the  surfi&ce  and  may  be  skimmed  off 

Opium-fat  is  generally  yellowish  or  brownish,  the  colour  beins  probably  due  to  im- 
purities. It  is  soft,  almost  liquid,  has  a  sharp  burning  taate,  and  an  add  reaction  not 
removed  b^  repeated  washing.  It  dissolves  in  alcohol,  et^er,  and  oils»  and  forms  soaps 
with  alkalis.    (Pelletier,  Ann.  Ch.  Pharm.  L  276.) 

P WPlf w^lK  ft  H  f1.  The  residue  of  opium  left  after  removal  of  the  meconates  of 
morphine  and  codeine  and  other  salts  soluble  in  wat^. 

OFIDW-XBSnr.  (7H>>N0*?^This  substance,  the  Reparation  of  which  baa 
been  described  in  connection  with  opium-fiit,  is  brown,  destitute  of  taste  and  odour, 
and  becomes  neariy  fluid  when  warmed.  At  a  higher  temperature  it  swells  np 
stronglv,  p;iving  off  laree  quantities  of  empyreumatic  oil  and  combustible  gases.  It  is 
insoluble  m  water,  soluble  in  alcohol  and  in  alkalis.    (Pelletier,  loe,  ctt) 

0V08A&8A1K.    Syn.  with  Mecca  Balsam  (see  BAi.aAMfl^  L  496). 

LinimetUwn  tapanaUhcamphoratwm, — ^A    solution  of  soap  in 
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iileoliol,  with  tlie  additicm  of  wmHihor  and  TolitQe  oik.    It  is  used  cxtfinially  •guncl 
riMwnatie  pains,  BpnxM,  hraises^  and  other  like  oomplaints. 

OVOVAVAX.  A.eonorete  gnnuiij  xssiiioiis  juiea,  obtained  from  the  raoto  of  an 
unbeUiferons  plant,  the  Ptutmaea  Opopanas,  L.,  Opepanax  Chironium,  Koch,  which 
^WB  spontaneously  in  the  wanner  ooontriesi  and  h&as  the  eolds  of  onr  climate.  The 
jniee  is  brought  from  Turkey  and  the  East  Indies,  sometimes  in  vound  drops  or  tears, 
but  more  conmMmly  in  irregular  himpa^  of  a  reddish-yellow  colour  on  the  outside,  with 
specks  of  white;  inwardly  of  a  paler  colour,  and  frequently  yariegated  with  large 
white  jneces.  It  has  a  peculiar  strong  sbmU,  and  a  bitter,  acrid,  somewhat  nauseous 
taste.  Its  eonstitoents  aze^  reain  42*0  per  esnt,  gum  Sa*4,  ligneooa  matter  9*8,  starch 
4-2,  maUe  acid  2*8,  cztractiTa  matter  1*6,  wax  0*3^  eaoatchottc  ft  tiaos^  volatile  oil  or 
loss  3*9.    (Pelletier.) 

The  resin  of  opopanaz  melts  at  100^,  deoomposea  at  a  somewhat  higher  temperature, 
and  contains,  according  to  Johnston,  63*2 — 64*0  per  cent,  carbon  and  6*7  hydrogen, 
agreeing  approximately  with  the  formula  C**H**0*  (63*8  C,  6*4  H,  and  29*8  O). 

OVSmasan    Beudanf  s  name  for  partially  altered  Fowlaiite  from  nmnkliii»  New 
Jersey. 
OWWm    See  Omoa  (i.  1002). 
OSAVOXra.    See  Tkositb. 

OSCXXV.  (TH^O*.  lAchm-red.  FUehtenroth.  (Bobiquet,  Ann.  CL  Phys. 
[2]  xlii.245 ;  Iviii. 320.— Heeren,  Schw.  J.  lix.  836.~Duma8,  Ann.  Ch.  Phsrm.  xxriL 
145.— Kane,  FhiL  Trans.  1840,  p.  286.— Laurent  and  Gerhardt,  Ann.  Gh.  Phys. 
[3^  zxiv.  31 6.)* A  compound  formed  from  orcin  by  the  action  of  ammonia  and  oxygen. 
It  IS  prepared  as  follows:  a  small  dish  containing  powdered  orcin  is  ^aoed  abo^  a 
Tessel  containing  strong  ammonia^  and  the  whole  is  covered  with  a  bod-jar.  In  the 
course  of  24  hours  the  transformation  is  complete.  The  product  may  then  be  dis- 
BoWed  in  water,  and  poured  into  a  solution  of  hydroehlorie  add  which  precipitates  the 
orcein  in  red  ilocks,  of  a  fine  red  colour.  Orcein  is  present^  together  with  other  oolour- 
ing  matteri^  in  the  archil  of  commearoe. 

Orcein  is  unciystallisable.  It  dissolves  sparingly  in  water,  imparting  howeter  its 
colour,  and  is  precipitated  from  the  solution  b^  neutral  salts.  It  is  very  soluble  in 
alcohol,  forming  a  deep  scarlet  solution  from  which  it  is  precipitated  by  water.  It  dis- 
solves in  aqueous  fixed  alkalis  with  violet-red  colour :  the  ammonical  solution  is  of  a 
very  rich  pansy  colour.  Orcein  is  separated  by  adds  from  its  combinations  with  alkalis. 
Sulpkide  of  ammonium  destroys  the  colour  of  the  ammoniacal  solution,  producing  a 
brownish-black  liquid,  which,  however,  recovers  its  red  colour  on  exposure  to  the  air. 

When  a  piece  of  sine  is  plunged  into  an  ammoniacal  solution  of  orcein  to  which  a  sligjit 
excess  of  hydroehlorie  acid  has  been  added,  the  liquid  is  completely  decolorised,  and 
when  mixed  with  a  certain  quantity  of  ammonia  deposits  a  white  powder,  leuoorcein, 
which  by  contact  with  the  air  soon  assumes  a  deep  purple  tint. 

Orcein  mixed  with  water  or  dissolved  in  ammonia  is^  converted  by  contact  with 
eJUorins,  into  ehlororcein,  which  is  soluble  in  alcohol,  ether,  and  in  ammoniacal  water, 
colouring  the  last-mentioned  liquid  brown. 

OBCnon&A  WJUUMa  The  cylindrical  and  flat  qpedes  of  Boccella  used  in  the 
manufiMtnre  of  ot^vl  and  codbear  are  so  called  by  the  makers  (sea  Ur^s  Diet,  of 
Arts,  jv^  ilL  811). 

OBOBA.  Syn.  with  Abcbix.  (I  866). — ^An  improved  method  of  preparing  this  dye, 
introdueed  hj  Dr.  Stenhovse,  eonaistB  in  tceating  the  oolour-yieldiQg  lidiens,  on  the 
mot^  wHh  an  alkali  (potash  ot  Ume)  to  extract  the  colouring  adds^  and  predpitating 
tfaeas  adds  with  hydroehlcrie  or  aaetic  add ;  they  are  thus  complete^  separated  from 
the  woody  fibre  and  otlier  inqiuritiea. 

Bmeeting  the  improved  oichil-dye  oaUed  "  French  PutdK*'  see  Dtkko  (ii.  356), 
also  flofmann's  Stport  en  Ckmmiedl  Ihm^itets,  #«.,  tii ihs  MemaOoual  SxMbiiion </ 
1862,  p.  117. 

omoMaMm  The  root  of  Orekis  fusea  eontsias  eoomaria,  2*47  grammes  of  which 
may  beobtained  from  a  kilogramme  of  it.    (G.  and  C.  Bley,  JahrssK  1867,  p^  484) 

OSenr.  CHK)*.  (Bobiquet,  Ann.  Ch.  Fhya.  [2]  xliL  246;  Iviii.  820.-* 
Liebig  and  Will,  Ann.  Ch.  Pharm.  xxvii  147.— Dumas,  ibkL  xxvii  140.— 
Schunck,  Und,  xli.  169 ;  liv.  269.— Gerhardt,  Compt.  ehim.  1846,  p.  287.— 
Stenhouse,  Phil.  Trsns.  1848,  p.  86 ;  Ann.  Ch.  Pharm.  Ixviii  98,  09 ;  Plroo.  Boy. 
Soc.  xii  268 ;  Chem.  Soc  J.  xvi  827.~De  Luynes,  Ann.  Ch.  Pharm.  exxviii  880 ; 
czxx.  81.— Lamparter,  ibid,  cxxxiv.  266.— 0m.  xii.  868.-.Oflrh.  iii  810.)— This 
Bubetance,  discovered  in  1829  by  Bobiquet  in  Variolaria  deMata,  appears  to  exist 
ready  formed  in  all  the  lichens  used  for  the  preparation  of  srdul  sad  utmus.  It  is 
formed  artificially :  1.  By  boiling  orsellinic  acid  with  wHter,  and  therefore  also  by  boiling 

b2 


212  OECIN. 

leeanoric  f o-onellic)  acid,  ezythrio  add  (efytliriii),  piooenrthrii 


add.    Its  fimnation  from  oxaeUinio  acid  is  repreeentod  by  tib«  equation, 

C"H«0*  -  C»H^«  +   C0«; 
OrselUole  add.      Ordn. 

from  piaoerjthrin  hj  die  equation, 

C««H»W  ^  H*0    -    C*H}H)*  +  CHK)'  +  CO* 
Plcroefythrln.  Brythro-  Ordn, 

maniiito. 

2.  Bj  the  dry  diatillataon  of  lecanoric  add,  eiythrio  add,  ereniie  add  or  pieroeiythrin. 
8.  Together  with  pazaozybenaoio  add,  by  melting  aloes  with  hydnte  of  potasnnm 
probably  thus: 

c»*H»H)»  +  o   -   CBHy*  +  cna«o«  +  oo«  +  hk). 

Aloeratie  Ordn.  Fwaoxj- 

■dd.  benioic  add. 

A  pound  at  aloes  thus  treated  jrields  from  9  to  II  grammes  of  ordn.  (Hlasiweta  and 
Barth,  Ann.  Gh.  Fhazm.  cxzziT.  287.) 

H'eparation. — 1.  Dz^  Variolaria  dealbata  is  exhausted  with  boiling  alcohol ;  the  solu- 
tion freed  by  eraporation  and  cooling  from  the  resin  which  separates ;  the  remaining 
liquid  eraporated  to  an  extract ;  and  this  extract  exhausted  with  water.  The  aqueous 
siMution  evaporated  to  a  syrup,  depodts  after  a  few  days  crystals  of  ordn,  whicE  may  be 
purified  by  rectystallisation  from  water,  with  addition  of  animal  charcoal,  durine  wnich 
operation,  however,  the  chazooal  absorbs  a  considerable  quantity  of  ordn.    (R o  b  i  q  u  e  t. ) 

2.  A  rocceUa  or  a  leeanora  is  macerated  with  milk  of  lune ;  the  stouned  liquid 
boiled  for  a  fbw  hours  in  an  open  vessel,  and  evaporated  to  one-iburth ;  carbonic  acid 
gas  passed  throu^^  it  as  long  as  a  predpitate  of  caldc  carbonate  continues  to  form ; 
and  the  filtrate  evaporated  to  dryness  over  the  water-bath.  The  residue  is  boiled  with 
three  orfour  times  itebulk  of  strong  alcohol;  the  solution  evaporated,  filtered  and  setasside 
to  crystallise ;  the  dark-coloured  crystals  are  dried  after  three  or  four  days  between  paper 
and  dissolved  in  three  or  four  times  their  volume  of  anhydrous  etber ;  and  the  filtered 
solution  is  left  to  evaporate  in  vacuo.  The  large  six-sided  crvstals  thus  obtained  be- 
come still  paler  by  aystallisation  (Stenhouse).  This  method  is  well  adapted  for 
preparation  on  the  large  scale.  De  Luynes  recommends  heating  erythric  add  (the 
extract  of  Bocceila  iiiutoria,  &c.)  with  lime  to  160^  under  pressure. 

Perfectly  colourless  ordn  may  be  obtained  by  the  followine  methods :  8.  Orsellic  or 
erythric  acid  is  bdled  with  water  for  half  an  hour  or  an  nour,  whereupon  a  large 
quantity  of  carbonic  anhydride  is  given  off,  and  the  evaporated  solution  f  mixed  perhaps 
with  animal  charcoal)  depodts  on  cooling  a  large  quantity  of  colourless  crvstals  of 
ordn  (Stenhouse). — 4.  Lecanoric  add  (or  its  green  mother-liquor)  is  boiled  with 
strong  baryta-water;  the  baryta  predpitateil  by  carbonic  acid ;  and  the  liquid  heated 
to  the  boiling  point,  then  filtered  and  left  to  evaporate.  The  crystals  thus  obtained  are 
usually  ooloined,  but  may  be  purified  by  boiling  with  aluminic  or  ferric  hydrate,  which 
takes  up  the  colouring  matter.  If  the  ordn  still  remains  coloured  it  must  be  distilled 
ftcfm  a  retort,  the  distillation  being  interrupted  as  soon  as  the  ordn  vapours  begin  to 
cany  colouring  matter  over  with  them.  The  aqueous  solution  of  the  distillate  yields 
ecdoudess  crystals  by  evaporation  (Sehunck).  See  also  Lamparter  (Ann.  Ch. 
Phaim.  dxxiv.  256> 

Propertiei, — Ordn  crystallises  from  its  aijueous  solution  evaporated  to  a  syrup  in 
eoIounesB  six-sided  monodinic  prisms,  exhibiting  the  combination   ooP  .   ooPoo   . 

—  Pco ,  sometimes  with  oP.    Angle  ooP :  ooP,  in  the  orthodiagonal  prindpal  section 

-  102<»  24';  ooPoo  :  oP  -  83°  67';  »Pao  :  -  Poo  -  186<'  16'.  Cleavage  parallel  to 
ooPoo .    The  crystals  are  very  soluble  in  water  and  in  alcohol;  they  dissolve  also  in 

tther.  The  aqueous  solution  is  neutral  to  test<^per,  and  has  a  strongly  saccbarine,  some- 
what nauseous  taste.  The  er^tals  depodted  from  it  contain  1 2'67  per  cent  (1  at )  water, 
which  th^  give  off  entirely  in  vacuo  over  oil  of  vitriol,  or  at  the  temperature  of  the 
water-bath.    Viom  anhydrous  ether,  ordn  is  depodted  in  anhydrous  crystals. 

Hydrated  ordn  mdts  below  100°,  giving  off  its  water  of  crystallisation.  Anhvdrous 
ordn  heated  quickly  to  290°,  distils  in  the  form  of  a  syrupy  bquid,  which  grsdually  ab- 
sorbs moisture  from  the  air  and  becomes  crystalline.  When  gently  heatM  in  shallow 
vessels,  it  may  be  sublimed  in  needles.  Its  vapour-dendtv,  according  to  Duma^ 
determination,  is  5*7,  which  mffteea  exactly  with  that  required  by  calculation. 

The  aqueous  solution  of  orcm  is  not  predpitated  by  mercuric  chloride,  neutrsl  acetate 
of  lead,  cuprie  sulphate,  gelatin  or  tannin.  With  baste  acetate  ofUad^  however,  it  gives 
a  white  precipitate  which  appears  to  contain  C'HfPpb''0'JE^b''0 ;  and  is  likewise  pro- 
duced on  adding  nitrate  of  lead  to  an  ammonia^  solution  of  ordn.  With/frric  chloride, 
it  forms  a  dark  red  or  nearly  black  predpitate,  from  which  ammonia  extracts  orcin. 
It  does  not  predpitate  nitrate  of  silver  except  on  addition  of  ammonia. 
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Heltedoran  decomposes  dry  earhonate  of  todiwoi^  with  e^'olution  of  carbonic  anhy- 
drideu  Aqmeous  oiem  added  to  a  solation  it  HHctUe  of  sodium,  predpitatea  silica;  and 
a  ciystal  of  ozcin  thrown  into  a  boiling  solation  of  sodic  silicate  is  oonyerted,  without 
alteration  of  form,  into  gelatinous  silica.  A  concentrated  and  slightly  acid  solution  of 
tulphaU  of  quinine  or  einchomne  becomes  turbid  when  mixed  with  a  concentrated  aqueous 
solution  of  ordn,  with  separation  of  an  oily  compound  of  the  base  with  ordn  which 
becomes  nearly  solid  on  exposure  to  the  air.    (De  Luynes.) 

Deoompoaition9.~^\,  Ordn  ^;radually  turns  red  in  contact  with  otr,  espedally  in 
sunlight. — 2.  Ordn  dissolves  in  nitrie  acid,  and  on  heating  the  solution  nitrous  fiunes 
are  evoWed,  the  liquid  turning  red,  and  depositing  a  red  resinous  substance  soluble  in 
alcohol  and  in  adds.  If  the  action  of  the  acid  be  prolonged,  the  product  is  wholly  con- 
Terted  into  oxalic  acid.  Ordn  takes  Are  when  very  strong  nitric  add  is  poured  upon 
it,  but  when  it  is  gradually  added  to  cooled  fuming  nitric  add,  it  dissolves  without 
evolution  of  red  vapours,  and  water  predpitatea  from  the  solution  a  red  mass  soluble 
in  alkalis.  When  the  vapour  of  ordinary  nitric  add  (of  40^  Bm.)  is  made  to  act  slowly 
upon  orcin,  the  crystals  become  first  brown,  then  red,  and  are  converted  into  a  colour- 
ing matter  different  from  orcein.  This  red  product  is  soluble  in  water,  alcohol  and 
ether ;  dyes  silk  and  wool  red  without  the  aid  of  a  mordant ;  is  coloured  transiently 
red  by  ammonia,  permanently  by  fixed  alkaUs,  and  is  restored  to  its  original  light  red 
colour  by  the  action  of  adds.  Its  aqueous  solution  is  predpitated  bv  common-Mlt,  but 
the  colouring  matter  redissolves  in  water  after  the  salt  has  been  washed  out. 

3.  Ordn  heated  with  solution  of  acid  chromate  of  potassium,  yiekls  a  brown  sub- 
stance whose  deoompodtion  is  accelerated  by  addition  of  sulphuric  add. — i.  Solution  of 
chloride  of  lime  colours  ordn  deep  violet,  the  tint  gradually  changing  to  biown,  and 
ultimately  to  yellow. — 6.  The  aqueous  solution  of  orcin  mixed  wi£  caustic  potash  or 
soda,  quicklv  attracts  oxygen  and  acquires  a  red  or  brown  colour. — 6.  Dry  amtnania 
gas  is  absorbed  by  ordn  in  larse  quantity,  but  is  given  off  again  on  exposure  to  tha 
air.  When  ordn  is  placed  under  a  bell-jar,  together  with  a  basin  containing  agusous 
ammonia,  it  gradually  turns  dark  brown,  and  is  converted  into  orcein  (p.  211). 

C*H»0«  +  NH»  +  0«    -    CTa^NO*  +   2H»0. 

7.  The  precipitate  which  ordn  forms  with  ammonio^trate  of  sUver  is  reduced  by 
boiling^  with  formation  of  a  silver  speculum,  the  liquid  at  the  same  time  turning  red. — 
8.  IH-^hloride  of  gold  is  reduced  by  aqueous  ordn,  slowly  in  the  cold,  immediately 
when  heated,  a  danc  brown  powder  separating  at  the  same  time.    (Schunck.) 

9.  Ordn  heated  to  60° — 80°  with  strong  sulphuric  acid  is  putly  converted  into 
orcin-sulphuric  acid,  CW&O*.  On  diluting  the  resulting  black  liquid  with  water, 
saturating  with  carbonate  of  lead,  and  quickly  evaporating  over  the  watei>bath,  a  crys- 
talline mass  is  obtained  consisting  chiefly  of  unaltered  ordn ;  and  when  this  is  re- 
moved by  digestion  with  ether,  a  reddue  is  lefty  the  hot  aqueous  solution  of  which 
saturated  with  carbonate  of  1^  and  filtered,  dJeposits  after  a  few  hours,  brownish, 
nacreous,  rectangular  laminm,  consisting  of  bade  orcin-sulphate  of  lead,  C'HfPb''S''0*. 
Pb^H'O'.j^HK).  The  mother-liquor  of  these  crystals  yidds  a  second  salt  in  micro- 
scopic pnsms»  containing  2C'H«Pb"S>0".Pb"H''0*.6HK).  (Hesse,  Jahresb.  1861, 
p.  701.) 

8ubsiitution''derivatives  of  Orcin, 

Ordn  forms  substitution-derivatives  with  chlorine,  bromine,  and  iodine.  The  chlo- 
rinated and  brominated  compounds  are  obtained  by  the  direct  action  of  chlorine  and 
bromine  on  orcin,  the  iodine-compound  (C^H*I'0*)  by  the  action  of  trichloride  of  iodine: 
iodine  itself  does  not  act  upon  orcin. 

Bromordii.  CH^rO*.  (Lamparter,  Ann.  Ch.  Fharm.  cxxxiv.  258.) — Obtained 
by  adding  bromine-water  to  aqueous  ordn,  so  long  as  little  or  no  precipitate  is  thereby 
produced,  or  better,  by  mixing  the  two  liquids  in  quantities  containing  2  at.  bromine 
to  1  at.  ordn.  The  resulting  solution  yields  by  evaporation  hard  anhydrous  riiombic 
czystals  of  bromordn,  which  may  be  purified  by  recrystallisation  from  water. 

Bromorcin  is  moderately  soluble  in  hot,  less  soluble  in  cold  vxUer,  extremehr  sol- 
uble in  alcohol  and  ether.  Caustic  potash  dissolves  it  with  decomposition  and  brown 
coloration.  It  melts  at  135°,  begins  to  sublime  below  100°,  and  decomposes  at  higher 
temperatures.  When  mixed  with  b€uie  acetate  of  lead,  it  yields  a  white  predpitat<>, 
from  which  it  is  separated  in  its  original  state  by  sulphydric  add. 

Tribromoroiii.  0^^r*0*.  Bromorceid,  (Stenhouse,  PhiL  Trans.  1848,  p.  87. 
— ^Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  317. — Lamparter,  Ann.  Ch. 
Pharm.  cxxxiv.  257.) — This  com^und  is  formed,  together  with  a  brown  resin,  when 
bromine  in  excess  is  added  to  orcin  or  its  concentrate  aqueous  solution  (Stenhouse; 
Laurent  and  Gerhardt)]  but  by  adding  bromine-water  to  an  aqueou«solation  of  orcin 
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the  same  eompoond  Is  obtained,  vnoontainiiiated  with  redu,  aa  a  neadj  oolonileBa 
er^iJtaUuie  precipitate,  which  maj  be  ftirther  purified  by  recrystalliflation  from  weak 
spuit  (Lamparter).  It  is  also  piodoced  bj  the  action  of  bromine  on  ondlie  a^ 
(Heaae,  Ann.  Ch.  Pbazm.  ozvii.  297.) 

Tribiomorein  cryntalh'eew  in  fine  colonrieM  aill^  needlea  (Lamparter),  in  reddish* 
white  prisma  (Heiae).  It  melts  at  108^  (Lamparter) ;  at  98^  (Hesse).  It  is  iniol- 
nble  in  loater,  rery  soluble  in  alcohol  and  etier.  It  decomposes  at  high  tempeiatozei^ 
giving  off  hydrobromie  acid,  and  Welding  an  oily  distillate  which  solidifies  on  cooling, 
together  with  a  oopioos  residue  of  charcoftl.  Potash  poured  upon  tribromordn  colours 
it  deep  yiolet-brown,  and  on  diluting  with  water,  the  whole  dissolYes  with  brownish- 
red  colour.  Ammonia  does  not  pr^uce  this  coloration.  Acid^  destroy  the  colour  of 
the  potassic  volution. 

Iribromorcin  treated  with  bromine  yields  an  easily  fusible  resinous  mass  hsTing  an 
extremely  disagreeable  pungent  odour,  and  probably  identical  with  the  resinous  body 
obtained  by  Stenhouse^  and  by  Laurent  and  Gerhardt  in  the  preparation  of  tribro« 
mordn.  1  at  orcin  treated  with  4  at  bromine  also  yielda  a  black  resinous  mass. 
(Lamparter.) 

TrtOU«rMPOlB.  C^«a*0*.  Chlororcdd  (Sohunck,  Ann.  Ch.  Fhann.  liv.  271. 
^-Stenhouse,  Phil.  Transi  1648,  p.  88. — ^DeLnynes,  Ann.  Oh.  Pharm.  em.  84\-^ 
Btenhouse  and  Schunek,  by  treatinff  oroin  with  chlorine  gas,  obtained  a  crrstalline 
chlorinated  compound  oontaminated  with  a  dark  brown  resin,  somewhat  difficult  to 
separate ;  the  crystalline  product  was  not  analysed.  Be  Luynes,  by  treating  orcin  with 
hydrochlorie  acid  and  chlorate  of  potassium,  obtains  a  product  haTing  the  same  physical 
propeities,  uncontaminated  with  resin,  and  exhibiting  by  analysis  the  composition  of  tri- 
ehlororoin.  It  is  soluble  in  boiling  ynUer,  and  in  alcohol,  from  which  it  aystallises 
in  colouriess  needles ;  melts  at  about  159° ;  volatilises  partially  without  decomposition ; 
dissolves  in  alkalis  ;  does  not  precipitate  an  alcoholic  solution  of  silver-nitrate. 

TH-todorela.  CTH'PO*  (Stenhouse,  Chem.  Soc.  J.  zvii  827).— Ftodueed  by 
the  action  of  trichloride  of  iodine  on  aqueous  orcin.  The  trichloride  is  added  to  the 
dilute  aqueous  solution  in  quantity  not  quite  auffident  to  precipitate  the  whole  of  the 
ordn ;  the  brownish-yeUow  adhesive  mass  which  collects  at  the  bottom  is  washed  with 
water,  dried,  and  dissolved  in  sulphide  of  carbon ;  and  the  solution  is  filtered  to  separate 
a  dark  brown  resinous  substance ;  the  sreater  part  of  the  sulphide  of  carbon  is  then 
lemoved  by  distillatioin,  and  the  crystab  obtained  on  the  cooling  of  the  solution  are 
dnined  from  the  dark  mothe^•liquor,  vrsahed  with  a  small  quanti^  of  cold  sulpJiide 
of  carbon,  pressed  between  bibulous  paper,  and  twiee  rearystallised  fbom  boiling 
spirit 

Tri*iodorein  thus  obtained  crystallises  in  large  tzansparent,  brittle  plates,  tinged 
with  brown,  and  somewhat  resembling  chloride  of  barium.  They  are  resrv  soluble  in 
sulphide  of  carbon,  still  more  so  in  ether,  moderately  soluble  in  alcohol,  insoluble  in 
water.  Heated  to  100°  they  gradually  become  brown.  They  dissolve  in  caustic 
alkaUs,  deeomposiuA  however,  and  fbrminff  deep  brown  solutions.  Stzong  niiric  add 
decomposes  them,  uowly  in  the  oold,  rapidly  on  heating  with  evolution  of  nitrona 
fumes  and  iodine  vapour.  Sulphwie  acid  does  not  act  iqwn  them  in  tiie  cold,  but  on 
the  application  of  heat  the  crystals  char  and  give  off  vapour  of  iodine. 

Compounds  homolaffous  wiik  Ordm, 

B9t«p-orqta«  (TQ'K)*?  (Stenhouse,  PhiL  Mag.  [3]  zxxiii.  300;  Ann.  Ch.  Pharm. 
Ixviii  104). — This  compound  is  produced  from  usnic  aci^  by  the  action  of  heat  or  by  boiling 
with  caustic  alkalis  or  alkaline  earths.  Usnic  acid  submitted  to  dry  distillation  yields 
a  sublimate  together  with  an  empyreumatic  liquid  and  a  large  carbonaceous  residue. 
On  treating  t&  entire  distillate  with  vrater  and  evaporating  to  a  s^rrun,  the  residue 
deposits  after  some  days  brown  oystals  of  /8-orcin,  which  maybe  purified  by  treatment 
with  animal  charcoal,  and  repeated  crystallisation  from  weak  spini  The  treatment  of 
usnic  add  with  alkalis  is  a  less  advantageous  mode  of  preparation,  as  a  considen^ble 
portion  of  the  product  is  then  converted  into  resin. 

Beta-orcin  forms  shining  crystals  belonging  to  the  dimetric  eystem,  and  often  of 
considarable  size.      Observed  combination    ooP  .  P  .  4P  .  oP  .'  ooPoo  .  Poo .      Angle 

JP:oP  =  130O67';  P:oP  -  118°  27';  Poo  :  oP  -  120°31';  P:  ooP  »  166° 33'; 
P:  ooP  -  139°  8';  Poo  :  ooPoo  ^  148°  29'.  No  perceptible  deavaee  (Miller), 
t  is  moderately  soluble  in  oold  v>ater,  but  less  so  than  ordn,  easily  soluUe  in  boiling 
water,  also  in  alcohol  and  in  ether.  It  has  a  slightly  saccharine  taste,  and  is  neutral 
to  reagents.  It  sublimes  unaltered,  easily  takes  fire  and  bums  with  a  smoky 
flame. 

Dried  in  vacuo,  it  gave  by  analysis  68*84 — 69*20  per  cent  carbon,  and  7*22 — 7 '60 
hydrogen,  whence  St^ihouse  deduced  the  formula  C^'H**0*,  requiring  68*68  C,  7'22  H, 
and  24*10  O.    Gerhardt  {TraiU,  iii.  821)  proposed  the  formuk  C^H^'O*  (requiring 
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09'66  C,  7*14  H,  and  23*20  0\  acoorditig  to  which  the  oomponnd  Is  homologous  with 
otcin,  and  metamerie  with  anisic  alcohoL  Strecker  (Ann.  Ch.  Pharm.  Irnii.  114) 
had  preyiously  suggested  the  formula  2C"H"0*.8HH)  (requiring  687  C,  and  7-1  B\ 
according  to  which,  its  formation  from  nsnic  acid  (supposing  the  latter  to  he  G**H"0') 
would  be  represented  bj  the  equation :  C'^H^H)'  «  0^'H'H)'  +  2C0*. 

The  crystals  of  i8-orcin  do  not  lose  anything  in  a  vacuum  oyer  oil  of  vitriol ;  but 
when  heated  over  the  water-bath,  they  give  off  a  considerable  quantity  of  water.  They 
do  not  melt  at  109^ 

Beta-orcin  treated  with  ammonia  acquires  a  splendid  red  colour  in  a  few  minutes, 
the  efibet  taking  place  much  more  quickly  than  with  orcin.  With  ffdution  of  hydrate 
or  carbonate  of  fotauium^  it  forms  a  substance  of  a  fine  purple  colour.  Solution  of 
chloride  ofUme  colours  it  blood-red,  not  violet  like  orcin. 

The  alcoholic  solution  of  ^-oicin  does  not  precipitate  silver-nitrate^  either  pure  or 
mixed  with  ammmiia,  nor  the  salts  of  barium,  lead*  iron,  or  eo|^per.  It  does  not 
precipitate  neutral  acetate  of  lead,  but  with  the  bati4  acetate,  it  forms  a  copious 
precipitate  which  is  soluble  in  excess  of  the  leadHSwhition,  and  qnieUy  acquires  a  deep 
red  colour  on  exposure  to  the  air. 

2.  XaMirelB.  CHH)*  (Hlasiweti  and  Barth,  Ann«  Gh.  Phann.  oxxx.  354).~A 
compound,  isomeric  with  pyrocatechin  and  hydioquinone,  produced  by  the  action  of 
melting  potash  on  gjdbanum.  To  prepare  i^  the  resin,  need  by  alcohol  from  its 
gummy  constituents,  is  fused  with  ^  to  8  pts.  hydrate  of  potassium  till  the  mass 
becomes  homogeneous.  Water  is  then  added,  the  liquid  acidulated  with  sulphuric 
add,  and  filter^  when  cold;  the  filtrate  shaken  two  or  three  times  with  ether;  the 
etheoral  solution  distilled ;  and  the  residue,  after  beins  evaporated  to  a  certain  extent 
over  the  water-bath,  is  introduced  into  a  retort  and  oistilled  over  an  open  fire.  The 
first  portion  of  the  distillate  is  wateir  and  contains  volatile  acids ;  but  afterwards  an 
oily  Uquid  passes  over  which  soon  solidifies. in  radiating  crystals.  The  product  may 
be  freed  from  adhering  volatile  adds  by  dissolving  it  in  a  small  quantity  of  warm 
water,  supersaturating  with  baryta- wator,  and  again  agitating  with  ether.  On  remov- 
ing the  ether  by  distulation,  there  remains  a  svmpy  residue  which  soon  crystallises 
and  may  be  further  purified  by  redistillation.  The  treatment  with  baryta  may  be  dis- 
pensed with  by  repeatedly  distilling  with  the  thermometer,  and  collecting  only  those 
portions  which  pass  over  between  269^  and  272^. 

Besoiein  is  very  soluble  in  water,  alcohol,  and  ether,  insoluble  in  sulphide  of  carbon, 
and  in  chloroform.  It  errstallises  only  frx>m  very  concentrated  solutions,  in  tabula^ 
crystals  or  short  thidc  pnsms  belonging,  like  oroin,  to  the  trimetric  system.  When 
recently  prepared  it  is  quite  colourless,  but  acquires  a  faint  reddish  tint  by  keeping  or 
by  exposure  to  the  air.  It  melts  at  99^,  and  b^^ins  to  volatilise  at  a  slightly  himer 
temperature;  b<nls  at  271^,  and  distils  almost  without  residue;  bums  with  a  bneht 
flame.  It  has  a  neutral  reaction  and  a  strong  unpleasant,  sweet,  and  somewhat 
irritating  taste.  It  gives  hj  analysis  65' 1  and  66*5  per  cent,  carbon  and  6*7  hydrogen, 
the  formula  requiring  66*5  C  and  6'6  H.  Yapour-density,  obs.  s  4*1 ;  calc  «  8*8  (the 
residue  in  the  globe  was  dark  brown,  the  substance  having  been  partly  decomposed  by 
the  high  temperature  required). 

The  aqueous  solution  forms  with  ferric  chloride  a  dark  violet-coloured  liquid,  which 
on  addition  of  ammonia  deposits  ferric  oxide  and  becomes  colourless.  Chloride  of 
Hme  produces  a  violet  colour  not  very  permanent.  The  solution  mixed  with  ammonia 
and  exposed  to  the  air,  becomes  rose-red,  afterwards  darker,  and  ultimately  brownish. 
The  ammoniacal  solution,  eva^rated  at  a  gentle  heat^  dries  up  to  a  dark  blue  mass, 
which  redissolves  in  water  with  blue  colour,  and  is  reddenea  by  adds.  Besordn  re- 
duces nitrate  of  silver  at  the  boiling  heat,  on  addition  of  ammonia.  Heated  with  an 
alkaline  cupric  solution,  it  throws  (£>wn  cuprous  oxide. 

TVibromo-resorcin,  C^'Br'O',  is  precipitated  on  adding  bromine-water  to  an 
aqueous  solution  of  resorcin,  in  small,  bulky,  interlaced  needles,  sparingly  soluble 
in  cold  water,  more  easily  in  boiling  water,  also  in  alcohoL 

omsb&ar.  A  yeUow  colouring  matter  contained,  together  with  bixin  (i.  600^ 
in  annotto.  It  is  soluble  in  water  and  in  alcohol,  sli^tly  sdnble  in  ether,  and  dyes 
alumed  goods  yellow.    (ChevreuL) 

OmaOBX&ZV.  C^*0*.— A  substance  isomeric  with  bemsdo  add,  obtained:  1.  Bj 
treating  hydroohlorate  of  athamantin  with  boiling  water ;  sometimes,  however,  this 
process  yields  oreoselone  fSchnedermann  and  Winckler,  Ann.  Ch.  Pharm.  li. 
315). — 2.  By  the  action  ox  alcoholic  potash  on  peucedanin  (Wagner,  J.  pr.  Ohenu 
IxlL  275) : 

C»«H»K)»  +  KHO     -    C^«0«  +  C»H^O«. 

Peuocdanin.  Oraotella.        AngeUte  of 

fiouwiiiuai. 
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It  cTystaUiBes  in  fine  mXkj  needles,  aUghtlj  aolnble  in  oold  water,  Teiy  solnble  in 
alcohol  and  ether,  also  -with  yellow  colour  in  dilute  potash;  less  easily  in  ammonia,  the 
solution  yielding  a  yellow  precipitate  with  acetate  of  lead. 

OSaoSB&OWa.  Ci^Hi'O'.— This  body,  the  anhydride  of  oreoselin  (2G'H*0'  - 
HH)  »  G'^H^K)*),  is  produced  by  the  decomposition  of  athamantin  (8chnedermann 
and  Winckler,  loc.  eit.) : 

C"H»0'     -     C»*H»»0«  +  2C»H»H)« 
AtbanuntlD.  OrwMelooe.        Valerianic 

add. 

To  prepare  it,  hydrochloric  add  gas  is  passed  over  diy  athamantin  till  complete  lique- 
&ction  takes  place ;  the  mass  is  heated  to  expel  valerianic  add ;  and  the  amorphous 
porous  mass  obtained  on  cooling  is  purified  by  crystallisation  from  boiling  alcohol^  in 
which,  however,  it  is  but  slightly  soluble. 

Qreoselone  crystallises  in  nodules  or  cauliflower-like  masses  composed  of  fine  needles 
grouped  concentrically.  It  is  tasteless  and  inodorous,  insoluble  in  water;  alkalis  dis- 
solve it,  forming  red  solutions  from  which  adds  predpitate  it  slightly  modified.  It 
melts  at  100^  to  a  dear  liquid,  which  carbonises  at  a  higher  temperature. 

OfRUAMZC  AVA&TBIS.    See  Akalcts,  OfiOAmc  (i.  225). 

OSHAVIO  CHBMISTBT.  The  peculiar  character  of  the  chemical  compounds 
formed  in  the  bodies  of  plants  and  animals,  and  the  failure  of  the  earlier  attempts 
to  produce  them  by  artificial  means,  led  to  the  erroneous  idea  that  their  formation 
was  due  to  a  mysterious  power  called  "  vital  force,"  supposed  to  redde  in  the  living 
organism,  and  to  govern  idl  the  changes  and  processes  taking  place  within  it  In  ao- 
oordanoe  with  this  idea,  the  chemistry  of  organic  compounds,  induding  those  which 
were  formed  by  artificial  processes  from  the  products  of  vegetable  and  animal  life,  was 
erected  into  a  special  branch  of  chemical  sdence. 

Later  researches  have  however  shown  that  a  large  number  of  compounds,  formerly 
regarded  as  produdble  only  under  the  influence  of  the  so-called  vital  foroe^  may  \A 
formed  either  by  direct  combination  of  their  dements^  or  by  chemical  transformation 
of  inorganic  compounds. 

The  first  step  in  the  formation  of  organic  compounds  from  their  elements,  was  made  by 
W  o  h  1  e  r,  who  showed  in  1828  that  urea  can  be  produced  bv  molecular  transformation  of 
cyanate  of  ammonium.  This  experiment,  viewed  m  ooijunction  with  the  fact  subsequently 
established  byFownesinl841,  that  cyanc^en  can  be  formed  by  direct  combination  of  its 
dements  (ii.  198),  is  oondudve  of  the  posdbifity  of  forming  a  product  of  the  living  organism 
from  inorganic  materials.  At  the  time  of  Wohler's  diiMDOvery,  however,  e3ranogen  had 
not  been  obtained,  exceptinff  from  substances  originally  derived  from  the  vegetable  or 
animal  organism,  and  accormngl^  the  idea  of  the  peculiar  nature  of  orsanic  compoimds, 
as  essentially  products  of  life,  stdl  maintained  its  ground.  Even  in  the  first  yoiume  of 
Omelin's  Organic  Chemistry  (published  in  1848)  we  find  it  stated  that  ''the  bodies  of 
the  organic  kingdom  are  distinguished  from  those  of  the  inorganic  kingdom  by  their 
inherent  vital  force,"  although  in  the  course  of  the  same  volume,  several  instances  are 
mentioned  of  the  formation  of  organic  compounds  from  inoroanic  materials,  viz. : — 1.  The 
formation  of  cyanogen,  as  above  mentioned,  by  passing  mtrogen  gas  over  a  mixture  of 
charcoal  and  potassic  carbonate;  also  that  of  cyanide  of  ammonium  by  heating  a  mix- 
ture of  sal-ammoniac,  plumbago  and  lime  or  oxide  of  lead ; — 2.  The  formation  of  oily 
and  mould-like  compounds  by  the  action  of  adds  on  carburetted  iron ; — 3.  The  forma- 
tion of  the  add  CHCl'SO*  from  the  compound  Cd^SO*  (itself  produced  b^  the  action 
of  chlorine  and  water  on  sulphide  of  carbon,  L  776),  and  its  converdon  into  CH^SO* 
by  the  action  of  reducing  agents.— 4.  The  formation  of  tetrachloride  of  carbon,  CCl*, 
by  the  action  of  chlorine  on  disulphide  of  carbon ;  the  conversion  of  the  tetrachloride 
into  the  dichloride,  C*C1^,  by  passing  it  through  a  red-hot  tube ;  the  formation  of  tri- 
chloracetic acid  (i.  877)  from  the  last-mentioned  compound,  by  the  action  of  cUorine 
and  water  in  sunshine ;  and  the  converdon  of  the  trichloracetic  into  acetic  add,  by  the 
action  of  reducing  agents. — 6.  The  formation  of  sulphocyanate  of  ammonium  by  the 
action  of  ammonia  on  sulphide  of  carboa — 6.  The  formation  of  rhodisonic^  crooonic 
and  oxalic  acids,  together  with  mould-like  substances,  in  the  ordinary  process  of 
preparing  potassium.  Gmelin  observes,  however,  that  on  the  whole  it  appears  that  only 
the  lower  order  of  organic  compounds,  namely  those  which  contain  but  few  atoms  of 
carbon,  can  be  formed  artificially  frY>m  inorganic  materials,  excepting  perhaps  the 
mould-like  substances ;  and  he  further  expresses  a  doubt  whether  all  carbon  compounds, 
even  sulphide  of  carbon,  carbonic  oxide  and  carbonic  add,  ought  not  to  be  regaroed  as 
organic. 

The  question  of  the  formation  of  organic  compounds  frt>m  their  elements  has  however 
been  completely  set  at  rest  by  the  classic  researches  of  Berthelot,  who  showed  in 
1866  that  formate  of  potassium  is  produced  by  the  direct  union  of  carbonic  oxide 
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with  hydrate  of  potafldnm  (iii.  683),  and  sahseqnently  that  acetylene  may  he  Ibnned 
by  the  direct  oombination  of  carbon  with  hydrogen,  and  that  marsh-gaB,  ethylene,  and 
seyeral  of  its  homolognea  may  likewise  be  formed  from  inorgamc  materials  (see 
HTDBOCARBOifs,  ill.  188).  Thflse  hydrocarbons  may  be  oonyerted  into  alcohols,  e,  g, 
marsh-gas  into  methylic  alcohol  (iii  988X  and  ethylene  into  ethylic  alcohol  (L  72);  and 
from  the  alcohols,  by  well-known  processes,  a  large  number  of  other  compoands  may  be 
obtained,  namely  aldehydes,  adds,  acetones,  ethers,  amines,  orsano-metallic  bodies,  &e. 

Another  kind  of  chemical  transformation,  formerly  supposed  to  be  peculiarly  a  func- 
tion of  the  living  organism,  is  the  formation  of  componnds  containinp  a  greater  number 
of  carbon-atoms  from  others  containing  a  smaller  number.  In  the  earSer  days  of  organic 
chemistry,  indeed,  the  principal  agent  of  transformation  known  was  oxidation,  by  which 
an  organic  body  is  for  the  most  part  lowered  in  the  scale,  its  carbon  and  hydmeen 
being  gradually  burnt  away,  until  at  length  the  whole  is  resolTed  into  carbonic  anhydride 
and  water,  together  with  ammonia  if  nitrogen  is  also  present  The  possibility  of  effecting 
the  opposite  kind  of  transformation,  of  buuding  up  organic  compounds  from  others  lower 
in  the  scale — that  is  containing  a  smaller  number  of  atoms  of  carbon  or  hydrogen,  or  both — 
has  however  been  demonstrated  in  a  great  number  of  instances.  Thus  it  has  been  known 
for  some  years  that  naphthalene,  C**H*,  may  be  formed  by  passing  the  vapour  of  alcohol 
(Mr  ether,  or  thcvapours  eyolyed  by  the  dr^  distillation  of  bemsoate  of  calcium,  through  a 
red-hot  tube.  Other  instances  of  the  building  np  of  organic  compounds  fitm  others  of 
lower  order  are  the  production  of  potassic  oxalate  from  the  formate,  by  heating  with 
potash-lime  (2CH£:0*  «  C*K*0^  /f  H*) ;  the  formation  of  decatylene,  C>*H^,  and 
many  other  of  the  higher  defines  by  distilling  amylio  alcohol,  C*H'*0,  with  phosphoric 
anhydride  or  chloride  of  sine ;  the  conversion  of  urea  by  heat  into  cyanunc  acid ;  of 
sulphobenzene,  C^H**S,  by  dry  distillation  into  stilbene,  C**H*',  &c.  &c.  (see  OmeUn*9 
Handbook,  vii.  48).  Of  mr  greater  importance,  however,  than  these  isolated  instances 
of  the  accumulation  of  carbon-atoms  by  artificial  means,  are  the  general  methods  which 
have  been  discovered  of  building  up  the  terms  of  homologous  series— espedaUy  that 
discovered  byMendius,  namely  the  conversion  of  the  cyanide  of  an  alcohol-radicle 
into  the  amine  of  the  radicle  next  higher  in  the  series,  e.  g,  cyanide  of  hydrogen  into 
methyhunine^  cyanide  of  methyl  into  ethylamine,  &c  (see  Hokolooous  Substamcis, 
iu.  164). 

Since  then  the  simpler  organic  compounds  can  be  formed  from  inorgamc  materials^ 
and  from  these  a  Uu^e  number  of  the  more  complex  compounds  can  be  synthetically 
produced,  it  seems  not  improbable  that  all  the  proximate  principles  of  the  vegetable 
and  animal  oiganisms  will  ultimately  be  formed  m>m  their  elements  by  ardfidal  means. 
The  notion  of  organic  compounds  as  constituting  a  class  essentiMly  distinct  from 
inorganic  or  mineral  compounds  in  their  formation  and  constitution,  must  therefore  be 
abandoned.  Still  the  marked  peculiarities  of  character  by  which  bodies  of  vegetable 
and  animal  origin,  and  those  formed  from  them,  are  for  the  most  part  distinguish^  from 
those  of  purely  mineral  (nrigin,  especially  their  more  complex  constitution  and  ready 
deeomposibility,  as  exhibitMl  in  tneir  bdiavionr  when  heated,  and  by  the  phenomena 
of  fermentation  and  putrefoction,  have  led  to  various  attempts  to  define  cveanic  com- 
pounds in  a  more  satisfoetory  manner.  Thus  liebig  rormeriy  defined  Organic 
Chemistiy  as  the  "  Chemistry  of  Compound  Radicles.''  Such  a  definition,  however, 
cannot  be  maintained  at  the  present  day,  when  almost  every  class  of  salts^  of  mioeral 
as  well  as  of  organic  oriflin,  is  supposed  to  contain  a  compound  radicle,  e.g.  NO'  in  the 
nitrates,  SO'  in  the  suphates,  &c  Qmelin  in  his  "  Mandbook "  defines  oiganio 
chemistiy  as  the  "  Chemistry  of  carbon-compounds  containing  more  than  1  atom  of 
carbon"  (Csfil  This  definition  excludes  the  simple  carbon-compounds,  CO,  CO*,  OS*, 
which  are  usually  regarded  as  inorganic.  It  is  impossible,  however,  to  draw  any  pre- 
cise line  of  demarcation,  with  regard  to  properties  and  mode  of  formation,  between 
these  bodies  and  others,  such  as  acetylene  and  marsh-gas,  which  this  definition  would 
indnde  among  organic  compounds:  indeed  Gmelin  himself  as  already  observed, 
suggests  the  propriety  of  considering  all  compounds  containing  carbon  as  organic. 
Si^  is  in  foot  the  condusion  at  which  we  must  ultimatdy  arrive  respecting  the 
meaning  of  the  term  Oreanic  Chemistry,  namely  that  it  signifies  the  Cnemistry 
of  Carbon-compounds;  and  in  this  sense  it  is  used  by  Qerhazdt  in  his  DraiU  ae 
ChemU  organique,  and  by  Kekul^  in  his  Lehrbuch  der  OraarUschen  Chemie, 

The  study  of  the  chemicad  processes  which  take  place  m  the  bodies  of  living  plants 
and  animals,  and  of  the  composition  and  properties  of  the  complex  fiuids  and  oivans 
of  those  bodies,  is  the  province  of  Physiological  Chemistry,  a  branch  of  the 
science  which  bears  the  same  relation  to  organic  chemistipr,  or  the  chemistiy  of  carbon- 
compounds,  that  chemical  geology  bears  to  mineral  diemistry. 

OKOAVO-MSTA&&IO  BO9XB0.  This  term  is  applied  to  a  numerous  class 
of  compounds  in  which  an  organic  radicle  such  as  ethyl  is  dirtcUy  combined  with  a 
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metal*  and  senrM  to  dintingnmh  them  ftom  other  oiguiie  oompowids  eontatnniff 
metals,  hut  in  which  the  m^tal  ii  indirtctly  united  or  linked,  as  it  were,  to  the  metiS 
by  diatomic  ozy^n.  Although  organo-metallie  bodies,  constitated  according  to  this 
definition,  are,  with  one  exception,  the  creation  of  the  last  sixteen  yean,  yet  their 
derivatiTes  have  been  known  for  a  mneh  longer  period.  From  the  time  that  an 
organic  acid  was  first  united  with  a  metallic  baM,  these  organic  compounds  containii;^ 
metab  indirectly  united  date  thesr  existence.  It  is  trae  that  these  dsri'vitiTeB  haire 
not  been  regarded  from  this  point  of  Tiew;  but  a  little  consideration  will  serve  to  show 
that  they  stond  in  the  same  relation  to  organo-metalUe  bodies  in  the  strict  sense  of  the 
tcKm,  as  the  eldien»  alonhnls,  aod%  and  numerous  other  organic  fiunilies  occupy  with 
regard  to  the  aloohol*radicles  from  which  they  are  derived.  Thus  the  organo-metaUic 
compound  xino-ethyl  yields  by  ocddatian  ethylate  of  sine ; — 

^  }C«H»     •*■     ^  -        Zn  |oc«H» 

ZinoethTl.  Bthylate  of  iloe. 

a  body  which,  although  unknown  until  formed  by  this  reaction,  has  undoubted  and 
well-known  analogues  in  the  ethylates  of  potassium  and  sodium. 

By  suitable  processes  of  oxidation,  eih^ate  of  sine  may  be  oonyerted  into  acetate  of 
sine 

^  }0C»H»     +     O'        -        Zn  |0C«H»0     *     *^^- 

Ethylate  of  lioe.  AceUt*  of  sine. 

The  ethyl-compounds  of  potassium  and  sodium  also  pass  through  analogous  phases 
of  oxidation. 

Again  potassium-ethyl  and  sodium-ethyl,  under  the  infiuence  of  carbonic  add,  yield 
the  propionates  of  potassium  and  sodium : 

KC5«H»     +     CO*        -        KOCraH). 
FoiaHiiiin-«thy1.  Pro|rfouate  of  poCaMluBi. 

The  same  result  may  also  probably  be  reached  b^  two  distinct  stages,  vis.,  first  by 
the  conversion  of  potassium-ethyl  and  sodium-ethyl  into  the  ethylates  of  potassium  and 
sodium: 

KC«H»     +     0        «        KOCOT* 
Potaif  ium-  BthyUta  of 

and  secondly  by  the  action  of  carbonic  oxide  upon  these  bodies. 

KOC*H»     +    CO      -      KOCHK). 

Bthylat*  of  Proptooale  of 

pouniun.  poCaisiom. 

The  second  stage  of  this  conyersion  has  not  yet  been  experimentally  realised,  but 
Berthelot's  production  of  formate  of  potassium  from  earbonic  oadde  imd  hydrate  of 
potassium  exhibits  a  homologous  reaction. 

These  examples  serve  to  point  out  the  relataons  eristing  between  ozgano-metallic 
bodies  in  the  usual  acceptation  of  the  term,  and  that  fur  mora  numerous  class  of  deri* 
yatiyes  to  which  the  same  name  might  without  impropriety  be  applied ;  but  it  is 
scarcely  necessary  to  remark  that  the  preseut  article  will  be  confined  to  the  oonsider»- 
tion  of  oigano-metaUie  bodies  in  the  usual  and  more  restricted  sense  of  the  term. 

"PomMAuow  or  Obgamo-kbtaixic  Boddbb. 

Organo-metaJIic  bodies  can  be  produced  by  a  great  yariety  of  processes ;  but  these 
numerous  methods  of  formation,  with  yeiy  few  exceptions,  admit  of  beixiig  grouped 
under  four  heads. 

1.  Formation  by  union  of  the  Organic  Badicle  in  statu  nascenU  trith  the  metal,  or  by 
the  ooalesoenee  of  the  latter  toith  the  iodide  of  the  Organic  Badicle. 

By  this  method,  the  organic  radicle  is  almost  invariably  presented  to  the  metal  in  the 
form  of  iodide, — a  state  of  combination  surpassing  all  others  in  the  fiicility  with  which 
the  two  components  separate  under  the  influence  ot  chemioJ  affinity.  The  metal, 
made  to  present  as  large  a  surface  as  possible  by  granulation  or  otherwise,  is  placed 
in  contact  with  the  organic  iodide  and  heated  in  a  dose  yessel  of  adequate  strength  to 
resist  the  pressure  of  the  vapours  and  gases  generated. 

For  a  figure  and  description  of  the  apparatus  see  Bath  (L  621). 

In  some  cases  the  agen<^  of  light  may  be  adyantageously  employed  to  replace  that  of 
heat  as  in  the  formation  of  organo-tin  compounds,  vmilst  in  the  case  of  mercurial  com- 
pounds, solar  radiation  is  almost  essentially  necessary.  Where  light  is  employed,  the 
materials  are  enclosed  in  glass  vessels  which  are  then  exposed  either  to  diffiise  (uylight. 
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direct  muili^t^  op  to  ftlie  solar  tajb  ooneentrated  bj  a  parabolic  nAaetor*  In  the  latter 
cam  the  TesBel  may  be  vammaed  hj  water  or  by  a  solution  of  so^hate  of  copper  to 
absorb  the  calorific  zays. 

The  oiganic  oompomids  of  sine,  mdmhok,  magnesinm,  alumininm  and  glncinnm 
are  produced  by  the  thermal  process,  those  of  tin  maj  be  formed  either  by  the  thermal 
or  by  the  light  process,  whilst  the  organo-compouuds  of  merauy  can  only  be  generated 
in  tne  class  of  process  now  under  discussion  by  luminiferous  ageBi^;  The  thermal 
method  of  proceaure  is  well  illustrated  in  the  preparation  of  gineethyl 

The  reaction  which  occurs  on  heating  line  ana  iodide  of  ethyl  is  ufuaUy  expressed 
by  the  following  equation : 

Iodide  of  ethyl.  Zlnc-ethjl. 

The  actual  chemical  dianges  oceuirmg  in  the  formation  of  sincethyl  an,  however,  by 
DO  means  so  simple.  This  body  is  found  in  a  firee  state,  in  yery  small  quantity  only, 
amongst  the  products  of  the  reaction  of  sine  upon  iodide  of  ^yl,  but  there  exists 
amongBt  these  products  a  ciystalline  body  which  contains  sine,  ethyl,  and  iodine^  and 
may  be  regarded  as  formed  according  to  the  equation : 

C«H»I     +     Zn        -        Zn7C^»)L 
Iodide  of  Bthiodlde  of  sine 

ethyl. 

This  compound  is  decomposed  at  about  160^,  yielding  iodide  of  sino  and  sine- 
ethyl: 

2Zn7C«H»)I        •        Zn-(C«H»)«     +     ZnT. 
Bthlodide  of  siiie.  Ziocethyl. 

Contemporaneously  with  the  first  of  the  aboye  reactions^  there  occur  othen  in  which 
ethyl,  hydride  of  ethyl,  and  ethylene  are  produced.  The  separation  of  ethyl  in  this 
reaction  is  doubtless  due  to  the  direct  action  of  zinc  upon  iodide  of  ethyl : 

2(C«H*)I     +     Zn        -        (C?H»)«     +     ZnT 

Iodide  of  ethyl.  Ethyl 

whilst  the  tppeaianoe  of  the  seoondaiy  prodoets,  ethylene  and  hydride  of  ethyl,  zesults 
from  the  action  of  the  ethiodide  of  sino  upon  iodide  of  ethyl : 

Zn'CC^*)!     +     C*H»I         -        0»H»H     +     C*H«     +     Zn1«. 
Ethiodide  of  Iodide  of  Hydride  of        Ethylene, 

sine.  ethyl.  ethyl. 

Notwithstanding,  howeyer,  the  intermediate  formation  of  ethiodide  of  adno,  in  the 
manner  above  indicated,  the  final  result  of  the  reaction  is  correctly  e^ireiMcd  in  the 
first  of  the  above  equations. 

The  reactions  by  which  ethyl,  hydride  of  ethvl,  and  ethylene  are  produced  can  be 
almost  completely  avoided  by  the  admixture  of  an  equal  volume  of  anhydrous  ether 
with  the  iooide  of  ethyL    The  yield  of  sincethyl  is  thus  proportionately  incressed. 

ZhuMnethjfl  and  ttnc-^unyl  may  be  also  thus  producea,  but  they  are  obtained  in  a 
state  of  purity  with  extreme  difiiculty,  and  are  therefore  more  advantageously  prepared 
according  to  the  fourth  method  of  formation.  No  attempt  has  yet  beoi  made  to  form 
the  corresponding  compounds  of  the  remaining  aleohol-iadides. 

Organo-^xmfounda  of  Tin, — Although  these  bodies  can  be  obtained  by  other  pro- 
cesses, the  general  me&od  we  are  now  considering  is  doubtless  the  most  oonvement 
mode  of  producing  most  of  them.  Tin  is  capable  of  forming  three  distinct  elnsnes  of 
binaiy  inosganio  compounds  which  may  be  represented  by  the  foUowing  general  foi^- 
mulse: 

B 

B 

\R 

This  threefold  atomic  character  of  the  metal  renders  the  result  of  its  actios  upon  the 
iodides  of  the  aloobol-radides  considerably  less  simple  than  that  of  sine.  Without 
taking  into  account  compounds  to  which  a  still  more  complex  constitntion  has  been 
assigned,  the  existence  of  the  following  series  of  organo-metallio  bodies  containing  tan 
has  been  established :  * 

Itt  Series.  tadSerloi.  Srd  Series. 

8n' 


Sn'-jg  H«^1gj  ^'^•' 


\IX  2(8n^'j|:)  2(8n'-{|:) 

•  bi  these  fomuto  E-«-  rtpveseato  a  pesitive  organic  radicle,  end  R-  a  MfstiTe  radicle ;  ao  ns|atlf e 
organic  radtele  as  such,  has  yet  been  bitroduced  into  these  compounds. 
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IthflarlM.  5th  Serial.  6th  Series. 


{B,+ 


8n»'. 


Ri- 

Ri- 

R- 

IR- 


The  second  and  fourth  of  these  series  haye  not  yet  been  prodaoed  by  the  method  we 
are  now  considering.  ^^ 

FiBST  Suns.  Stanfumi  eihide  (.^"jChO  ^  pi^^u:^  ui  small  quantities  by 
the  action  of  heat  upon  a  mixtore  of  iodide  of  ethyl  and  tin : 

a(C?»H*)I     +     Sn«        -        8n''(C«H»)»     +     Sn"!*. 
lodtds  of  ethyl .  Staimoas  etblde. 

Stannotu  methide  is  doubtless  formed  under  similar  conditions. 
The  THDBD  Skbiss  of  stann-oiganic  compounds  is  fonned  l^  reactions,  of  which  the 
following  may  be  regarded  as  a  type : 

4(CH«)I    +    8n«        -        2[Sn'*(CH»)«I]     +     Snl« 
Iodide  of  DlmeUilodide 

metbjl.  of  tin. 

FiTTH  Sbmdsi.— -The  following  chemical  change  expresses  the  mode  of  formation  of 
compounds  belonging  to  this  series : 

8(CH«)I     +     8n«        -        Sn»'(CH«)"I    +     SnT. 
Iodide  of  Scennic  lodo- 

methjl.  trimethide. 

Sixth  Sbhiss. — ^The  most  abundant  poducts  of  the  action  of  tin  upon  the  iodides 
of  the  aloohol-radides  belong  to  this  series ;  indeed,  if  the  action  be  produced  by  light 
instead  of  heat^  they  are  formed  almost  to  the  complete  exdusion  of  the  others.  It  is 
necessary,  howeyer,  to  remark  that  the  materials  e^^sed  to  light  should  be  completely 
excluded  from  atmospheric  oxygen,  otherwise  the  liquid  assumes  an  orange  colour,  and 
the  action  is  so  efiectually  arrested  that  an  exposure  for  seyeral  months  to  sunlight, 
concentrated  by  a  parabolic  mirror,  will  scaroely  produce  any  appreciable  change. 
The  following  reaction  explains  the  formation  of  bodies  belonging  to  this  series : 

2(CH«)I    +    Sn     -     8n«'(CH*)«I«. 

Iodide  of  Sunnic 

methyl.  dimethiodlda. 

It  is  eyident  that  three  series  of  tin-compounds  are  still  wanting  to  complete  the 
category,  yiz.: 

kR—  * 

It  is  somewhat  remarkable  that  no  organo-tin  oompoonds  containing  only  one  equiya- 
lent  of  positive  radide,  haye  hitherto  been  produced.  The  inference  to  be  drawn  from 
this,  that  such  bodies  do  not  exists  must  be  checked  by  the  fact  that  no  special  attempts 
have  yet  been  made  to  form  them. 

Orffatuhcampotmda  of  Mercury. — ^The  reaction  of  mercunr  upon  the  iodides  of  the 
aloohol-radides  giyee  rise  to  two  series  of  oiganio  compounds,  the  general  formuhe  of 
which  may  thus  be  written : 

Itt  Series.  Sod  Series. 

^\li         •  Hg-ji: 

The  first  series  only  of  these  bodies  can  be  produced  by  the  ^eral  mode  of  forma- 
tion now  under  oonsideration ;  but  the  members  of  the  second  series  are  readily  obtained 
by  the  action  of  an  oigano-zinc  com^und  upon  those  of  the  first. 

For  the  production  of  the  first  series  of  these  bodies,  the  action  of  light  is  essential 
(except  in  the  case  of  mercuric  iodo-allide),  no  devation  of  temperature  being  capable 
of  produdng  the  chemical  change.  The  ifbllowing  equation  suffidently  exhibits  the 
nature  of  the  reaction : 

CSn    +    Hg     -     1EL^\CB})1. 

Iodide  of  Hercurlo 

methyl.  iodomethide. 

For  the  production  of  the  methyl-compound,  bright  sunlight  may  be  employed ;  but 
the  reaction  for  the  ethyl-body  must  be  cdhducted  in  difi^used  dayught  only,  otherwise 
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no  otgaxxHmetallie  oompoiind  will  be  produced,  the  ethyl  being  eUminated  ehiefly  em 
each,  but  partly,  oIbo,  as  hydride  of  ethyl  and  ethylene : 

2(C*H»)I    -f    Hg      -      HgT    +    <?H».C«H». 
Iodide  of  eCbfl.  fithyU 

2(0«H»)I    4-    Hg      -      HgT    +    C«H»J     +     CH*. 
lodidaor  HydrldAor  EtbTlenek 

ethyl.  othji. 

In  addition  to  these  bodies,  compounds  containing  arsenic  and  antimony  can  also  be 
produced  by  this  seneral  mode  of  formation ;  but  they  are  obtained  with  greater  facility 
by  the  second  meUiod,  which  will  now  be  described. 

2.  Formation  of  OrgantHmetaUie  bodie»  by  the  action  of  the  retoeeiive  Metals  aUo^ 
wUh  Potassium  or  Bodivan  upon  the  Iodides  of  the  AlcoMol-radicies. 

The  principles  inTolyed  in  this  second  general  mode  of  production  are  essentially  similar 
to  those  in  the  firsts  but  there  is  here  less  tendency  to  form  compounds  containing 
negatire  as  well  as  podtiye  radicles.  The  simultaneous  production  of  an  organo-pota»- 
sium  Of  sodium  compound  need  not  be  feared,  since  such  compounds  cannot  eodst  in  the 
presence  of  the  iodides  of  the  alcohol-radicles. 

This  mode  of  fonnation  will  be  sufficiently  illustrated  by  the  following  reactions : 


4(CH^ 
Iodide  of 
metbjL 

3(CH»)I 
Iodide  oC 
methyl. 

4(CH»)I 
Iodide  of 
nethjL 


8(CH»)I 

Iodide  or 

methyl. 

4{CH»)I 

Iodide  of 

methyL 


Arssni(H!ompounds. 

+    2(AB'^a«)    -    2(A8'"(CH»)«)    +    4NaI. 

Caeodyl. 


+     Aa'TTa*       «     As'"(CH«)» 

TrimeuyUrsine. 

+     AB-T^a*      -    As'(CH^«I 

Iodide  of  tetn- 
methyUnonlum. 

Antimon$f'€onyxntnds, 
+     Sb-TJa"       -    Sb7CH»)» 

TrimetbyUtlbliie. 

+     Sb'Tla*      -    Sb'(CH^«I 

Iodide  of  tetn. 
methylttibonium. 

Tin^compounds, 


3NaL 
8KaL 


8NaI. 
SNaL 


2(CH»)I     +      SnTJa*      « 
Iodide  of 
methyl. 

^CH»)I    +  2{Sn"^a«)    - 

methyl. 
4(CH^     +     Sn«'Na«      - 

Iodide  of 
methyl. 


Steonoiu- 
methlde. 

2[Sn'"(CH»y] 
Stann-tesqui' 
methide. 

8n»'(CH»)* 
Stennlc  methkle. 


2NaI. 
6NaI. 
4NaL 


Mercwy-oompounds. 

When  the  iodides  of  the  alcohol  radicles  are  placed  in  contact  with  sodium-amalgam, 
no  perceptible  action  takes  place  at  ordinary  temperatures,  even  after  prolonged  diges- 
tion, but  on  the  addition  of  a  few  drops  of  acetic  ether,  the  amalgam  is  immediately 
attacked  and  a  brisk  action  with  considerable  eleyation  of  temperature  attends  the  for- 
mation of  the  oisano-mercurial  compound.  The  function  of  the  acetic  ether  in  this 
xeaction  is  not  understood,  but  the  ether  is  found  in  undiminished  quantity  at  the  doee 
of  the  reaction.    The  foUowing  equation  illustrates  the  formation  of  these  compounds : 

I-     Na«Hg-      -     BsTiCEr^     +     2NaL 


2(CH»)I 
Iodide  or 
methyl. 


6{C«H»)I      + 
Iodide  of  ethyl. 


Hg^(CH»)* 

Mercuric 

methide. 


Lead-compound, 
2(Pb'TJa*)      - 


2[PblC«H»)^ 
Flumb-triethlde. 


6NaL 
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lodidaoftthyl. 


Bi'^a*      «      Br(C«H»)" 
Bis-trl«thida 


8NaL 


Oi^gano-teUnrimn  oomponndB  are  formed  by  a  modification  of  this  method,  which 
coDBistfl  in  diBtilling  tellnride  of  potaBsinm  with  ethjlsulphate  of  potaannm  and  its 
homologues : 

(CH« 


2(S"0«.CH«0.K0)        +       Te'lL*        -        ^«  )CH»         "*"        2(S'»0XK0)»). 
MeChjUalpfaataofpoCawliim.  Telldrfum-matbyL  Sulphate  of  poustlum. 

The  ethyl  and  amyl  componndB  are  prepared  by  homologonfl  reactions. 

8.  FormaHtm  of  Organo-metalUe  bodUi  bv  the  acUon  rf  the  Zitie-wmpoumda  of  the 
Organk  Badidee  v^pon  the  HciM  eom^fomuu  either  of  the  MeteUe  thameehee  or  qf  their 
Orgaauh-derivative^. 

For  the  produetion  of  organo-metaUio  bodies  containing  less  positiTe  metals  than 
zinc,  this  method  is  perhaps  not  only  the  most  convenient^  bat  also  capable  of  the  most 
genersl  application.  Compoonds  oontaining  mercnxy,  tin,  lead,  antimony,  snd  arsenic 
have  been  Urns  produced,  but  it  has  failed  when  implied  to  the  haloid  componnds  of 
copper,  silver,  and  platinum,  for  slthongh  these  bodies  are  violently  acted  npon,  the 
orraiie  gron^  does  not  unite  with  the  metaL 

The  foUowmg  reactions  illustrate  this  method  of  formation : — 


Zlao-mdthjh 

Zn-(CH^« 
Ztne-metbyl. 


Mereury-compounde, 
Hg^OT 

2Hg^CP 


-    Hg^(GH»)«   +   a'a*. 

ICercurle  methide. 


-       2Hff''(CH^Cl     +     Zn"a«. 
Mercuric  chloramatitld*. 


Meicarous  ethide  and  mercarous  methide  hare  not  yet  been  obtained  either  by  this 
or  any  other  process.  The  instability  of  mercurous  compounds,  as  seen  in  the  inor- 
ffsnic  oxide  and  iodide^  ib  brought  to  a  climax  in  oiganie  mercuxoos  compounds ;  the 
utter  are  instantly  transformed  into  metallic  mercury  and  the  more  stable  organo-mer- 
euric  compounds.  Thus,  when  sine-ethyl  acts  upon  mercurous  chloride^  the  following 
change  results : — 

Zn'CC'H?)*     +     2HgCl     -    Hg^'jc^I     +     Hg     +     Zn'OT. 
Zlnc-<Uiyl.  Mercuric  eChido. 


Tin-eompoimde, 


2Zn''(C*H»)« 
Zioc-«Uiyl. 

Zliic-etbyl. 

SZn-'CC'H*)' 
ZiDC-etbyL 

ZlDC-€thyl. 


+   an«^ci* 

SUnoic  chloride. 

+     Sn«^(C«H»)«I« 
Stannic  diathiodide. 

+     2Sn<^Gl« 


Sn»'a* 


8n"(C«H»)*        +     2Zn"a«. 
SCMinic  eUildak 

Sn»^(C«H»)*         +        ZnT. 

Staimic  ethide. 

2Sn»-(C*H«)»a    +     8Zn-a«. 
Chiorotnetbide  of  tin. 

Sn»'(C«H*)H:Jl«     +     Zn'XJl'. 
SUunic  dichloreCbida. 


Lead-Compound, 

The  following  is  the  only  reaction  which  has  hitherto  been  effected  by  the  method 
which  we  are  now  considering : — 


Zinc-ethil. 


2Pb''Cl" 


Pb»'(C»Bt»)« 
Plumbic  ethide. 


Pb 


2Zn''a«. 


Aniimony'Compounds, 


8Zn''(CH»)«     +     2Sb"'Cl»      •     2Sb'"(CH«)«     +     SZn'OT. 


ZInoHneth 


7 


Trimetbylitlbine. 


Areenic^ompounde, 


ZoTiCEPf     +     2Aa'^Cl*      -      2As"'(CH«)»     +     SZu^CT. 
Zlnc-meChyl.  Trimethylartlne. 
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^  foffMHon  of  Ofyano-metdUe  hodia  by  the  d^ 

metaUic  eampound  by  another  mtd  more  poniivt  Metai. 

ThM  fouth  mode  of  produeiiig  oisaiio-metallio  bodies  has  been  enooMefall j  applied 
to  the  ioiaaatkm  of  the  ocNDpoimda  of  aodinm,  potaadnm,  lithiom,  alnmiiuiim,  ana  zinc. 
In  the  caee  of  the  thiee  flnt-named  metals  the  reaction  ti^es  pkee  at  ordinazy  tempera- 
tuns,  liie  on^nal  body  operated  upon  being  an  oigano-sino  compound  which  also  enters 
the  composition  of  the  resulting  oigano-potaasiam,  sodium,  or  lithium  compound  as 
shown  in  the  following  reactions : — 

C«H» 


SZn"!^!    +    Na«      -    2^"  |c»H«    +     Zn. 

lC»H» 


|0»H»    ^    ^^»       -    ^Na 
Ztne^eChyl.  8odio-iiiBC-«diyl. 


Siiic-«thyl.  PMNtto-ilne-fltbyl. 

Sodium  also  displaces  meiemr  fbom  mercuric  ethide;  sodium-ethyl  is  probably 
formed,  but  the  exBd  nature  of  the  reaction  has  not  been  ascertained. 

The  organo-sinc  compounds  are  obtained  by  the  action  of  granulated  sine  upon  the 
corresponding  mercury  compounds  at  a  temperature  yazTingjbx>m  100^  to  180^  C.  The 
fiollowing  ezao^e  shows  the  nature  of  this  transformation. 


HTJ 


95!       *       2Zn         -         3!„-JC^ 


;^      +      2Zn        -        Zn-j^     ♦   Zn-H«r. 

Tne  nrst  mode  of  formation  abore  described,  cannoty  without  formidable  difficulties, 
be  applied  to  the  production  of  sine-methyl  and  zinc-amyl  in  a  state  of  purity,  but  by 
the  fourth  method,  now  under  consideration,  these  bodies  are  obtained  with  great 
focility ;  for  the  prepantion  of  sane-ethyl,  however,  the  first  method  is  the  most  adVan- 
tageoos. 

Pbofistibs  ov  Oboako-iotaujo  Bodobs. 

The  orgaao-metallic  compounds  as  a  diss  are  distingoished  by  the  aztraordinsiy 
enerj^  of  their  sfBnittea.  With  certain  exceptions,  presently  to  be  noticed,  their  dis- 
position to  unite  with  negatiye  elements  increasee  with  the  positiVe  character  of  the 
metal  and  with  the  snudlness  of  the  atomic  weight  of  the  alcohol-radicle.  Thus 
organo-potassium  and  sodium  compounds  possess  more  chemical  enengr  than  those  of 
zinc,  whilst  the  latter  are  more  active  thu  the  compounds  of  arsenic,  antimony,  tin, 
or  lead.  Again,  in  the  series  belonging  to  each  metal,  the  methylic  componnos  are 
more  energetic  than  the  ethvlic  ones,  whilst  the  last  greatly  surpass  the  amylio  com- 
pounds in  this  respect  But  whilst  these  general  principles  govem  the  chemical 
eneigy  of  organo-metallic  bodies,  their  effect  is  modified  by  me  degree  of  saturation  in 
which  the  metal  ezista  Although  this  circumstance  has  hitherto  received  only  partial 
efaicidation,  yet  we  have  evidence  of  its  eflEects  in  the  ease  of  ofgano-tin  compounds. 
Both  stannous  ethide  and  stannous  methide  combine  directly  with  atmoroheric  oxygen, 
and  the  union  takes  place  with  tolerable  rapidity ;  but  neither  stannic  ethide  nor  stannio 
methide  is  in  the  least  degree  acted  upon  by  firee  oxygen  at  ordinary  temperatures ; 
even  iodine  acts  upon  them  with  difficulty.  This  diminution  of  chemical  enersy  in 
organO'Stannie  compounds  cannot  be  ascribed  to  the  mere  infiuenee  of  the  additional 
weight  of  hydrocarbon  which  they  ccmtain,  since  stannous  amylide  readily  unites  with 
free  oxygen  at  ordinary  temperatures,  although  the  single  atom  of  amyl  which  it  con- 
tains  is  considerably  heavier  than  the  double  atom  of  eithe|r  methyl  or  elhyl  present 
in  the  oigano-stannic  compounds  just  cited. 

Organo-metaUic  compounds  in  a  state  of  partial  saturation  play  the  part  of  compound 
radicles.  They  are  monatomic,  diatomic,  triatomic,  or  tetratomic,  according  to  the 
number  of  atoms  requisite  to  complete  their  saturation.  On  the  other  hand,  organo- 
metallic  bodies  in  a  state  of  saturation  never  perform  radicle  functions :  they  never 
undergo  chemical  change  without  decomposition.  Thus  sine-ethyl,  stannic  ethide, 
mercuric  ethide,  and  jnumbic  ethide  all  give  snbstitution-piroducts  when  they  are 
obemicaUy  acted  upon. 

Botasman,  sodium,  and  lithium  aeries.* — ^These  bodies  have  not  yet  been  isolated ; 
they  are  known  only  in  combination  with  the  corresponding  zinc  or  mercury  compounds. 
The  double  compound  of  sodium-ethyl  and  zinc-ethyl  is  the  only  one  which  has 

hitherto  been  submitted  to  analysis.    Its  formula  is  v.  [  (^^)'* 
•  Wank lyn,  Proe.  Roy.  8oe.fv.  341.    FrankUnd,  ProeMdlnftorche  Boyal  Iiutltutkm,  toLIt. 
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This  oompoand  flnt  separates  ftom  its  solution  in  Einc-ethyl  as  a  transparent  fluid, 
which  after  some  time  sohdifies  to  a  mass  of  large  tabular  ciystals,  fosing  at  27^  G,  but 
when  once  fused  remaining  fluid  at  several  degrees  below  that  point  On  the  appli- 
cation of  a  moderate  heat  to  this  compound,  eases  are  evolyed,  and  a  mixture  of  sodium 
and  zinc  without  carbon  is  left  behind.  Sodio-zinc  ethyl  decomposes  water  with  great 
violence,  forming  hydride  of  ethyl,  and  the  hydrated  oxides  of  zinc  and  sodium.  The 
behaviour  with  negative  elements  has  not  yet  been  studied.  Its  most  interesting  reac- 
tion consists  in  the  absorption  of  carbonic  anhydride,  which  it  transforms  into  propionic 
acid.    The  sodium-ethyl  alone  takes  part  in  this  reaction :  * 

NaC«H»     +      C0»        -         ^^Nal^- 

Sodlum-ethjl.  PropionHte  of 

•odium. 

No  compound  of  any  of  these  bodies  with  a  negative  element  has  been  obtained. 
Their  action  upon  carbonic  anhydride  proves  that  they  possess  a  still  higher  reducing 
power  than  the  corresponding  organo-zinc  compounds,  and  they  will  therdore  doubtless 
prove  valuable  agents  for  the  substitution  of  positive  groups  for  negative  elements  in 
cases  where  oreano-zinc  compounds  fail  to  produce  the  desired  effect. 

Sodium-ethyl  decomposes  the  iodides  of  the  alcohol-radides  in  the  cold,  with  for- 
mation of  iodide  of  sodium.f 

NaC»H»     +     ^l        -        Nal      +     ^*|     +     CH*. 

Sodlnm-  lodldacH  Hydride  of         Ethylene, 

ethyl.  ethyU  ethyl. 

Owing  to  this  behaviour,  potassium  and  sodium  compounds  can  only  be  prepared  by 
method  No.  4. 
The  following  bodies  belonging  to  this  series  have  been  described : 

lithio-mercnric  methide        t'T  <  CSL" 

liithio-mereuric ethide  .        y.?  < C'H* 

•^    lC«H» 

Zn'  (^^" 
Lithio-zino  methide       .        t-'  <CH' 

^    (CH» 
lithio-zinc  ethide  .        .        f^,  -(O'H* 


Fotassio-zinc  methyl      .       xr*  -vCH" 

^    ICH* 

Potassio-Bne  ethyl .        .       ^  <  C*H« 


(C«H» 


SodUo-nne  methyl  . 


Sodio-sinc  ethyl 


Magnesium  seriea^l — ^The  compounds  containing  ethyl  and  methyl  only  have  hitherto 
been  examined,  and  the  former  alone  submitted  to  analysis.  These  bodies  possess  a 
dose  Bunilarity  to  organo-zinc  compounds.  They  are  vei^.  volatile  colourless  liquids, 
posseesinff  a  powerful  alliaceous  odour ;  are  spontaneously  inflammable,  and  decompose 
water  with  violence.  They  do  not  readily  decompose  the  iodides  of  the  alcohol-radicles, 
and  can  therefore  be  prepared  by  method  No.  1.  No  compound  of  these  bodies  with 
ne^tive  elements  has  yet  been  produced.  They  are  in  the  condition  of  chemical  satu- 
ration.   Further  details  of  their  properties  are  wanting. 

Alumimum  series. — ^Tl\,e  only  known  organo-compounds  of  this  series  are  aluminie 
methide,  A1'"(CH»)«,  and  alummic  ethide,  A1"'(C»H»)«.  They  are  prepared  by  heating 
m.eircanc  methide  or  ethide  with  excess  of  aluminium  clippings  in  sealed  tub^ :  e.^. 

8Hg"(CH»)«  +  Al«     -     2Ar\CK*y  +  Hg«. 

They  are  spontaneously,  inflammable  liquids,  which  decompose  water  with  explosive 
violence,  and  react  with  iodine  to  form  iodo-derivatives  and  iodide  of  methyl  or  ethyl. 
By  regulated  exposure  to  dry  air  they  take  up  oxygen,  forming  bodies  apparently 
analogous  to  boric  dioxy-methide  and  dioxethide  (Buck ton  and  Odline).  A 
compound  of  aluminie  ethide  with  iodide  of  ethyl  had  previoudy  been  obtamed  by 
Cahours  §  by  heating  aluminium  with  iodide  of  ethyl  (ii.  635).  Glucintm  appears  to 
act  with  iodide  of  ethyl  in  a  similar  manner. 

•  Wanklyn,  Cheni.  Soc.  Qu.  J.  xi.  IW.  f  FrankUnd,  Proc.  Roy.  Soc.  ix.345. 

X  CKboun,  Ann.  Ch.  Phyg.  Iviii.  17. 

\  Ibid,  [Xi  Iviii.  20— Buckton  and  Odling  (Proc.  Roy.  Snc.  xiv.  19). 
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ZofO  Sbbibs.* — Three  bodies  belonging  to  this  series  are  known,  viz. : 

Zino-methyl,  Zn"  j  ^gl        Zinc-ethyl,  Zn"  |  ^*        Zinc-amyl,  Zn"  j  ^^H- 

They  are  oolonrlessi  transparent,  mobile,  volatile,  and  odorons  liquids,  composed  of 
two  gaseous  Tolumee  of  the  hydro-carbon  radicle,  and  one  volume  of  sine-vapour,  the 
three  volimieB  condensed  to  two.  The  methyl-  and  ethyl-compounds  are  spontaneously 
inflammable^  burning  with  a  greenish-blue  flame :  zinc-amyl  is  spontaneously  inflam- 
mable in  pure  oxygen  only.  All  three  are  saturated  compounds,  incapable  of  direct 
combination.  In  contact  with  water,  they  are  instantly  decomposed,  with  formation  of 
hydrated  cndde  of  zinc  and  hydride  of  the  organic  radicle : 

Zn^CH")*  +  2HH)     -     Zn"H«0«  +   2(CH».H). 

ZInc-raethjrI.  Hydride  of 

methyl. 

Gradually  treated  with  dr^  oxygen  so  as  to  avoid  too  violent  action,  they  pass  through 
two  stages  of  oxidation,  illustrated  in  the  case  of  zinc-ethyl  by  the  following 
equationB : — 

^  JC«H»     +     O        -        Zn  joc«H. 
ZlDc-ethyl.  BihyUte  of  slnc-«lhyl. 

^  }OC«H»     +     O        -        Zn  |oc»H» 
Bthylftte  of  siAc-eChyl.  Bthylate  of  sine. 

The  action  of  iodine  a|)on  organo-zinc  compounds  differs  somewhat  firom  that  of  oxygen 
owing  to  the  monatomic  character  of  the  negative  element  It  consists  in  the  successive 
etununation  of  the  two  atoms  of  hydxocarbon-radide  and  their  substitution  by  iodine : 

ZInc-etbyl.  lodo-ethlde  iodide  of 

ofsina  ethyl. 

Zn"!^*     +     P         -       Zn^jJ      +     (?H»I. 
lodo-eChide  of  line  Iodide  of  sine.    Iodide  of  ethyl . 

Organo-zinc  compounds  behave  in  a  manner  exactly  analogous  in  contact  with  the 
other  halogens. 

Beactions  like  the  forcing  point  to  the  applicability  of  these  compounds  for 
eflfecting  tile  substitution  of  positive  groups  for  negative  elements  in  compound  bodies, 
an  application  which  has  not  failed  to  attract  the  notice  of  chemists.  In  addition  to 
the  reactions  of  this  class  ffiven  above  as  examples  of  the  formation  of  organo-metallia 
bodies  by  the  third  method  the  following  have  been  realised : 

WUh  Nitric  Oxide.f 
21TO.     +     Zn"jgH;         ,        2(1^0^)  jo. 
Kitric  oxide.         ZIno-methyL  Dinitro-methylate  of  sine. 

It  will  be  perceived  that  this  reaction  is  the  exact  analogue  of  the  one  already  men- 
tioned in  the  sodium  and  potassium  series,  where  carbonic  anhydride,  treated  with 
sodium-methyl  and  sodium-ethyl,  forms  acetic  and  propionic  acids.  In  finct^  dinitro- 
methylic  and  dinitro-ethylic  acids  may  be  regarded  as  the  analogues  of  acetic  and 
propionic  acids  reimectively ;  the  nitrogen  here  sustaining  a  diatomic  character,  and 
replacing  an  atom  of  carbon. 

With  8ulphvT<m$  Oxtde^ 


2^     .     Zn-)^        -        ^CH-gjo. 

Zinc-methyl.  Methyl-dithlonateofslno. 

^Zinc-ethyl.  EtbyLtrtthionate  of  sine. 

•  FrankUnd,  Cbem.  Soc.  Qn.  J.  H.  997.  and  iii.  44 ;  Phil.  Trans,  cxlll.  431,  and  cxiv.  SftS. 
Wanklyn,  Chem.  Soc.  Qu.  J.  xlii.  1S4.  Frankland  and  Duppa,  Chem.  Soc.  Qu.  J.  [9]  voL 
il. ».  Rieth  and  Bellstein,  Ann.  Cb.  Fharm.  cxxiii.  945.  Batlerow,  Ball.  Soc  Ghim.  Aug.  ISGl, 
p.  118. 

t  Frankland,  Phil.  Trans.  1857,  p.  09.  X  Hobson,  Cbem.  Soc.  Qu.  J.  x.  455  and  S3. 

Vol.  IV.  a 


c«. 
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With  TneUoride  of  Phaapkorua* 

2F"C1»     +     8[Zn''{CBPy]         -        2F"(CH")»     +     SZn'O* 
Zino-methyl.  TrimatbjlphoipnliM. 

2fta«     +    8[Zn''((?H»)T        -        2F*(0«H»)«     +     SZn'^l*. 
Zioe-etbyL  TrlathjlpbotpUiie. 

There  is  no  apparent  obetade  to  this  reaction  being  poahed  to  its  extreme  limit  in 
tiie  case  of  pentatomic  bodies  snch  as  phoephoms,  arsenic,  or  antimony.  Mr.  Buckton 
has  attempted  this  in  tibe  ease  of  antimony ;  but  although  evidence  of  the  exist- 
ence of  a  pentethide  of  antimony  was  obtained,  the  body  could  not  be  isolated  nor  its 
composition  satisfiustorily  fixed.  The  great  stability  of  the  triatomic  compounds  of 
these  bodies  will  probably  present  considerable  difficulty  in  the  wa^  of  obtaining  pen- 
tatomic compounCu  of  an  odusiTely  positive  character,  such  bodies  being  doubtless 
easily  resolved  into  the  more  staUe  groupings  represented  in  the  following  equation : 

8b'(Cra»)»        -        Sb'"(C«H»)»     +     Cra»C«H» 
▲ntimoule  ethld*  TriatbybtibliM.  Ethyl. 

With  Boric  EOker,^ 

Boric  ether.  ZteeHaetbyL  Boric  methide.      Btbylate  of  ilnc-meChyl. 

With  Oxalie  EtAer.t 

"Whem  oxalic  ether  is  heated  with  sino-ethyl  and  water  is  afterwards  added,  leaeio 
ether  is  poduced  acconling  to  the  following  equation : 

/O  f(C«H»)« 

Oxalic  ether.  Stno-ethyU  Lendcetber.  Alcohol. 

With  TOraehioride  of  Saioon, 

Si«'a*     +     2[Zn''(C•H•)^         -        Si«'(C«H»)*     +     2Zn-Ca». 
Zinc-ethyl.  SUidii]n.^hyI. 

Whilst^  on  the  one  hand,  organo-sino-compounds  are  thus  capable  of  effecting  the 
substitution  of  their  positive  organic  groups  for  negative  elements,  they  can,  on  the 
other  hand,  in  certain  cases  replace  hvdrogen  by  zinc,  forming,  for  instance,  with  am- 
monia and  its  homologues,  a  series  of  zinc-amides.  In  this  direction  the  following 
reactions  amongst  others  have  been  recorded :  { 

Zn''(C«H»)«     +     2N''B»     =     fif«Zn'T[«       +       2(C«H».H) 
Zino-etbyl.  AmmoDia.  Zincuaide.  Hydride  of  eCbyL 

Zn''(C«H»)«     +     2[N-'(C5«H»)Hn     -       #(C^»)«ZnTEl«     +     2(C"H».H) 
Zlno-ethyl.  Aniline.  Zinq»henyUiiiide.  Hydride  of  ethyl. 

Zn(0*H»)«     +     l!^(0«d*)H*     a     l!II^C«H»)*Zn'^      +      2((?H».H) 
Zlnc-eCbyl.  Oxemlde.  Zbwoximide.  Hydride  of  ethyl.' 

By  losing  one  atom  of  aloohol-radide  the  oigano-aiiie-oompoands  become  monatomio 
compound-radicles,  forming  compounds  idiich  have  been  but  little  examined.  The 
following  however  have  been  described :  I 

Dinitromethylate  of  zino-methyl       .        .  ZnCH'[^* 

Dinitroethylate  of  zinc-ethyl     ....    ^^^^[o. 

Cadiouic  Sbbiss.^ — Only  one  member  of  this  series  is  known,  and  thatveiy  imper- 
fectly.   Its  properties  appear  however  to  be  analogous  to  those  of  the  zinc-compounds. 

Tdt  Sbbibs.^^ — ^A  large  number  of  organo-metallic  bodies  containing  tin  have  been 
described.  The  following  will  suffice  as  exampleB  of  the  several  dasses  of  these  com- 
pounds : 

•  HofmennandCahonrt,  Phil.  TraDC.1857,p.  678.    f  Pranklapd,  Phil.  Tranti  1669,  p^  167. 
{Fraokland,Proc.  Roy. Soc. zii. p.  W>.  i  FrankUnd,  Proc.  Roy.  8oc.  rill.  p. 902. 

IF r« n k  1  an d.  Phil.  Trani.  1867.  p. 09.  t  W a n k  I y n,  Chem.  See.  Qa  J.  Ix.  198. 

•  Frankland,  Phil.  Trans.  kSSi,  p.  417, and  1889,  p.  401.  Cahouri  and  Rlche,  Compt.  rend. 
utkF.91,  and  xxxvi.  1001.  LSwlg,  Ann.  Ch.  Pbarm.  IxxxIt.  808.  A.  Orlmm,  Ann.  Ch.  Pbarm. 
xctl.888.  Buckton.  Phil.  Tnma.l6r  1869,  p.  488.  Cahoart,  Ann.  Ch.  Phya.  IvIlL  88.  Strecke, 
Ann.  Ch.  Pbarm.  cxxiil.  868. 
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a,  Stamunu  Comp<nind$, 
StaanaoB  methide,  or  Stanmethyl    .  Sn''(CH')'. 

b,  Triatomie  Oom^pauiuU, 
TEunethide  of  tin     .    .     [3ii'*(CH>)*]'    |    lodo-dimethide  of  tin  .    [Sn'*(CH>)«I]. 

e,  Stannie  Compounds. 

Stannifi  methide 8n*^(CH*)« 

Stannic  iodo-trimothide    ....        Sn'^CCH*)'! 
Stannic  iodo-dimethido    ....        Sn*^(CH')*I*. 

It  IB  seazoelj  neoeaaaiy  to  olMerve  tliat  the  iodine  in  the  abore  oomponnds  admits  of 
leplaoement  by  any  salt-forming  radides  and  also  by  ozrgen  or  solphnr. 

iStonmnw  compounds  are  oily  liquids  soluble  in  alcohol  and  ether,  but  insoluble  in 
water,  and  possess  a  pungent  odour.  They  cannot  be  distilled  without  decomposition, 
beinff  resolred  into  stannic  compounds  and  metallic  tin.  They  are  in  a  state  of 
partial  chemical  saturation  only,  and  therefore  perform  the  part  of  radicles,  oombin- 
mg  directly  with  chlorine,  oxygen,  &&,  and  forming  well-marked  bodies  of  great 
stability. 

Stannous  compounds  are  diatomic,  and  unite  directly  with  free  ozysen,  chlorine,  Ac, 

to  produce  bodies  of  the  stannic  form.    Thus  stannous  ethide  forms  wiui  oxygen,  stannic 

OExidiethide : 

Sn'CCra*)"  +  O     -    Sn^'CCH'W" 
Stannoof  etbid*.  SUnnio  oxldiethlda. 

Stannous  compounds  have  nerer  Tet  been  observed  to  play  a  monatomic  part  No 
triatomic  compound  has  been  directly  formed  from  a  stannous  body ;  the  latter,  under 
the  influence  of  iodine^  oxygen,  &c,  seems  to  pass  at  once  into  the  stannic  form. 

TriaUnme  oom^ounds  of  the  fonn  (Sn*^*  -i- )'  have  hitherto  been  Texy  little  examined. 
They  are  oily  hquids,  uniting  directly  with  neoatiTe  radides,  forming  an  extensive 
series  of  compounds  belonging  to  the  stannic  dass,  a  considerable  number  of  which 
have  been  studied.  The  folkwing  examples  will  serve  to  show  the  mode  in  which 
triatomic  compounds  of  this  form  pass  into  bodies  of  the  stannic  class  : 

rSn'"(C«H»y]«  +  P     -     2Sn«'(C^»)»I. 
TrUathlfto  of  da.  Stannic  iodotrlatblde. 

Sn''(C*H»)^  +    P     -     Sn^fCm*)*?  +  C»H»L 
Stannic  lodotrt-  StannU:  lodidfl  of 

•thide.  flChida.  ethyl. 

No  reduction  of  a  triatomic  compound  to  a  stannous  compound  has  yet  been  effected, 
although  it  can  scared^  be  doubtea  that  an  aqueous  solution  of  diethiodide  of  tin,  for 
instance^  if  treated  with  nnc,  would  yield  stannous  ethide.  On  the  other  hand, 
stannic  ethide  or  methide  in  contact  with  iodine  is  transformed  into  a  triatomic  com- 
pound, Tisp,  diethiodide  of  tin : 

2Sn«'((?H»WCH«)«  +  P     -     2Sn»'(C«H»)«I   +  4CH»L 
Stannic  atbyhMilmetblde.    \  Dlnatblodida        Iodid«of 

of  tin.  methyl. 

Triatomic  compounds  of  the  form  (  Sn^V  A  +  j  'are  very  little  known.    In  fact  the 

diethiodide  of  tin,  the  production  of  which  from  stannic  ethylodimethide  has  just  been 
mentioned,  is  the  only  one  known  with  certainty.  It  is  a  colourless  mobile  liquid, 
boiling  with  partial  decomTOsition  at  208^,  and  possessing  a  most  insupportable 
odour,  resembling  essential  (nl  of  mustard.  HeatecL  with  excess  of  iodine,  it  is  trans- 
formed into  stannic  iododiethide : 

[Sn*"(Cra»)«I]*  +  P    -     2Sn«^(0"H»VP. 
I>iethlodideofttiB.  Stunlc  lododlethida.  . 

BUBMds  compounds  of  the  form  Sn**B*  -i-  are  colourless  mobile  liquids,  possessing 
a  slight  ethereal  odour.  They  are  Tolatile  without  decomposition,  and  are  yezy  stable. 
Being  in  the  condition  of  chemical  saturation,  they  are  incapable  of  direct  combination. 
No  body  can  act  upon  them  without  expNcUing  one  or  more  atoms  of  positive  radide. 
Thus,  when  heated  with  hydrochloric  add,  stannic  ethide  yields  stannic  dblorotriethide 
and  hydride  of  ethyl : 

Sn«»((?H7  +  Ha     -     Sn»'(C«H»)«Cl  +  C^».H. 
Stannic  flthidt.  Stannic  chlorotri-       Hydride 

ethide.  oTethyl. 

•  2 
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-n  _  commonly  called  compounds  of  sesqui- 

stannethyl,  have  been  comparatiTely  well  stndied.  The  oxides  are,  in  the  anhydions 
condition,  -volatile,  limpid,  oily  liqiuds  which  readily  unite  with  water,  forming  crys- 
talline hydrates  which  have  a  powerful  alkaline  reaction,  and  neutralise  the  strongest 
adds,  forming  an  extensiye  series  of  salts.  These  salts  ai«  almost  all  soluble  in  water, 
readily  crystallisable,  and  of  a  yezy  pungent  odour. 

-na^  haye  also  been  yeiy  completely  inyes- 

tigated.  The  oxides  are  white  amorphous  powders,  insoluble  in  water,  alcohol,  and 
etner.  They  dissolve  in  hydrochloric,  hyiuiodic,  and  hydzobromic  acids,  forming 
colourless  and  inodorous  salts,  which  crvstallise  in  fine  prisms.  Most  of  the  oxysalLs 
can  also  be  obtained  in  the  crystalline  form,  either  from  aqueous  or  alcoholic  solutions. 
Stannic  compounds  of  this  form  are  readily  reduced  to  stannous  compounds ;  thus, 
when  a  piece  of  zinc  is  plunged  into  a  solution  of  stannic  chlorodiethide,  stannous 
ethide  is  produced : 

8n«'(C«H»)KJl«  +  Zn"     -     Sn^CCH*)'  +   Zn"Cl«. 
Stannic  chlorodl*  Stannoua  «thide. 

ethide. 

BxBicnTH  Sebdes.* — ^These  bodies  have  as  yet  been  but  very  imperfectly  investigated. 
Bismuthous  triethide  is  a  colourless  or  slightly  yellow  mobile  liquid,  having  an  un- 
pleasant odour  like  that  of  stibethine.  Exposed  to  the  air,  it  gives  off  dense  yellow 
nimes,  inflames  spontaneously,  and  finally  explodes.  It  is  very  unstable,  begins  to  de- 
compose at  60°  or  60°  C,  and  explodes  violently  when  heated  to  160°  C,  a  temperature 
still  below  its  boiling  point.  No  direct  compound  of  this  body  has  yet  been  obtained  : 
it  behaves  like  a  chemically  saturated  substance,  and  when  slowly  oxidised  in  contact 
with  water,  yields  alcohol  and  hydrated  oxide  of  bismuth. 

When  an  alcoholic  solution  of  mercuric  chloride  is  added  to  an  alcoholic  solution 
of  bismuthous  ethide,  mercuric  ethochloride  crystallises  out,  whilst  bismuthous  dicblor- 
ethide  remains  in  solution : 

Bi'"(C«H»)»  +  2Hg''Cl*     -     Bi'"(C"H»)Cl»  +   2Hff''(C«H»)CL 
BUmuthoui  Btimuthmu  Mercuric 

ethide.  dicblorethide.  chloretblda. 

From  the  bismuthous  dicblorethide,  the  diiodide  and  dioxyethide  are  prepared  by 
double  decomposition,  whilst  the  simultaneous  action  of  sulphoretted  hvdrogen,  water, 
bismuthous  ethide,  and  atmospheric  oxygen  is  said  to  produce  the  double  compound  of 
bismuthous  sulphide  and  bismuthic  sulphotriethide. 

Lbad  SEBixs.t — ^Plumbic  ethide,  Pb*^(C*H*)*,  and  its  derivatives  only  are  known  in 
this  series. 

Plumbic  ethide  is  a  colourless  limpid  fiuid,  soluble  in  ether,  but  insoluble  in  water, 

and  possessing  a  fiaint  odour.    It  is  not  acted  upon  by  oxygen  at  ordinary  temperatures, 

but  chlorine,  bromine,  and  iodine  act  violently  upon  it.    Plumbic  ethide  belongs  to  the 

class  of  saturated  bodies,  and  is  consequently  incapable  of  forming  componnds.    When 

it  is  treated  with  hydrochloric  add,  nydride  of  ethyl  separates  and  plumbic  chloro- 

triethide  is  formed : 

Pb«'(C«H»)«     +     HCl      «      Pb»'(C«H»)»Cl     +     C«H»H. 
Plumbic  ethiaa.  tumble  chloro-  Hydride  of 

triethide.  ethyl. 

From  plumbic  chloro-triethide  the  sulphate  and  other  salts  can  be  prepared  by 
double  decomposition.  These  salts  may  also  be  obtained  still  more  readily  fi»m  the 
oxide,  which  is  a  crystalline.  Volatile,  pungent  body,  possessing  a  powerfol  alkaline  re- 
aistion,  and  attracting  carbonic  acid  &om  the  air. 

Hbbcubio  Ssbies.} — This  series  is  confined  to  bodies  of  the  mercuric  type,  no 
organo-mercurous  compound  having  been  yet  produced.  The  following  are  examples 
of  bodies  belonging  to  this  series :  

Mercuric  methiodide %"}   t 

Mercuric  ethonitrate ^S^iN^ 

Mercuric  amylide ^S^InsH" 

*  Breed,  Ann.  Ch.  Phann.  Ixxxli.  106;  Dtinhaitpt,  Ann.  Ch.  Pharm.  xcil.  371. 

t  Lfiw  I  g,  Ann.  Ch.  Pharm.  Ixxxvili.  ai8|  Buck  ton,  Phil.  Tram.  18A9,p.  417. 

t  Frankland,  Phil.  Trana.  i8B^«P.  4:<6,  and  Phil.  Trant.  I8A9,  p.  409  :  DOnhaupt,  Ann.  Ch. 
Pharm.  xciL  371  ;  Strecker,  Ann.  Ch.  Pharm.  xcii.  57  ;  Buck  t  on,  Phil.  Trans.  IB58,  p.  161,  and 
18fi9,pL417.    Franklandand  Duppa,  lourn.  of  Cbem.  Socxvi.  p.  416. 
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Mercuric  methide,  mercuric  ethide  and  merniric  amylide  are  oolouieefl,  etlieMal, 
Tolatile  liquids,  insoluble  in  water,  but  soluble  in  alcohol  and  ether,  and  possessing  great 
stability.  They  are  in  a  state  of  maximum  saturation,  and  cannot  therofore  unite  with 
any  other  body  without  the  displacement  of  an  equivalent  of  positiye  radicle.  Thus 
with  bromine,  mercuric  ethide  gives  bromide  of  ethyl  and  mercuric  ethylobromide : 

Hg^C'H*)'    +    Br«      -      Hff''(C«H»)Br     +     C«H»Br. 

Mercuric  ethide.  Mercarlc  Bromide  of 

•thylotoomide.  etiijl. 

Mercuric  methide  possesses  the  highest  specific  gravity  of  any  known  non-metallic 
iK^uid  (3*069).  Flint^lass  consequently  floats  upon  its  sur&ce.  Brought  into  contact 
with  mercuric  iodide^  mercuric  methide,  mercuric  ethide  and  mercuric  amylide  are 
converted  respectively  into  mercuric  methiodide,  mercuric  ethiodide  and  mercuric 
amy liodide : 

H«^'(CH»)*    +    Hg"!"     »      2[Hg''(CH»)r|. 

Merenric  Mercuric 

methide.  methiodide. 

The  reaction  with  mercuric  chloride  is  exactlv  analogous.  The  hydrates  of  mercuric 
meihozide  and  mercuric  ethoxide  are  caustic  alkaline  bases,  capable  of  expelling  am- 
monia from  its  salts,  and  behaving  in  a  manner  similar  to  the  corresponding  monatomic 
compounds  of  tin  and  lead.  The  remaining  mercury-compounds,  which  may  be  con- 
sidered as  derivatives  of  these  two  bodies,  are  represented  in  the  above  list  bv  the 
iodides  and  nitrates :  they  generally  crystaUise  very  readily,  and,  with  the  exception  of 
the  haloid  compounds,  are  soluble  in  water.  The  behaviour  of  mercuric  methide, 
ethide  and  amylide  in  contact  with  rinc  has  already  been  described  as  the  banLs  of  a 
method  for  procuring  the  sine-compounds  of  the  respective  hydrocarbon  radicles.  When 
the  iodide,  bromide,  or  chloride  of  an  organo-mercurial  body  is  treated  with  an  organo- 
zinc  compound,  the  negative  element  becomes  replaced  by  the  alcohol-radicle  of  the 
zinc-compound ;  thus»  when  mercuric  methiodide  is  treated  with  anc-methyl,  mercuric 
methide  is  produced.  And  it  is  believed  that  by  acting  upon  mercuric  eQiochloride 
with  zinc-methyl,  mercuric  ethylomethide  is  formed : 

2[Hg''(C»H»)a]     +     Za\CEPy      -      2rHg"(C«H»XCH»)]     +     Zn"a«, 
Mercuric  etbocbloride.  ZlDC-melbyl.  Mbrcurie  ethylomeihide. 

but  this  body  has  not  yet  been  obtained  in  a  state  of  purity;  distillation  gradually  re- 
solves it  into  mercuric  methide  and  mercuric  ethide : 

2rHg''(C»H»)(CH»)]       -       Hg-(CH«)«     +     Bg''{Cm*y, 
Mercurtc  ethylomethide.  Mercuric  Mercuric  ethide. 

methide. 

AinncoNT  Sbbibs.*— This  important  series  of  organo-metallic  bodies  contains  a 
greater  number  and  variety  of  compounds  than  any  other,  with  the  exception  of  the 
arsenic  series.  The  remarkable  polyatomic  character  of  antimony  and  arsenic  not  only 
renders  the  possible  number  of  their  organo-componnds  very  large,  but  the  variations  in 
the  proportions  of  the  positive  and  negative  molecules  gives  an  extremely  wide  range  to 
their  chemical  character,  extending,  as  it  does,  from  highly  caustic  bases  on  the  one 
hand  to  powerful  bibasic  acids  on  the  other.  The  following  are  the  principal  compounds 
belonging  to  this  series : 

Trimethylstibine Sb'"(CH«)». 

Antimonic  Trimethoxide 8b^(CH«)«0. 

Iodide  of  tetramethylstibonium  or  antimonic  tetramethiodide  Sb^^CH*)*!. 

Hydrate  of  tetramethylstibonium  or  antimonic  tetramethylhydrate  Sb*(  CH')*(HO  ). 

Antimonic  Trimethoeulphate 8b'(CH»)^807'. 

Antimonic  Triamyhiitrate Sb'(CH»)«(NO^. 

It  is  remarkable  that  we  have  as  yet  no  dedsive  evidence  in  this  series,  of  the  ex- 
istence of  a  compound  corresponding  to  cacodyL  It  is  true  that  such  a  bod^  has  been 
described  under  the  name  of  8tU)hiamylf  but  subsequent  experiments  have  fiuled  to  con- 
firm its  existence.  Amongst  organo-antimony  compounds,  therefore,  the  most  simple 
form  is  Sb*^'  -»- .  Bodies  of  tms  form  are  the  analogues  of  ammonia,  and  need  not 
be  here  further  noticed.     The  pentatomic  oigano-antimonial  compounds  of  the  form 

Sb^  j-n  _are  also  t|ie  true  analogues  of  ammonium-compounds. 

R*— 
When  two  atoms  of  B—  are  replaced  bj  diatomic  oxygen,  these  compounds  constitute 

•  Lowig,  Ann.  Ch.  Pbarm.  Ixxt.  315,  837;  Landolt,  ffttf.  Ixxrlil.  91 ;  Buckton,  Chem.  Soc. 
Qu.  J.xlil.  lis  ;  Hermann.  ibU,  xU  316. 
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what  mxy  be  termed  biacid  antimonT  bases.    They  axe  formed  either  bj  the  direct 
union  of  the  Btibaminei  Sb*^' •!•  witn  oxygen: 

8b'"|B+     +0  -        Sb^Jo'* 

or  as  hydratee  by  the  deoomposition  of  the  oaExeeponding  haloid  compoonds  by  means 
of  potash:  thns-^ 

sb'l^,"*'   +    2b:ho    -    sb'l^^j,  -h  2Ka 

The  stibaminee,  although  in  other  respects  the  peifeet  analognee  of  the  nitramines 
here  eTidentiy  adhibit  a  much  more  highly  positiye  character,  nniting  with  oxygen  so 
energetically  as  to  be  spontaneoiuly  inflammable  in  the  lower  portion  of  the  series. 

The  biadd  antimony  bases  are  colourless,  transparent,  amoiphons,  and  viscons 
bodies ;  the  ethyl  base  is  easily  solnble  in  water  and  alcohol,  but  somewhat  less  soluble 
in  ether.  They  possess  a  bitter  taste,  are  non-Tolatile,  and  do  not  sni&r  any  change 
when  exposed  to  the  air.    Treated  with  potaasiom  they  are  reduced  to  stibamines : 

SbJK^v,      +     2K        -        Sb"*|B+     +     2KH0. 

Fuming  nitrie  acid  decomposes  the  biadd  bases  with  i^tion ;  but  when  they  are 
treated  with  dilute  nitrie  or  other  add,  the  respectlTe  Uacid  salts  are  produced.  The 
oanrsalts  are  soluble  in  water  or  alcohol;  most  of  them  crysUdlise  without  much  diffi- 
culty, as  do  also  the  antimonie  biniodides ;  but  antimonic  triethobromide  and  trietho- 
chloride  are  liquids  not  volatile  without  deoomposition,  insoluble  in  water,  but  solnble 
in  alcohol  and  ether. 

The  existence  of  antimonie  triethoxiodide  has  been  proved  by  Streoker.  It  had 
preriously  been  regarded  by  Merck  as  a  protoiodide  of  stibethine  (Sb(G*H*)1). 

AusxHio  Sbbos.* — This  series  is  perhaps  the  most  important  and  intereetinff 
amongst orsano-metalHc bodies;  itoontuns  the  first  discoyered  oigano-metal,  cacodyl, 
the  daasical  investigation  of  which  by  Bun  sen  not  only  imparts  a  completeness  to 
our  knowledge  of  this  series,  but  has  ii&brded  the  due  to  the  suceessftil  interpretation 
of  many  phenomena  met  witii  in  other  analogous  familifs.  It  wUl  be  oonTenient  to  divide 
its  very  numerous  members  into  three  groups. 

A.  Organo-arsenical  oompounda  of  the  type  r^sjB^ 

B.  Organo-arsenical  compounds  of  the  type  Afi'"B'. 

C.  Oigano-arsenical  compounds  of  the  type  Ab^B*. 

All  arsenical  compounds  permit  of  being  airanged  under  these  three  types.  The 
following  are  a  few  of  the  pnndpal  bodies  already  investigated : 

A.  Oxgano-arsenical  compounds  of  the  type  l!s*|ns 

Gacodyl As«(CH»)* 

Ethylic  cacodyl .  .        As«(C*H»)«. 

B.  Oigano-arsenical  compounds  of  the  type  As^B*. 
Chloride  of  cacodyl    .        .        .        As'*(CH')Kl 


Chloride  of  caooplatyl        . 
Anenious  oxymethide 
Araenious  dichloromethide 
l^smethylarsine 


As'"(CH«XCPt'^)Cl 
As'"(CH»)0' 


G.  Organo-arsenical  compounds  of  the  type  ArB*. 
This  group  may  be  conveniently  divided  into  four  familiA^  or  sub-types,  viz. : 

a.  Bodies  of  the  form  As*  I  ^«j|[  and  their  derivatives: 

Monomethyl-arsenic  add    ....        Afl'(CH')0'*(HO)« 
Arsenic  oxydichlormethide .        .        ...        As'(CH«)0''Cl» 
Arsenic  tetrachlormethide  ....        As*(CH*)Cl\ 

«  Cadet  (ITSOV  Mtei.  de  Mitb.  eC  Phjrs.  ds  BnmtM  ftrmg.  Iff.  6»;  ThCiiBrd,  Ann.  Ch.  Uf.  M, 
Bunien,  Am.  Ch.  Pharm.  zxiT.  27;  XE?fl.  Ij  xlif.  14  ;  xfvf.  1;  Frank  land,  Ch.  Soc.  Qu.  J.  It. 
999;  CahourteCRIche,  Compt.  rand.  xzzTl.  1001;  Landolt,  Ann.  Cli.  Pharm.lzufx.SOl  :  Hof- 
maun,  Chem.  Soc.  Qu.  J.  xf.  S16.    B  a ej r,  Aon.  Ch.  Pharm.  crll.  957  ;  cr.  166. 
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6.  BodiMofthefomAB^jll^,  and  tUr  deriTatiTes : 

Caoodyljc  add AB^(CH»yO''(H0) 

Teiehloride  of  caeodyl        .        ;        .       .    As*(CH')«01'. 

^J^f  And  their  deriTatiTM : 

Anenic  triethoxide    ;        .        .        .        .    A8VC*H«)*0" 
Anenietrietibomilphato      ....    Aa^iCB^yiSO*)" 
Anenic  tzifiihochloridfi      ....    Ag'lc^^yCl*. 

d.  Bodies  of  the  ibnii  Aa*  j]^*^ 

Hydnted  oxide  of  tetramethylanoniiini  or  arsenic 

tetramethydnte Ab^(CH*)XHO) 

Iodide  of  tetramethylarBoninm  or  arsenic  tetrameth- 

iodide Aa'(CH»)«L 

Kitzate  of  dimethyl-diethylarsonium  or   arsenic 

dimethyl-diethylnitrate Ab'(CH«)«(C^H»)XNO»). 

The  Qigano-azsenical  oosaponnds  belonging  to  the  type  As'j^i  contain  only  posi- 

tiye  radicles.  They  are  yoUtile  poisonoos  liquids,  insoluble  in  water,  but  yety  soluble 
in  alcohol  and  ether,  and  possess  an  insupportable  odour.  The  lower  members  of  the 
funily  are  spontaneously  inflammable^  whilst  the  higher  ones  also  rapidly  oxidise  in  air. 
They  unite  with  negatiye  elements  with  great  eneigy,  manifesting  in  their  combinations 
either  a  monatomic  or  a  triatomic  character,  and  producing  bodies  either  of  the  form 

As'"  y^"^    or  As""!^!^.    Thus  eaoodyl  fonnfl  with  chlorine^  chlorida  of  caoodyl 

and  trichloride  of  caoodyl : 

^i(^     +     UP      -     2[A.-(CH«)Ka]. 

Caeodjrl.  Chloride  of  cacodyl. 

^If^f     +     W      -    2[AB»(CH•)K31^. 
Caoodyl.  Trichlorido  of  eaoodjL 

Heated  to  400^,  cacodyl  splits  up  into  metallic  arsenic,  hydride  of  methyl,  and  olefiant 

As«(CH«y      -       As*     +     2(CH».H)     +     CPH*. 
Cacodyl.  Hydriaoofmotnyl.       BthylenoL 

Bodies  of  this  type  can  be  regenerated  by  reducing  agents  firom  many  of  their  mon- 
atomic compounds ;  thus  dUoride  of  caoodyl  and  metalhc  zinc  giye  cacodyl  and  chloride 
of  one:  

2A,-j(«^)*     +     Za      -      A..[;C^    +    Zn'Cl.. 

Oigano-arsenical  compounds  of  the  type  As*^*  are  of  three  forms,  yia. : 
(1)    A8'Tl»+  (2)    ATJl";!^  (3)    As-^JIj^ 

Those  belonging  to  the  first  are  termed  arHnes,  and  are  the  analogues  of  ammonia; 
but,  like  the  ooiresponding  antimony  compounds,  in  additi(m  to  their  alkaloid  function, 
they  haye  the  power  of  combining  with  two  negatiye  atoms,  forming  bodies  of  the 

sub-type  As^)^,^.    Thus  trieth^anine  combines  with  o^gen  to  form  arsenic  oxy- 

triethide.  The  lower  members  of  the  type  possess  this  property  to  such  an  extent  as 
to  render  them  spontaneously  inflammable  m  the  air. 

Compounds  belonging  to  the  second  of  the  aboye  forms  are  produced  by  the  direct 
combination  of  the  cacodyls  with  negative  elements.  When  the  negatiye  element  is 
oxygen,  tiie  diatomic  character  of  the  latter  doubles  the  ^pe,  which  then  becomes 

A8*)R'  +  .     The  oxides  are  bases  of  comparatiyely  feeble  power,  slowly  combining 

with  water  and  two  additional  atoms  of  oxygen,  to  form  adds.  Thus  oxide  of 
cacodyl,  by  exposure  to  air  and  moisture,  slowly  passes  into  cacodylic  add: 

a7xCH«)*0"     +     0«     +     HK)      -      2As'(CH")K)''(aH). 
Oxide  of  cacodyl.  CacodyUc  aeid. 

The  chlorine,  bromine,  and  iodine  compounds  of  the  form  we  are  now  considering 
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are  ToUtile  neutral  bodies,  which  may  be  regarded  as  the  haloid  aahi  of  eaoodyl 
Heated  in  contact  with  platinic  chloride,  the  carodyl  presentB  an  interesting  reaction 
two  atoms  of  hydrogen  in  the  chloride  of  cacodyf  become  replaced  by  a  diatonic 
molecole  of  pUdnnm,  producing  chloride  of  caooplatyL 

(CH»  fCH» 

CH«    +     Ft'CL*        -        Aar|CPt"H     +     2HCL 
ca  t  ca 

Chloride  of  cacodyl.  Chloride  of  ocoptotyl. 

Caooplatyl  forms  a  series  of  oomponnds  analoftoos  to  those  of  oaoodyl. 

The  only  compounds  of  the  thud  form  yet  Known  bebmg  to  Uie  methylie  group. 
Arsenious  ozymethide  is  a  cirstalline  body  of  a  neutral  character,  soluble  in  water, 
alcohol  and  ether,  unchanged  oy  exposure  to  air,  but  transfozmed  by  distillation  with 
hydrate  of  potassium  into  arsenious  acid  and  oxide  of  oaoodyl : 

AnoDiout  oXTmethlde. 

Hydrochloric  add  conrerts  it  into  arsenious  diehlonnethide : — 

As*"  r^,     +     2HC1      -      As-|    CI     +     gjo*. 

ArMDioof  ozymethide.  ArNniooi  dlehl  ormethlda 

Hydrobromic  and  hydriodic  adds  produce  a  perfectly  analogous  change^  whilst  sul- 
phuretted hydrosen  transforms  it  into  anenious  sulphomethide. 

The  chlorine,  bromine,  and  iodine  compounds  are  neutral  bodies  of  considerable  sta- 
bility; the  two  former  are  liquid,  the  latter  solid  and  crystalline.    By  the  action  of 

Oigano-arsenieal  compounds  haye  been  more  thoroughly  investigated  in  the  direction 
of  the  l^pe  As^B*  than  in  any  other ;  consequently  we  And  these  bodies  rather  nu- 

-n  _  which  latter  bodies  are 
the  strict  analogues  of  the  compoxmds  of  ammoniuuL 
The  Sub'type  ^''Iw^  ^^a*  J^  ^^7  ^^^^  explored  in  the  methylie  group.     The 

oxygen  compound  constitutes  anhydrous  monomethyl-arsenic  add,  a  direct  deriyatiTe 
from  anenious  oxymethide  : 

As-'(CH»)0''     +      A^K)"     -     As'(CH^(5«     +     2Ag. 
ArwDlout  ozymethide.  MooomethyUrMnic  add. 

This  add  is  dibanc^  forming  stable  and  well-deflned  crystaUisaUe  salts,  the  formultt 
of  which  are  represented  by  the  general  expresdon :  As^(CH')0''(MO)'. 

The  chlorine  compound  is  exce^jnglv  unliable ;  it  may  howeyer  be  formed  at  — 19^  C, 
but  is  transformed  at  0^  G.  into  arsenious  chloride  and  chloride  of  methyl: 

As'(CHnCl«       -       As'^a*     +     CH»C3. 
Anenic  tetrecblormethide.  Chloride  of  methyl. 

Arsenic  oi^dichlormethide  is  a  somewhat  more  stable  body  formed  by  the  direct 
union  of  chlorine  with  arsenious  oxymethide. 

As"'(OH«)0      +     CP      -      A«'(CJH«)0'*a«. 
Arteoloiu  ozymethide.  Anenic  ozydldilormethlde. 

Neyertheless,  eyen  this  compound  readily  decomposes,  with  eyolution  of  chloride  of 
methyL 

Sub-tppe  As^j^fl^  ^0  oxygen-compounds  are  feeble  monobadc  adds  of  which 
cacodylic  acid  may  be  regarded  as  the  representatiye.    They  are  deriyed  from  the 

(R*  + 
bodies  jisH  B'  +  by  direct  oxidation,  as  already  described.    Cacodylic  add  is  remariL- 

lo 

able  for  its  stability;  ndther  fuming  nitric  add  nor  a  mixture  of  sulphuric  and 
chromic  adds  attadt  it,  eyen  at  the  boiling  pointy  and  it  may  be  heated  to  200^  with- 
out alteration.  Although  it  is  soluble  in  water  and  contains  upwards  of  54  per  cent 
of  arsenic,  yet  it  is  not  in  the  least  poisonous.    Seyeral  agents  reduce  cacodyhc  add  to 


ORGANO-METALLIC  BODIES.  288 

the  arsenions  or  even  to  the  diatomic  form.    Thiu  phoBphoruB  acid  tnuufbrnia  it  into 
cacodyl: 


2As^ 


'^°'  roH  ,^  (^ 

OH 

lOH 


^*     +      8F"|0H       »        ^Aa-^Iot     +     2^^     +      '^ 


OH  _ 

CModjlieadd.  Caoodyl.                                         Pbotphoric  add. 

Zinc  alao  produoM  the  same  xwalt  Hydriodie  add  gas  ooiiTerts  caoodyKe  add  into 
anenionB  dimethiodide : 


1 


O"        +      SHI      -      Aj-'j(^)*    +     P     +     2HK). 


OH 


The  add  eharacter  of  thk  body  is  so  slightly  mazked  as  to  render  it  capable  of 
filming  eompoands  in  which  it  appears  to  plsj  the  part  of  a  base.  Thns  with  hydro- 
fluoric, hydroehlorio  and  hydrobromio  adds,  it  forms  the  following  compounds : 

f(CH»)»  f(CH»)«  f(CH»)« 

As'J(HO)«.  Afl'J(HO)»     and    As'UHO)* 

(     F  (a  (Br 

Sulphocaoodylic  add  has  not  yet  been  isolated,  but  its  salts  present  the  same  rela- 
tions to  those  of  caoodylic  add,  as  salts  of  snlphur-adds  generally  bear  to  those  of  oxy- 
adds.    Their  formnk  is,  As*(CH')«S"(MS). 

The  Sub-type  As^  JT>a  _  has  hitherto  been  xeiy  little  explored,  bnt  so  far  as  it  is 

known,  its  members  bear  so  close  a  resemblance  to  their  analogues  in  the  antimony- 
series,  as  to  require  no  farther  notice. 

Tmllubium.  Sbbixs.* — The  dose  relations  of  tellxurinm  tosnlphnr  and  selenium  pluce 
the  bodies  of  this  series  in  the  same  position  with  regard  to  the  sulphides  and  selenides 
of  the  aloohol-radides  as  the  antimony  and  arsenic  series  stand  in  relation  to  the  cor- 
reroonding  compounds  of  phosphorus  and  nitrogen. 

The  fipUowing  are  some  of  the  chief  bodies  belonging  to  this  series: 

Tellurium-methyl  ....  Te(CH^« 

Tellurous  dimethoxide    ....  Te(CH«)»0'' 

TeUuious  diethiodide       ....  Te(C*H»)«P 

Tellurous  diethosulphate         .        .        .  Te(CR')\SO*y. 

The  compounds  of  the  alcohol-radicles  with  tellurium  are  volatile  liquids  of  most 
unbearable  odour.  They  oxidise  readily  in  contact^  with  air,  forming  the  respectiye 
oxides.     Tellurium-amyl  has  not  yet  been  obtained  in  a  state  of  purity. 

The  oxides  of  these  bodies  are  poweiftd  bases,  expelling  ammonia  from  its  salts,  and 
attracting  carbonic  add  from  the  air.  They  form  salts  of  considerable  stability,  which, 
as  well  as  the  oxides  themselres,  yield  the  original  oigano-tellurium  compounds  when 
treated  with  sulphurous  add : 

T.f  O^-y    .    S^jfoH^    .    T."(C^.).     .     S^jg^j. 

Tdluroiu  Sulphurous  Tellurinm  Sniphurio 

diethoxld*  acid.  ethyl.  acid. 

Cofutitution  of  OrgaruMnetaUio  Bodies, 

Oigano-metallic  bodies  may  be.  regarded  as  constiiicted  upon  the  types  of  the  in- 
organic chlorides,  sulphides^  oxides,  £c,  of  ttte  respectiye  metals  which  ihey  contain, 
the  chlorine,  oxygen,  sulphur,  &c.,  being  replaced  in  equivalent  proportion  and  fre- 
quently step  by  step  by  the  aloohol-radidea. 

A  reference  to  the  formuln  of  oisano-potassium,  sodium,  and  lithium  com^unds 
when  disentangled  from  that  of  the  zino-compound  with  which  they  have  hitherto 
remained  insepanri^ly  associated,  shows  that  they  are  formed  upon  the  monatomie 
type  of  the  protoclilorides,  &c,  of  these  metals,  MCI. 

The  zinc,  cadmium,  and  mercury  compounds  are  all  fonned  upon  the  diatomic  type^ 
represented  by  the  chloride  of  zinc,  Zn  01* 

In  like  manner  orffano-alumininm  compounds  are  formed  upon  the  type  of  the  tri- 
chloride of  that  met^,  Al'^01*. 

Organo-tin  compounds  are  represented  by  the  three  chlorides  of  tin :  Sn'd*,  Sn'^Gl', 
Sn»^a«. 

•  W&hlar,  Ann.  Ch.  Pharm    zxx?.  US, Ixxxif  69;  Mallet,  <M.  luix    »8|  WShlar  and 
Deaii,i6«.xclii.833L 
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The  oompcmnds  of  the  bismuth-BerieB  are  represented  bj  the  trichloride  of  bismath 

and  by  biBmiithie  add :  BPd'  and  Bi*  j  /qhvi 

Oigano-lead  compounds  aze  arranged  under  the  type  of  peroxide  of  lead :  Pb**  |  q» 

The  arBenie  and  anHmony  series  have  for  their  tjpes  the  following  inoiganie 
oompoonds: 

Ai«||!  As-Ca*  ^^|oH  '^'"^*  ®*^^*- 

The  inorganic  models  ibr  the  tellnrinm  series  are  chloride  of  tellnriom  and  tellnroDs 
acid :  TeTl*  and  Te»'0«. 

Occasionally  an  abnormal  compound  has  made  its  appearance,  soch  as  ethostibilic 
acid,  8h\Cm*yO*  or  iodide  of  triethylstibine,  Sb{CErfJ ;  but  ftirther  researeh  has 
invariably  demonstrated  the  inoonectness  of  such  formnlA  and  the  conformity  of  the 
bodies  with  the  normal  inoiganie  types.  Indeed  this  law  may  now  be  regarded  as 
completely  established  so  as  to  be  applicable  to  the  control  of  the  formnlaB  of  new 
oijrano-metallic  bodies. 

From  the  |)oint  of  riew  thus  afibrded,  it  is  interesting  to  watch  the  effect  of  the 
substitution  in  metallic  compounds,  of  basvlous  or  positive  for  chlorous  or  negative 
radicles.  Such  a  substitution  aSbrds  stEudng  evidence  of  the  dependence  of  the 
chemical  character  of  a  compound  u{)on  that  of  each  individual  constituent.  The 
highly  polyatomic  metals,  such  as  arsenic  and  antimony,  exhibit  this  dependence  in  the 
most  oonclusiye  manner.  Thus  tribasic  arsenic  add,  by  the  substitution  of  methyl  for 
hidf  an  atom  of  oxygen,  vields  the  dibasic  monomethyl-arsenic  add,  a  well-defined  acid 
ai  considerable  eneigy,  though  inferior  in  chlorous  power  to  arsenic  add.  The.like  sub- 
stitution of  a  whole  equivalent  of  oxygen  by  methyl  reduces  the  chlorous  diameter  of 
the  body  to  the  comparatively  feeble  condition  in  which  we  find  it  in  caeodylic  add, 
which  is  incapable  of  forming  an  ammonia-salt  A  nmilar  substitution  for  the  third 
time,  overpowers  the  add  attribute  of  the  compound  altogether,  and  we  now  have  a 
feeble  biadd  base,  the  arsenic  oxytrimethide,  wnidi  again,  by  the  exchange  of  oxygen 
for  a  fourth  atom  of  methvl,  is  transformed  into  the  oxide  of  tetrameth^aisonium,  a 
base  of  such  energy  as  to  oe  comparable  with  the  canstio  alkalis  themselves. 

The  behaviour  of  the  oigano-metallic  bodies  teaches  a  doctrine  which  affects 
chemical  compounds  in  general,  and  which  may  be  called  the  doctrine  of  atomic  satu- 
ration. Eacn  element  is  capable  of  combining  with  a  certain  limited  number  of  atoms ; 
and  this  number  can  never  be  exceeded,  although  the  energy  of  its  affinities  may  have 
been  increased  b^  combination  up  to  this  point.  Thus  einc  appears  to  attain  its  atomic 
saturation  by  uniting  with  two  atoms  of  another  body ;  in  other  words  it  is  diatomic; 
consequently  the  sine  compounds  of  the  alcohol-radicles,  notwithstanding  their  intense 
affinities,  are  incapable  of  direct  union  with  other  bodies.  The  action  of  chlorous 
elements  upon  them  is  one  of  substitution,  not  of  combination.  Polyatomic  metals  ex- 
hibit the  same  phenomenon.  An  atom  of  tin  cannot  combine  with  more  than  four 
atoms,  an  atom  df  arsenic  or  antimony  with  more  than  five  atoms  of  other  bodies ;  but 
in  the  combination  of  polyatomic  metals,  we  frequently  notice  between  the  lowest  and 
the  highest  compound  one  or  more  intermediate  points  of  exalted  stability ;  thus  anti- 
mony has  a  triatomic  stage  of  comparative  stability ;  nitrogen,  phosphoros,  and  arsenic, 
whilst  exhibiting  a  similar  triatomic  stage,  have  also  a  diatomic  one,  though  of  greatly 
inferior  stability ;  whilst  the  existence  of  nitrous  oxide  and  of  the  organic  compoundi 
recently  discovered  by  Griess  renders  it  more  than  probable  that  nitrogen  has  a  third 
and  monatomic  stage. 

In  bodies  possessing  at  least  one  stage  of  stability  below  saturation,  and  in  which  all 
the  atoms  united  with  the  polyatomic  dement  are  of  the  same  kind,  the  stage  of  max- 
imum stability  is  very  rarely  that  of  saturation.  Thus,  in  nitrogan,  szsenie,  and 
bismuth  compounds  of  the  kind  just  mentioned,  the  stage  of  maximum  stability  is 
deddedly  the  triatomic  one ;  in  antimonial  compounds  of  a  similar  nature  the  triato- 
mic is  aiso,  though  less  deddedly,  the  stage  of  maximum  stability,  whilst  in  phospho- 
rous compounds  the  points  of  maximum  stability  and  of  saturation  generally  coincide. 
When,  however,  the  atoms  united  with  the  polyatomic  element  are  not  of  the  same  kind, 
then  the  stage  of  maximum  stability  usually  ooinddes  with  that  of  saturation.  Thus 
the  oxide  or  dichloride  of  triethylarsine  or  triethylstibine  are  more  stable  than  triethyl- 
arsine^  or  triethylstibine  themselyes ;  but  this  pentatomic  stability  reaches  its  climax  in 
arsonium,  stibonium,  and  phosphonium  compounds,  as  it  does  also  in  the  corres- 
ponding compounds  of  nitrogen,  although  the  latter  element  exhibits  a  much  stronger 
tendency  tow^irds  universal  triatomic  stability  than  its  chemical  associates. 

In  polyatomic  organo-metallic  bodies,  it  is  remarkable  that,  with  few  exceptions^ 
the  podtive  hydroourbons  hold  their  position  much  more  tenadously  than  the  asso- 
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Giated  negatiye  oonstatnents ;  and  we  thus  frequently  find  the  fanner  aeoompanTing 
the  metal  thzongh  a  vast  number  of  compounds,  fience  the  group  fonnedby  the 
metal  and  poeitiTe  hydrocarbons  has  come  to  be  regarded  as  a  compound  radicle.  Thus 
caoodyl  is  conceiyed  to  be  the  radicle  of  the  whole  series  of  caoodyl  compounds.  But 
howeyer  great  may  be  the  conyenience  of  this  mode  of  yiewing  oigano-metalUc  com- 
pounds, and  the  same  mode  has  notoriously  been  extended  to  nearly  all  organic  bodies, 
it  must  not  be  fomtten  that  it  is  a  purely  aitifleial  distinction,  wluch  has  no  real  eac- 
istence,  either  in  Uie  case  of  organo-metallie  bodies,  or  in  that  <tf  oiganie  bodies  in 
genoaL 

A  dose  examination  of  the  habits  of  the  so-called  oreano-metaltie  xadides  show* 
clearly,  that  their  atomic  power  depends  upon  their  position  with  regard  to  the  stages 
of  stability  and  maximum  saturation ;  thus  they  are  monatomic  when  the  number  of 
poeitiye  groups  is  one  less  than  that  required  to  reach  either  the  maTimum  saturation 
of  the  metal,  or  a  lower  stage  of  stability.  Oaoodyl  and  tetramethylarsonium  (the  single 
atomX  for  instance,  are  monatomio  radides,  beo&use  they  are  reepectiyely  one  atom 
short  of  the  stage  oi  stability,  and  of  maximum  saturation : 

Monatomic  itate>  Slago  of  ■tabUICj. 

CaeodyL  Chloride  of  caoodyl. 


Monatomic  state.  Stage  of  maxknom  jMtvation. 

As* 


^^*  As'     JCH« 


CH*  I  p-n, 

CH*  Icf 

TflCramcthyl.  Chlorlda  of 

araonium.  totramflthylanoniiUD. 

It  is  obyious  that  a  compound  radide^  the  number  of  whose  poeitiye  atoms  is  below 
that  of  a  stage  of  stability,  can  haye  a  double  atomic  character.  Thus  cacodyl  is 
sometimes  monatomic,  as  in  oxide  of  cacodyl ;  and  sometimes  triatomie,  as  in  cacodylio 
acid.     Again  arsenio-monomethyl  (AsCH*)  is  diatomic  in  arsenioas  oxymethide, 

(CH»  (^^ 

^'"in"  »  andteteatomicinmonomethylanemeadd:  As'-lO'* 

<"  UOHy  E.F. 

OKCMianiM*    See  Mabjobah. 

OXOVZOW.    Syn.  with  RocK-soAP. 

OXVZBCXHT*    Natiye  trisnlphide  of  arsenic  (I  887). 

fifyn.  with  Abohzl. 

Syn.  with  OBmxmio  Acid. 

Stenhouse  designated  the  add  obtained  from  South  American 
RooceOa,  by  maceration  with  milk  of  lime,  &c,  as  a-orsdlic,  and  that  prepared  in 
like  manner  fiom  South  African  RoceeUa  as  iS-orsellio  add.  The  former  is  yery  much 
like  lecanoric  add  (iii.  566  \  and  perha|>s  identical  with  it  The  latter  is  con- 
tained, together  with  rocoeliinin  {q. «.)  m  the  predpitate  thrown  down  by  hydro- 
diloric  acid  from  the  lime-extract  ox  the  Ca^  lichen ;  cm  exhausting  this  predpitate 
repeatedly  with  water,  the  roccellinin  remains  undissolyed,  while  the  iB-onellic  add 
crystallises  irom  the  filtrate.  It  appears  to  be  somewhat  less  soluble  in  boiling  water 
than  o-orsellic  add,  and  giyes  a  black  predpitate  with  acetate  of  lead.  It  has  howeyer 
the  same  compodtion  as  a-orseUic  and  lecanoric  add,  forms  salts  exactly  resembling 
the  latter,  and  behayes  in  the  same  manner  with  alcohol,  alkalis,  hypochlorites,  &e. 
The  two  adds  are  therefore  often  regarded  as  identic^.  (See  Gm.  xii.  877 ;  xri.  294; 
Gerh.  iii  797.) 


OXaaUbZVZO  ACni.  0>H*0«.  OrseUie  add,  OrseOesie  add.  (Stenhouse, 
Phil.  Tmns.  1848,  p.  66  ;  Phil.  Mag.  [8]  xxxii.  300 ;  Pioc.  B/iy.  Soc.  xii.  263).— This 
add  ii  produced :  1.  By  boiling  lecanoric,  o-orseUie^  or  jS-orsellic  add  with  water, 
alcohol,  or  alkalis: 

C"H»*0'  +  H»0     -     2C»BW)«. 

2.  From  erythric  acid  (ei^rtfarinX  simultaneoosly  with  picro-eiyihrin,  when  the  barium- 
or  caldum-salt  of  that  acid  is  boiled  with  water : 

0»H"»O»«     +     H«0       -       0»«H"0»     +      2C  'H* 
Erythric  acid.  Picroerytliriu.        OrsdUnlc  acid. 
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3.  From  eyernic  acid,  sixnultaneouflly  with  eveminic  acid,  by   boiling  with  baryta- 
WBtep:— 

C"H»«0'     +     H«0       -       C»H»*0<     +     C«H«0«. 
Evernic  acid.  Ereminic  add*    Ortelliolc  acid. 

To  prepare  the  acid»  lecanoric  add  soapended  in  "water  is  earefbUy  neatndiaed  with 
lime  or  baiyta»  and  the  liquid  is  liipiled,  care  being  however  taken  not  to  oontinne  the 
boiling  too  long,  as  otherwise  the  orsellinic  acid  will  be  resolved  into  carbonic  anhy- 
dride and  ozcin.  The  calcic  or  barytic  orsellinate,  being  much  more  soluble  than 
the  lecanorate,  dissolves  in  the  liquid,  and  on  adding  hydrochloric  add  to  the  solution, 
orsellinie  add  is  depodted  as  a  selatinous  precipitate^  which  may  be  purified  by 
crystallisation  from  water  or  alcohol 

Orsdlinic  add  forms  colourless,  prismatic  crystals  much  more  soluble  in  water  and 
aloohol  than  lecanoric  add ;  it  is  auo  soluble  m  itker.  The  aqueous  solution  has  a 
slightly  rough  and  bitter  taste  and  reddens  litmus.  When  boiled  for  some  time,  it 
gives  off  carbonic  anhydride  and  leaves  oidn :  (?KK>*  »  CHH>*  -h  GO*.  Chloride  of 
lime  imparts  to  it  a  very  fugitive  red-brown  or  violet  tint  With  bromine  it  forms  tzi- 
fazomorein.    (Hesse.) 

The  orsellinates  of  the  alkali-metals  and  alkaline  earth-metals  are  soluble  in  water ; 
in  presence  of  excess  of  base  they  are  easily  resolved  into  ordn  and  a  carbonate. — The 
barium-salt,  CH^BaO*  or  C*'H*^Ba''0',  is  very  soluble  in  water  and  in  alcohol,  and  is 
depodted  therefrom  in  four-sided  prisms.  It  is  obtained  by  adding  caustic  baryta  to 
an  alcoholic  solution  of  orseUinic  add,  keeping  the  add  in  excess  to  avoid  decompo- 
sition. The  liquid  is  then  concentrated  to  a  syrup,  the  add  is  saturated,  and  the  liquid 
left  to  crystallise. 


OWtMMLJaOno  BTBSSS.  These  compounds  are  produced  by  boiling  lecanoric 
or  erythric  add  with  the  correspondiog  alcohols. 

1.  Methylic  Orsellinate,  C»H»«0«  =  C«H'(CH»)0*,  crystallises  from  boiling 
water  in  silky  needles,  volatile  without  decomposition,  more  soluble  than  the  ethyUc 
ether,  which  it  resembles  in  its  chemical  characters.     (Stenhouse.) 

2.  Ethylio  Orsellinate,  C"H"0«  -  C»H'(C^*)0*-— This  compound,  called  also 
OrselliCf  Lecanoric,  and  Erythric  ether,  was  discovered  in  1830  by  Heeren  (Sdiw.  J.  lix. 
341)  who  called  it  paeudo-erythrin  ;  and  has  been  fbrther  examined  by  Liebig  (Pogg. 
Ann.  XXL  32),  Kane  (Phil.  Trans.  1840,  pp.  237,  279),  Schunck  (Ann.  Ch.  Pharm. 
xlL  160;  La.  72),  Bochleder  and  Held t,  i&kf.  xlviii.  6),  Stenhouse  (^.  cit.), 
Strecker  (Ann.  Ch.  Pharm.  Ixviii.  Ill),  and  Hesse  (ibid,  cxvii  297).  It  is  obtained 
by  prolonged  boiling  of  an  alcoholic  solution  of  lecanoric,  o-orseUic,  /9-orsellic,  or 
erytnric  add,  or  by  repeatedly  exhausting  Boccella  iinctoria,  or  other  colour-yielding 
lichens  with  boiling  alcohol,  evaporating  the  united  liquids  to  dryness,  and  bouinff  the 
residue  with  water.  It  separates  from  the  aqueous  or  alcoholic  solution  in  crystiQline 
scales  or  needles,  the  mother-liquor  retaining  a  large  quantitv  of  orcin :  it  may  be 
purified  by  reciystallisation  from  boiling  water.  Another  mode  of  preparinff  it  is  to 
pass  hydrochloric  add  gas  in  excess  into  a  warm  saturated  alcohobc  somtion  of 
lecanoric  add,  evaporate  over  the  water-bath  to  expel  the  ^reat^^r  part  of  the  hydro- 
chloric add,  and  treat  the  residue  with  water.  Orsellinic  ewer  is  then  predpitated  as 
a  blackish-green  resinous  mass  which  may  be  purified  as  above. 

EthyUc  orsellinate  forms  snow-white,  very  thm  laminse  or  needles,  nearly  insoluble  in 
cold  water,  very  soluble  in  alcohol  and  ether,  as  well  as  in  alkaline  solutions,  whence  it  is 
predpitat^  by  acids  in  its  original  state.  The  aaueous  solution  is  neutral  to  test-paper. 
It  quickly  turns  brown,  especially  when  dissolved  in  a  fixed  alkali  The  ammoniaeal 
solution  assumes  a  wine-rell  colour  when  exposed  to  the  air.  It  melts  without  loss  of 
water,  at  a  temperature  above  120^  (Heeren) ;  at  104*6^  (Kane);  and  solidifies  to 
a  crystalline  mass  at  127'5°  (Hesse);  when  heated  in  water,  it  melts  at  100^.  It 
may  be  sublimed  without  decompodtion. 

Ethylic  orsellinate  dissolves  in  caustic  alkalia,  also,  according  to  Hesse,  in  hot 
aaueous  carbonate  of  eodium,  and  is  repredpitated  by  adds  in  the  crystalline  state. 
When  boiled  with  alkalis,  it  gives  off  aloohol  and  yields  ordn ;  witii  caustic  baryta,  a 
predpitate  of  barytic  carbonate  is  formed. 

The  ether  dissolves  easily  in  strong  sttlphttrie  acid,  and  is  repredpitated  by  water  in 
its  original  state :  the  solution  turns  brown  when  boiled.  Nitric  acid  converts  it  into 
oxalic  acid  (Schunck),  and  if  the  oxidation  be  carefully  conducted,  a  crystalline  body 
is  likewise  formed,  which  mdts  at  60^,  and  appears  to  consist  of  CH^'O*  (Hesse). 
With  brojnine  and  chlorine,  orsellinic  ether  form  substitution-products.    (Hesse.) 

Ethylic  orsellinate  does  not  predpitate  the  aqueous  solutions  of  mercurie  ehloridSf 
cupric  sulphate  or  neutral  acetate  of  lead,  but  forms  with  the  basic  acetate  a  copious 
predpitate  containing,  according  to  Kane,  80*6  per  cent  lead-oxide,  approximatdy 
with  the  fonnuk  C»«H»H)*.4Pb"0. 
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Et^He  Vichlororseainate,  OTI»C1\C«H»)0«,  obtained  by  the  action  of  chlorine  on  an 
ethereal  solution  of  ethrlic  onellinate,  orystaUiBes  in  thin  prismB,  melts  at  162^,  and 
Bolidifies  at  169'S^.    (Hesse.) 

Ethnic  DibroTnoraOlinate,  C"H>Bi*(C*H*)0«,  prepared  in  like  manner,  melts  at  Ui?, 
solidifies  at  188^,  and  forms  with  neutral  acetate  of  lead,  a  white  precipitate  containing 
C"H*Bi*Pb''0*.    (Hesse,  Stenhouse.) 

8,  Amylic  Orsellinate.  On  boiling  dried  erythric  acid  with  amylic  alcohol  for 
several  hours,  and  removing  the  excess  of  alcohol  bj  distillation,  the  residue  yielded  on 
standing,  a  mass  of  lustrous  flaky  crystals  contaminated  with  resinous  matter  teom 
which  it  could  not  be  separated.    (Stenhouse.) 

OSTBITB*  AUaruie,  Cerin, — A  silicate  of  aluminium,  iron,  cerium,  yttrium,  &c, 
occurring  in  granite,  gneiss,  syenite  and  granular  limestone,  in  Sweden,  Norway, 
Greenland,  the  Ural,  some  purts  of  Germany,  and  several  localities  in  the  United  States. 
The  varieties  containing  yttrium  were  formerly  called  orthite,  the  rest  allanite, 
and  those  among  the  latter  which  were  very  rich  in  iron,  were  farther  distinguished  as 
cerin,  but  as  these  differences  of  composition  arise  merely  from  the  mutual  replacement 
of  isomorphoufl  constituents,  and  have  no  effect  on  the  crystalline  form,  they  are  now 
regarded  as  uneesentisi,  and  the  name  orthite  is  extended  to  the  whole  group. 

The  crystals  of  orthite  are  monodinic  prisms,  homceomorphous  with  epidote.  Batio 
of  axes,  a:  b  :  e  ^  0-66137  :  1  :  0*8902.  Angle  of  inclined  axes  «  66^  6\  The 
crystals  are  either  long  and  slender,  or  flat  tabular.  Twins  occur  like  those  of  epidote. 
Cleavage  parallel  to  oP  in  traces.  It  occurs  also  massive  and  in  grains.  Hardness  ■« 
5'6 — 6.  Specific  gravity  »  3'8-— 42.  Lustre  submetallic  and  pitchv  or  resinous, 
occasionally  vitreous.  Colour  pitch-brown,  brownish-black  or  yellowish.  Subtrans- 
lucent  to  opaque.  Fracture  uneven  or  subconchoidal.  Brittle.  Before  the  blowpipe 
most  orUutes  swell  up  and  fuse,  with  ebullition,  to  dark-coloured  tumefied  glasses. 
With  fluxes  they  ^ve  the  reactions  of  iron,  manganese  and  silica.  Most  of  them  are 
decomposed  by  aeids,  forming  a  jelly ;  some,  however,  resist  the  action  of  acids  alto- 
gether. 

Anaiytes:  a,  ARanite  from  Bygdin-Vand  on  Jotun^eld,  Norway.  Black:  specific 
gravity  M  8*68 — 8*54;  pyrognomic  (that  is,  exhibits  incandescence  when  heated); 
decomposed  1^  adds  (Scheerer,  I>0  fossUium  AUanite,  OrtkUe,  Oerin,  Gadolinitque, 
dissertaiio,  £eroL  1849). — b,  Mlanite  from  Snarum  in  Norway.  Brownish-black : 
specific '  gravity  s  3*79:  undecomposible  by  adds  (Scheerer).— <r.  Cerin  from 
Kiddarhyttan,  Sweden.  Spedfic  gravity  3*77 — 3*80.  Undecomposible  (Scheerer). — 
d,  Uranorikite  from  Miask  in  the  UraL  Black :  spedfic  gravity  «-  3-647.  Decom- 
p08ible(Bammelsberg,  JftiMTO^cAtfinM^  p.  747). — e,  So-iSlied  iuc^andite,  Spedfic 
mvity  a  8*48 — 3'66  (Hermann,  J.  pr.  Uhem.  xxiii.  273  ;  xliii  35, 99).—/.  From  the 
Thuringerwald;  partly  crystallised  in  the  form  of  epidote.  Black.  Spedfic  gravity  a 
8*79.  Undecompomble  (Credner,  Fogg.  Ann.  Tttit.  144). — g.  From  Wemheim, 
Baden,  in  ^enite.  Specific  gravity  »  3*44 — 3*47.  Undecomposible  (St iff t^  Ram- 
mdsber£^a  MineralehemU^  p.  746). — h,  Berks  Co.  Pennsylvania.  Specific  gravity  «« 
3*782.    Deoompodble  (Genth,  J.  pr.  Chem.  Ixiv.  471). 
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These  analytical  results  may  be  represented  by  the  general  formulji  8!Bf'SiO^(Al"; 
Fe'^)*Si'0**  (M"  denoting  diatomic  iron,  cerium,  yttrium,  caldum,  &c.),  both  terms  of 
which  are  orthosilicates. 

Xanthorthite  is  a  yellowish  variety  of  orthite,  of  spedfic  gravity  2-78 — 2  79,  and 
oontaininff  much  water. 

I^rortnite  is  an  impure  variety  from  the  neighbourhood  of  Fahlnn  in  Sweden,  con- 
taining bitumen.  Berzelius  found  in  it  10*43  silica,  3*69  alumina,  6'08  ferrous  oxide, 
1-39  manganous  oxide,  13*92  cerous  oxide,  4-87  yttria,  1-81  lime,  26*50  water, 
and  31*41  carbon  (by  loss).    It  is  probably  the  residue  of  decomposition  of  an  orthite. 

BagraiumiU  from  Achmatowsk,  having  the  form  of  BuckLandite  (epidote,  iL  490), 
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hardness  6*5,  and  speciflc  grayity  3*46,  and  oontaining  88-88  per  cent,  silica,  20*19 
alumina,  9*82  ferric  oxide,  3*82  fenona  ozide^  8*60  protoxide  of  oeriom,  la«»hftT^iim, 
and  didyminm,  17'37  lime,  1*98  magnesia,  and  1*60  water  (■>  97*26),  is  oompoaed, 
according  to  Hermann  (Jahresb.  1862,  p.  730),  of  6  molecoles  (k  biu^landito 
(epidoteX  and  1  molecule  of  oralorthite,  ciystallifled  topither. 

A  mineral  called  BucIdandiU*  from  Laaeh  in  the  Eilel,  has  been  shown  by  t.  Bath 
(Jahresb.  1863,  p.  814Ho  have  the  form  and  composition  of  orthite;  it  contains  31*jB3 
per  cent,  silica,  18*66  alumina,  17*96  ferrous  oxide^  0*40  manganous  oxide,  20*89  oeroius 
oxide,  11*46  lime,  and  2*70  magnesia  (»>  98*89). 

A  black-brown  mineral  resembling  orthite,  of  specific  gravitj  3*44,  and  hardness 
between  fluorspar  and  apatite,  contains,  according  to  Michaelson  (Jahresb.  1863, 
p.  816),  29*21  per  cent,  silica,  2*81  alumina,  6*42  feme  oxide,  6-44  airconia,  4*27 
glucina,  9*79  cerous  oxide,  16*60  oxides  of  lanthanum  and  didymium,  1*68  yttEia, 
14*93  lime,  0*46  magnesia,  2*46  soda,  and  6*60  water. 

OSTBO-OAmBOWATB  OV  BTHT&.  (C*H')KK)^  (H.  Bassett,  Chem.  Soe. 
J.  xyii  198.) — This  ether  is  produced  by  the  action  of  sodic  ethylate  on  chloropicrin : 

CNOKa*  +  4C»H"NaO     =     SNaQ  +  NaNO«  +  (C«H»)*00«. 

To  prepare  it  40  grms.  of  chloropicrin  are  heated  with  300  grma.  of  absolute  alcohol 
to  the  boiliuff  point  of  the  latter ;  24  grma.  of  sodium  are  added  by  small  portions;  and 
as  soon  as  the  reaction  is  finished,  the  alcohol  is  distilled  off  and  waiter  added  to  the 
residue.  Ethylic  orthocarbonate  then  rises  to  the  snr&oe  as  an  oil  which  must  be  washed 
with  water,  oried  by  chloride  of  calcium,  and  purified  by  fractional  distillation. 

Ethylic  ortho-carbonate  haa  a  peculiar  aromatic  odour,  speciflc  gravity  «  0*926, 
and  boila  at  168^ — lb(^^,  Yapour-density  obs.  ^  6*80 ;  calc.  «*  6*66.  It  is  decom- 
posed by  alcoholic  potash  at  the  boiling  heat,  yieldinjg;  a  considerable  quantifp^  of 
potassic  carbonate.  When  digested  for  some  hours  with  boric  anhydrid^^  it  yielda 
acid  ethylic  borate  (L  660)  and  oUethylic  carbonate : 

(C«H»)«CO*     +     2BK>«      -      (C«H»)*B«0'     +     (0»H»)HX)». 

See  FBL8PAB  (a  619). 

The  prefixes  ortko  and  mtta  have  been  introduced  by  0  d  1  i  n  g 
to  denote  two  classes  of  salts  of  the  same  add,  which  differ  from  one  another  by  one 
or  more  molecules  of  metallic  oxide,  M*0,  llfO,  &&,  the  more  basic  salts  being  called 
oztho-  and  the  Isos  baaio,  meta-salts,  aa  in  the  following  examples : — 


Borates, 


Orthoborate  of  Sodium 
Uetaborate   . 

Difference 


Na"BO« 
NaBO* 


NaK) 


Orthoborate  of  Lead 
Metaborate 


Difference 


CarhonaUB. 


Orthocarbonate  of  Ethyl        .  (C*H*)*CO^ 
Metacarbonate      .  .  (G^*)HX>* 

Difference 


Orthocarbonate  of  Caldnm 
Metacarbonate 


(C«H»)«0 

Nitrates. 
Orthonitrate  of  Mercuroeum  .     ^^|n0^ 


Ketanitrate 


Difference 


HgNO* 
HgHO 


Difference 


Orthonitrate  of  Copper 
Metanitrate 


Difference 


i^b«B«0« 
Pb"B*0« 

2Pb''0 


da«CO« 
CaXO' 

Ca"0 


Cu»NK)« 
Cu'^W 


2Cu"0 


Orthonitrate  of  Bismuth 
Metanitrate 


Bi'"NO« 
Difference 


Bi'T?»0» 


B?0« 


Phosphates, 


Orthophosphate  of  Sodium   . 
Meta^os^iate    . 

Difference 


Na»PO« 
NaPO* 


Na«0 


Orthophosphate  of  Barium 
Metaphosphate 

Difference 


Ba»P»0« 
Ba"P«0« 

2Ba''0 


See    BoBiLTBS  (I  640^    Cabbokatbs  (i  778),    NrrnATss  (ir.  82),  Fko8PHATB8, 
SoJCAns,  Sk. 


Thlt  name  havlns  been  applied  both  tp  orthite  and  to  s  variety  orepidole  is  beat  given  up  altogether. 
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OSTBOSa.    Syn.  with  OBTHOCOJksa. 

iiOIBk      Syiu  with  Oooamio  Acid. 

(from  ^/t^  odour,  and  {mfUs  broth^  A  name  Mplied  byTh^nard 
to  that  portion  of  the  aqneons  extract  of  meat  which  n  soluble  in  aloohol  and  contains 
those  constituents  of  the  flesh  which  determine  its  taste  and  onelL 

SyiL,  with  Pbctoutb. 

MSB.  H'Os'NH)*.'— This  acid,  discoTered  bj  Fritasche  and 
St  ruT  e  (J.  pr.  Ghem.  zlL  97),  is  produced  bj  the  action  of  ammonia  on  osmic  tetrozide 
in  presence  of  fixed  bases.  The  potassium-salt,  K^Oe^PO*,  is  obtained  by  adding 
ammonia  to  a  hot  solution  of  the  tetroxide  in  excess  of  potash ;  the  deep  orange 
colour  of  the  liquid  then  change^  to  light  yellow,  and  the  potassium-salt  separates  as 
a  yellow  crystalline  powder,  which  may  be  purified  by  reczystaUisatlon  from  the 
least  possible  quantity  of  boiling  water.    The  reaction  is : 

eOsO*     +     8NH»     +     6KH0     -     3B:«0s«N«0»     +     N*     +     16H»0. 

The  potassium-salt  may  be  eonyerted  into  the  silTer-salt  by  precipitation,  and  from 
this  the  aqueous  acid  may  be  prepared  by  decomposition  with  hvdrodiloric  acid.  It 
may  be  kept  for  some  days  when  dilute,  but  soon  decomposes  in  the  concentrated  state. 
It  is  a  strong  add,  decomposing  not  only  the  carbonates  but  even  the  (ddorides  of  potas- 
sium and  s^um. 

Osmiamie  acid  is  dibasic,  its  salts  haTing  the  composition  }|ffH)8'N^0*  «  M^O.Ob'NK)^ 
Fritzsche  and  Struve  regard  the  anhydride  Os'N'O^  (not isolated)  as  a  compound  of 
OsN^  withOsO^  and  call  it  osman-osmicacid.  G-erhardt  (Compt.  chim.  1847, 
p.  304),  who  suggested  the  name  osmiamie  acid,  supposes  the  salts  to  contain  1  at. 
oxygen  more  than  in  the  formula  above  given,  rega»ung  therefore  the  hypothetical 
anhydride  as  Os'I^K)*,  and  representing  its  formation  (in  the  salts)  by  the  equation 
20bO*  +  2NH»  «  Os«NK)»  +  3HK);  but  Fritzsche  and  Struve's  formula  agrees 
best  with  the  composition  and  reactions  of  the  salts. 

The  osmiamates  of  the  allcali-  and  alkaline  earth-metals  are  soluble  in  water ; 
the  lead,  mercury,  and  silver  salts  are  insoluble.  The  amnumiumsalt,  (NH^)^Os*N'0*, 
forms  huge  yellow  crystals  isomorphous  with  those  of  the  potassium-salt,  easily  soluble 
in  water  and  alcohol,  and  detonating;  at  125^.  The  hariuTnrsalt,  Ba''Os*K*0*,  crystal- 
lises in  yellow,  shining  needles,  moderately  soluble  in  water  and  detonating  at  about 
160°.  The  Uadsalt,  Pb''08«N«0*.Pb«0  ?,  obtained  by  mixing  an  alcoholic  solution 
of  the  potassium  or  ammonium  salt  with  nitrate  of  lead,  is  a  yellow,  crystalline  precipi- 
tate wnich  becomes  dark-coloured  during  washing.  The  mercuric  tali,  obtained  oy 
decomposing  the  silver^alt  with  mercuric  chloride,  forms  prismatic  easily  decomposible 
CTjrstals.  '&e  menwrouB'^aU  is  a  light  yeUow  amorphous  precipitate  which  volatilises 
quickly  when  heated. 

thA  potaumm-salt,  E'Os'N'O*,  crystallises  in  yellow  dimetrio  octahedrons  with  ter- 
minal angles  of  106°  16'  and  lateral  angles  of  116°  y.  It  is  much  less  soluble  in 
alcohol  than  in  water,  insoluble  in  ether ;  may  be  heated  to  180°  without  alt'OraHon, 
but  detonates  at  higher  tem|)eratures.  Heated  with  hydrochloric  acid  and  chloride  of 
potassium,  it  gives  off  chlonns  and  is  converted  into  potassio-osmioso-osmic  chloride 
(chlorosmite  ^potassium)  (Olaus): 

K'Os'N'O*  +   4Ka  +   18HC1     -     2(3KCLOsCl«)  +   2NH<a  +   6H«0  +  O". 

The  sUver-sdlt,  Ac'Os'N'O*,  obtained  by  precipitation,  or  by  dissolving  osmic  tetroxide 
in  an  ammoniacal  solution  of  the  silver-salt  and  supersaturating  with  nitric  acid,  is  a 
lemon-yellow  crystalline  powder,  very  slightly  soluble  in  water  and  in  cold  nitric  acid, 
easily  soluble  in  ammonia.  It  blackens  when  exposed  to  light,  detonates  violently  at 
80°,  also  by  percussion,  or  when  sulphydric  add  gas  is  passed  over  it. 

The  aodivm-aaU  is  very  soluble  and  crystalliMS  from  a  syrupy  solution  in  rather 
la^e  prismatic  hydrated  crystals. 

The  ginc-ealt  is  very  soluble. 

An  ammoniacal  ginesalt,  4NIP.Zn''08'N*0',  separates  on  mixing  an  ammoniacal 
solution  of  osmic  tetroxide  with  a  sine-salt,  as  a  light  yellow  crystalline  powder, 
permanent  in  the  air,  easily  decompodble  by  water,  nearly  insoluble  in  ammonia. 
Cadmium  forms  a  similar  salt. 


L  The  name  given  by  F  r  i  my  to  the  compound  N^H^OsO')*,  which 
he  supposes  to  exist  in  combination  with  sal-ammoniac  in  the  yellow  substance  produced 
by  digesting  osmite  of  potasdum  in  a  cold  solution  of  sal-ammoniao  (pp.  244,  246). 
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I     See  Osmrx,  Oxidbs  or  (pp.  246,  246). 
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or  Iridotmine, — ^The  natiye  alloy  of  iridium  and  osmiam,  occarring 
together  with  platinam,  &c.  in  variovB  localities.  Its  composition  and  properties  hare 
been  already  given  under  Ibidosminb  (iii.  325),  and  several  methods  of  decomposing  it 
under  Ijudiuic  (iii.  314).  The  following  are  additional  methods : — a.  90  grms.  of  the 
ore  are  mixed  with  180  grms.  saltpetre  and  90  grms.  caustic  potash,  and  the  mixture  is 
exposed  in  separate  portions  to  a  strong  red  heat  for  an  hour  or  an  hour  and  a  half  in 
a  laige  silver  crudole,  placed  within  a  hessian  crucible  containing  magnesia,  each 
melted  portion  being  poured  out  into  an  iion  dish  and  the  still  undecomposed  residue 
heated  twice  or  thnce  more  with  the  same  quantity  of  flux,  before  a  fresh  portion  of 
the  original  mixture  is  introduced  into  the  crucible.  The  cooled  and  pulverised  mass 
is  then  introduced  into  a  vessel  which  can  be  dosed,  and  briskly  agitated  for  four 
hours  in  a  duk  place  with  14  litres  of  distilled  w^ter,  and  the  dear  deep  orange- 
coloured  solution  (A)  is  decanted  firom  the  black  sediment  {B)  which  latter  v^  washed 
with  water  in  a  fujinel  plugged  with  asbestos.  The  solution  A  smells  slightly  of  osmie 
tetroxide,  and  contains  free  potash,  nitrite,  osmite,  rutheniate  and  nitrate  of  potassium, 
together  witJi  a  small  quantity  of  osmic  tetroxide;  no  other  platinum-metaL  The 
residue  jS  is  a  velvet-black,  somewhat  crystalline  powder,  consisting  prindpally  of 
iridic  oxide  and  add  iridiate  of  potassium,  with  portions  of  ruthenic  sesquioxide,  osmic 
dioxide,  fisRic  oxide,  and  traces  of  cupric  and  pilladic  oxides,  all  soluble  in  adds ;  also 
of  a  residue  insoluble  in  adds  consisting;  of  oxides  of  iridium,  platinum,  and  rhodium, 
with  a  certain  quantity  of  undecomposed  ore. 

To  extract  the  ruthenium,  B  is  fused  a  second  time  with  the  fluxes  above  men- 
tioned ;  the  solution  obtained  by  treating  the  fused  mass  with  water  is  added  to  A ; 
and  the  still  undissolved  residue  to  B.  The  solution  is  next  neutralised  with  veiy 
dilute  nitric  add,  whereby  a  black  predpitate  b  is  thrown  down ;  the  daiified  solution 
a  is  decanted,  and  the  precipitate  consisting  chiefly  of  osmic  hydrate,  080'.2R*0, 
oontaininff  horn  16  to  20  per  cent,  ruthenic  sesquioxide,  is  washed.  To  separate  the 
metals,  this  predpitate  is  introduced  into  a  lax^  retort  fitted  with  a  luted  and  weU- 
oooled  reodvesr,  t<^ther  with  2  lbs.  hydrochloric  and  3  lbs.  nitric  acid,  and  slowly  and 
carefiilly  distilled  till  the  greater  part  of  the  add  has  passed  over,  and  the  residue  in 
the  retort  has  become  Tisdd«  This  residue  consists  chiefly  of  ruthenic  tetrachloride, 
BuCl^  with  a  small  quantity  of  trichloride.  (For  the  method  of  obtaining  the  metal 
firom  it,  see  Butuemium.) 

The  faintiy  yellowish  solution  a  still  contains  oxides  of  ruthenium  together  with  a 
large  quantity  of  osmic  tetroxide.  It  is  distilled  with  2  lbs.  of  hydrochloric  acid  till 
vU  the  osmic  tetroxide  has  passed  over,  and  the  residue  in  the  retort  has  become  rose- 
oolouied  (from  formation  ox  red  ruthenic  chloride);  the  red  liquid  is  concentrated ;  the 
greater  part  of  tbe  potassic  nitrate  crystallised  out ;  the  concentrated  solution  then 
evaporated  to  dryness ;  the  reddue  dissolved ;  and  the  ruthenium  predpitated  from  the 
solution  by  sulphide  of  ammonium,  with  addition  of  a  little  free  aad.  The  osmio 
tetroxide  obtained  at  the  same  time  may  be  separated  by  fractional  distillation ;  or  the 
solution  containing  it,  maj  be  treated  according  to  Fr^my's  method  (Ann.  Ch. 
PbjB.  ^Z]  xiL  621),  by  mixing  it  with  caustic  potash  and  a  little  alcohol,  and  adding 
pulverised  sal-ammoniac.  The  greater  part  of  the  osmium  is  then  thrown  down  in  the 
form  of  a  compound  of  osmiamic  add  with  sal-ammonia^. 

The  powder  B^  which  contains  considerable  quantities  of  ruthenium  and  osmium,  is 
distillea  with  excess  of  nitromuriatic  add  till  the  whole  of  the  osmic  tetroxide  has  passed 
over ;  and  the  reddual  liquid  is  strongly  concentrated  and  left  to  cool,  whereupon  it 
deposits  the  ereater  part  of  the  iridium  as  black  chloriridiate  of  potassium,  K^Ir^^d*. 
The  mother-uquor,  aiter  flltration,  is  mixed  with  a  little  sal-ammoniac  to  throw  down 
the  rest  of  the  iridium ;  flltered  after  standing  from  the  crystaUine  predpitate  of  chlor- 
iridiate of  ammonium  ;  and  the  liquid  is  then  mixed  with  a  large  quantity  of  powdered 
sal-ammoniac  The  resultins  brown  crystalline  mass,  after  wasoing  with  sal-ammoniac 
and  weak  spirit,  yields  ruthenium  in  the  form  of  the  double  salt,  (NH*)*Bu'~Cl*. 
(Glaus,  N.  Fetersb.  Acad.  Bull  v.  463;  Jahresb.  1861,  p.  322.) 

/9.  The  following  method  of  treating  Califomian  osmiridium,  which  contains  a  con- 
dderable  proportion  of  ruthenium,  is  given  by  Gibbs  (SiU.  Am.  J.  [2]  xxxi.  63).  The 
ore  is  flrst  freed  from  silica  and  other  impurities  by  fiision  with  8  pts.  dry  carbonate  of 
sodium,  and  subsequent  lixiviation ;  1  pt  of  it  is  then  fhsed  with  1  pt.  caustic  potash  and 
2  pts.  saltpetre ;  and  the  cooled  mass  brok«i  into  lumps  is  boiled  with  water  containing 
X  of  its  bmk  of  strong  alcohol,  till  completely  disintesrated.  The  liquid  together  wit£ 
the  lighter  partides  of  oxide  is  then  decanted,  and  the  residue  is  aflain  treated  with 
water  and  decanted  after  standing  for  some  time.  There  is  thus  obtained  a  solution  of 
potasdc  osmite^  a  large  quantity  of  black  oxides  (probably  a  mixture  of  BuO',  Bu*0', 
or  their  hydrates)  and  a  coarse  heavy  powder  chiefly  consisting  of  undecomposed  ore. 
The  latter  is  again  fused  with- hydrate  and  nitrate  of  potasdum,  and  the  melted  mass 
treated  as  above.    The  solution  containing  the  potassic  osmite  and  the  salts  of  the 
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Alkali-metalB  is  deeanted  from  the  deposited  black  oxides  stUl  containing  osmium ;  and 
these  oxides,  after  washine  with  hot  water  and  alcohol,  are  introduced  into  a  capacioaa 
retort  provided  with  a  saroty-tube  and  connected  with  a  tight-fitting  cooled  receiver, 
which  again  is  connected  bj  wide  tubes  with  two  or  three  Wonlfe*s  littles  containing 
a  strong  solntion  of  potash  and  a  little  alcohol.  A  large  excess  of  strong  hydrochloric 
acid  is  then  cautiously  poured  through  the  safetj-tube  into  the  retort^  and  after  the 
first  violent  action,  which  causes  a  part  of  the  osmic  tetroxide  to  distU  over  sponta* 
neouslj,  is  over,  the  distillation  is  continued  at  the  heat  of  a  sand-bath  till  no  more 
oemic  tetroxide  collects  in  the  neck  of  the  retort,  and  that  which  is  previously  condensed 
flows  out  in  oil^  drops.  At  the  end  of  the  distillation  the  retort  is  left  to  cool; 
the  receiver  is  disconneoted  from  it  and  doeed  by  a  cork,  and  the  oemic  tetroxide  is 
driven  over  by  a  moderate  heat  into  the  Woulfe's  bottles ;  and  the  contents  of  these 
vessels  are  mixed  with  the  solution  obtained  by  lixiviating  the  original  fased  mass. 
The  liquid  evaporated  over  the  water^bath  yields  on  cooling  onrstals  of  potassie  osmite. 
The  mother-liquor  contains  only  traces  of  osmium  and  is  worthless. 

The  daric  brown  solution  poured  out  firom  the  retort  is  evaporated  to  dzyness,  the 
residue  is  redinolved  in  hot  water ;  the  solution  is  evaporated  again  after  addition  of  a 
little  hydrochloric  acid ;  this  process  is  repeated  till  the  odour  of  osmic  tetioxide  is  no 
longer  perceptible ;  and  a  cold  saturated  solution  of  chloride  of  potassium  is  then  added, 
which  aissolves  the  chlorides  of  iron  and  palladium,  while  platinum,  iridium,  rhodium, 
and  ruthenium  remain  as  double  salts  insoluble  in  a  strong  solution  of  chloride  of 
potassium.  The  latter  are  well  washed  with  a  saturated  solution  of  potassie  chloride, 
which  removes  almost  all  the  iron  and  palladium,  and  leaves  the  double  chlorides 
together  with  the  insoluble  impurities  of  tlie  ore. 

QmMTXOWmXMf  OZIi  OV.  Otmitopms  atterisecfSdei,  tn  aromatic  plant  of  the 
composite  order  growing  near  Cape  Town,  yields  an  essential  oil  possessing  tonic  and 
antispasmodic  properties.  It  is  greenish-yellow,  has  a  burning  taste,  and  a  pungent, 
not  very  agreeable  odour  recalling  that  of  camphor  and  oil  of  ageput  Specific  gravity 
»  0*9S1.  It  reduces  anammoniacal  solution  of  silver-nitrate  on  long  boiling.  'When 
Hmrillflil^  it  besins  to  boil  at  130°,  and  enters  into  regular  ebullition  between  176°  and 
178°,  two-thixds  of  the  oQ  passine  over  between  this  point  and  188°;  the  thermometer 
then  continues  to  rise  till  it  reaches  208°,  and  a  small  quantify  of  camphor  sublimes 
on  the  sides  of  the  vessel  The  portion  collected  between  178°  and  182°  contains  77'9 
per  cent  carbon  and  11*79  hydrogen,  agreeing  nearly  with  the  formula  C**H*0, 
according  to  which  oil  of  osmitopsis  is  isomeric  with  bomeol  (i.  620)  and  oil  of  cajeput 
(L  712). 

OSmOBL  Symbol  Os.  Atomic  weiglU  199. — ^A  metal  belonging  to  the  platinum 
ffroup,  discovered  by  Tennant  (Phil.  Trans.  1804,  p.  411),  and  lurtber  examined  bv 
Seraelius  (Pogg.  Ann,  xiii.  463  ;  xv.  208  and  627),  Frimy,  Compt.  rend,  xxxviii. 
1008),  Glaus  (Ann.  Ch.  Pharm.  lix.  234;  Ixiii.  341;  N.  Petersb.  Acad.  Bull.  ii. 
168;  iv.  453;  yl  145;  Jahresb.  1860,  p.  204;  1861,  p.  320;  1863,  p.  295),  Deville 
and  Debray  (Ann.  Ch.  Pharm.  civ.  227;  cxiv.  78;  Ann.  Ch.  Phys.  [3]  Ivi.  385; 
Jahresb.  1857,  p.  260,  1859,  p.  231),  and  Gibbs  (Sill.  Am.  J.  xxix.  427  ;  xxxi.  63 ; 
Jahresb.  1860,  p.  217 ;  1861,  p.  8281  The  name  of  the  metal  is  derived  from  ^itm^ 
(odour])  on  account  dT  the  strong  and  peculiar  odour  of  its  highest  oxide. 

Osmium  occurs  combined  with  iricuum,  forming  the  alloy  called  ogmiridium  or 
iridomume,  in  native  platinum,  partly  in  distinct  white  metallic  grains,  partly  intimately 
mixed  or  combined  with  the  platinum  and  other  metals,  and  remaining  in  black  scales 
when  those  metals  are  dissolved  in  nitro-muriatic  acid ;  osmiridium  also  occurs  with 
chmme-iron  in  irite  (iii.  325). 

The  separation  of  osmium  fh>fll  iridium  and  the  other  metals  with  which  it  is 
associated,  depends  chiefly  on  its  ready  oxidation  by  nitric  or  nitro-muriatic  acid,  or  by 
ignition  in  air  or  oxyeen-gas,  and  die  volatility  of  the  oxide  thus  produced.  The 
methods  of  effecting  &e  separation  have  been  already  described  under  IiuDnnc  (iii. 
814 — 316,  Nos.  1,  2,  4,  6,  7),  and  OsioRroinc  (iv.  241). 

To  obtain  metallic  osmium,  the  distilled  oemic  tetroxide  is  digested  with  hydro- 
chloric add  and  metallic  mercury  in  a  wall-elosed  vessel  at  140°.  The  obmium  is 
reduced  by  the  mercury,  and  an  amalgam  formed,  which,  when  distilled  in  a  retort  through 
which  hydrogen  is  poissed  till  all  the  mercurv  and  calomel  are  expelled,  leaves  osmium 
as  a  blade  powder  without  metallic  lustre  (Berzelius).  Metallic  osmium  may  also 
be  obtained  by  digesting  osmic  tetroxide  with  hydrochloric  acid  and  metallic  sine, 
(Vauqueli  n), — or  by  passing  the  vapour  of  the  tetroxide  mixed  witli  hydroeen  through 
a  glass  tube  heated  to  redness  for  about  an  inch  of  its  length,  the  osmium  oeing  there 
deposited  as  a  eoaspact  metallic  ring  (Berzelius)^  or  by  igniting  a  mixture  of 
chlorosmiate  of  ami&c»nium  with  sal-ammoniac  (Berzelius). 

The  following  is  the  method  adopted  by  Deville  and  Debray.    A  veiy  intiroats 
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mixture  of  osmiridliim  with  5}  pts.  barium-p^razide  is  heated  for  sn  hotcr  or  two  in  a 
well-clofled  earthen  crucible  to  the  melting  point  of  silver;  the  xeaulting  black  mans 
coarsely  powdered  is  drenched  in  a  glass  retort  with  a  little  water,  and  then  witii  a 
mixture  of  8  pta.  hydrochloric  and  1  pt  ordinary  nitric  acid;  the  mixture  is  distilled  in 
a  retort  provided  with  a  eloBely  fitting  and  well  cooled  receiyer  containing  aqueous 
ammonia,  as  long  as  Tapours  of  osmic  tetroxide  continue  to  pass  over;  the  osmate  of 
ammonium  thus  obtaiced  is  supersaturated  withsulphydric  acid ;  the  liquid  containing 
the  suspended  sulphide  of  osmium  is  boiled  for  some  time  and  filtcEred;  and  the 
sulphide  of  osmium  is  dried  at  a  regular  temperature,  as  it  might  take  fire  if  too  strong- 
ly heated.  The  dried  sulphide  is  then  introduced  into  a  crucible  made  of  gas-coke, 
polished  on  its  inner  surface,  and  fitted  with  a  well-ground  cover,  and  this  crucible, 
placed  within  an  earthen  crucible  containing  sand  and  likewise  well  closed  with  a 
ground  cover,  is  exposed  for  four  or  six  hours  to  the  melting  heat  of  nickel.  The  sul- 
phide of  osmium  is  thereby  reduced  to  the  metallic  state. 

Properties. — The  properties  of  metallic  osmium  tbtt  according  to  the  mode  of 
preparation.  In  the  pulverulent  state  it  is  black,  destitute  of  meUllic  lustre,  whidi 
however  it  acquires  by  burnishing,  and  has,  according  to  Berzelius,  a  densi^  of  only  7 ; 
but  in  the  compact  state,  as  obtained  by  Berzelius*s  method  above  described,  it  exhibits 
metallic  lustre  and  a  density  of  10.  When  reduced  by  the  wet  way  it  has  a  bluish  tinge.  It 
is  malleable  enough  to  bear  rolling  into  thick  plates,  but  is  easily  reduced  to  powder  under 
the  hammer  (Berzelius).  Deville  and  Debray,  bv  the  method  just  described* 
obtained  it  in  easily  divisible  lumps  having  a  bluish  colour  lighter  than  that  of  sine. 
It  may  be  reduced  to  a  more  compact  state  by  heating  it  to  the  melting  point  of 
rhodium,  when  it  attains  a  density  of  21*3  to  21*4.  When  heated  with  7  or  8  times 
its  weight  of  zinc  in  a  charcoal  crucible  to  bright  redness,  it  dissolves  in  the  zinc, 
separates  on  slow  cooling  in  the  crystalline  state,  and  remains  after  the  zioc  has  been 
removed  by  hydrochloric  acid,  as  a  yery  hard  crystalline  powder.  If  osmium  be  melted 
with  zinc  and  the  resulting  alloy  treated  with  hydrochloric  acid,  the  whole  of  the 
osmium  remains  undissolved  as  an  amorphous  very  infiammable  powder ;  but  if  the 
zinc  be  expelled  from  the  alloy  by  a  strong  heat^  and  the  remaining  osmium  heated  in 
H  charcoal  crucible  before  an  oxy-hydrogen  blowpipe  capable  of  melting  rhodium,  the 
osmium  is  obtained  as  a  bluish  metallic-shining  mass^  having  the  density  of  21*4,  hard 
cnouch  to  scratch  glass,  not  however  quite  compact,  but  penetrated  by  cavities.  At  a 
still  higher  temperature,  capable  of  melting  ruthenium  and  iridium  and  volatilising 
platinum,  osmium  likewise  volatilises^  but  stiU  does  not  melt;  it  is  in  fact  the  most  in- 
fusible of  all  metals. 

Osmium  in  the  finely  divided  state  is  highly  combustible :  continuing  to  bum  when 
set  on  fire  till  it  is  all  volatilised  as  tetroxide.  In  this  state  also  it  is  easily  oxidised 
by  nitric  or  nitro-muriatic  acid,  being  converted  into  tetroxide.  But  after  exposure  to 
a  red  heat,  it  becomes  much  less  combustible  and  is  not  oxidised  by  nitric  or  nitro- 
muriatic  acid  (Berzelius).  Osmium  which  has  been  heated  to  the  melting  point 
of  rhodium  does  not  give  off  any  vapour  of  tetroxide  when  heated  to  the  melting  point 
of  zinc,  but  takes  fire  at  higher  temperatures.    (Deville  and  Debray.) 

OSMZUBKf  CBIiOSIllBS  OV«  Osmium  forms  three  chlorides  having  the 
formuls  OsGP,  OsCl",  and  OsCl^  A  hexchloride  OsOl*  is  also  said  by  BerzeUusto 
exist  in  certain  double  salts ;  but  its  existence  is  not  well  established.  There  is  no 
chloride  corresponding  to  the  tetroxide. 

XHoiaariae  of  Owwlmn  or  Onntons  CJIiloride.  OsCP. — When  pulverised 
osmium  is  heated  in  perfectly  diy  chlorine  gas  free  from  air,  there  is  formed,  first  a  blue- 
black  sublimate  of  osmious  chloride,  then  a  red  sublimate  of  osmic  chloride,  OeClK  (The 
green  chloride  mentioned  by  Berzelius  is  formed  only  when  moisture  is  not  com- 
pletely excluded.)  The  osmious  chloride,  which  is  produced  in  relatively  small 
quantity,  and  is  difficult  to  obtain  pure,  dissolves  in  water  with  dark  violet-blue 
colour.  A  similar  solution  may  be  obtaineid  by  dissolving  osmious  hydrate  in  hydro* 
chloric  acid,  or  by  the  action  of  reducing  agents  (such  as  zme,  tannic  add,  fenocyanide 
of  potassium,  or  alcohol)  on  a  solution  of  the  tri-  or  tetra-chloride ;  but  it  is  very 
unstable,  oxidising  as  quickly  as  ferrous  chloride,  and  changing  in  colour  to  dark  red, 
and  ultimately  to  yellow.  The  addition  of  chloride  of  potassium  renders  it  more  stable^ 
by  forming  a  double  salt    (Glaus.) 

Tfioblorlde  or  Oamloao-oamie  cnaoriae.  OsCH*. — This  compound,  which  is 
also  very  unstable  and  cannot  be  obtained  in  the  free  state,  is  contained  in  the  solution 
produced  by  dissolving  the  mixture  of  the  di-  and  tri-chlorides  resulting  from  the 
action  of  chlorine  on  pidverised  osmium,  in  water.  The  solution  has  at  first  a  chrome* 
green  or  blue-green  colour,  but  soon  becomes  purple-violet,  from  formation  of  tri- 
chloride, and  finally  colourless,  in  consequence  of  the  resolution  of  this  compound  into 
osmic  tetroxide,  hydrochloric  add,  and  a  mixture  of  osmious  and  osmic  oxides  which  is 
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thrown  down  in  the  form  of  a  black  powder.  The  trichloride  ia  sometimes  alm>  formed 
by  treating  a  solution  of  the  yellow  tetrachloride  with  a  large  qnantitj^  of  hydrochloric 
acid,  or  by  the  action  of  snlphydrio  add  on  a  solution  of  oemic  tetiozide  containing  a 
laise  quantity  of  hydrochloric  add. 

Potasgio-osmioso-o9mie  chloride  or  ChloroBmite  ofPota$mum,  KKHiCl*  or  3KC1.0sCl', 
is  produced,  together  with  potassio-oemic  chloride,  when  a  mixture  of  pulverised  osmium 
and  chloride  ofpotassium  is  strongly  ignited  in  chlorine  gas.  On  dissolving  the  ignited 
mass  in  water,  and  evaporatinff,  the  osmic  salt  crystallises  out  first,  and  afterwards 
the  oamioeo-osmic  salt  in  small  quantity.  The  latter  is  more  easily  obtained  by  the 
action  of  hydrochloric  add  and  chloride  of  potassium  on  osmiamate  of  potassium 
(p.  239) :  a  concentrated  aqueous  solution  of  osmic  tetrozide  is  mixed  with  caustic 
potash  and  ammonia,  then  saturated  with  dilute  hydrochloric  before  it  turns  yellow 
and  deposits  osmiamate  of  potassium  and  quickly  evaporated  to  dryness  over  the 
water-bath ;  and  the  residue  is  freed  from  sal-ammoniac  and  chloride  ii  potassium  by 
careful  washing  with  ice-cold  water. 

The  double  chloride  is  thus  obtained  in  dark  red  or  red-brown  crystals,  SKCLOsd*. 
3HH),  which  give  oflf  half  their  water  by  effloresence  in  the  air,  becoming  rose-red  at 
the  same  time,  and  the  whole  between  150^  and  180^.  It  dissolves  easily,  with  deep 
eheny-red  colour  in  water  and  in  alcohol,  but  is  insoluble  in  ether;  has  a  nauseous 
strongly  astringent  taste,  and  decomposes,  espedally  when  heated,  turning  brown,  and 
yieldmg  a  blacs  ozychloride.  The  aqueous  solution  gives  with  potash,  ammonia,  ot 
earbonaie  of  potanium,  a  browmsh-red  predpitate  of  hydrated  osmioso-osmic  oxide^ 
which  dissolres  in  ammonia^  but  only  paraally  in  potash  (and  is  precipated  therefrom 
at  the  boiling  heat  The  same  solution  gives  with  niirate  of  silver  a  dirty  grey-brown 
predpitate  soluble  in  ammonia.  Heated  with  tannic  acid,  or  alcohol  (wim  addition 
of  hydrochloric  add)  it  is  reduced  to  the  blue  dichloride.  With  nUphydric  add  and 
suiphide  ofammotUum,  it  yields  brown-blade  sulphide  of  osmium,  insoluble  in  sulphide 
of  ammonium.    (Glaus.) 

Amm/onio-^mmiioso-^mniUi  Chloride,  SNHKn.08Gl'.3H'0,  resemblf«  the  potassium- 
salt. 

TetiMlilerlde  of  OMnlnm  or  OMUio  Chloride.  OsCl^— This  is  the  i«d  com- 
pound which  constitutes  the  prindpal  part  of  the  product  obtained  by  igniting  osmium 
in  chlorine  gas.  It  dissolves  with  yellow  colour  in  water  and  alcohol,  and  is  decomposed 
quicklv  in  dilute  solution,  more  slowly  in  presence  of  hydrochloric  acid  or  metallic 
chlorides,  yielding  a  black  precipitate  of  osmic  oxide  and  a  solution  of  osmic  tetro  ade 
and  hydrochloric  add. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkali-metals  forming  salts  sometimes 
called  chlorosmates.  From  the  solutions  of  these  salts,  etdphydric  acid  and  sulphide 
of  ammonium  slowly  predpitate  ayeUow-brown  sulphide  insoluble  in  alkaline  sulphides. 
Niirate  of  silver  forms  an  olive-green ;  stannous  chloride  a  brown  predpitate.  Tannic 
acid  on  heating  produces  a  bine  colour,  but  no  predpitate ;  ferrocyanide  ofpotassium, 
first  a  green,  then  a  blue  colour ;  iodide  ofpotassium,  a  deep  purple-red  colour.    Potash 

S'yes  a  blAck,  ammonia  a  brown  predpitate,  slowly  in  the  cold,  immediately  on  boiling, 
ietallic  sine  and  formate  of  sodium  tnrow  down  metallic  osmium.     (Berzelius.) 

Anrnomo-osmic  Chloride  or  Chlorosmate  of  Ammonium,  2NJB[*C1.0sCl*,  is  formed 
on  mixing  a  solution  of  the  sodium-salt  with  sal-ammoniac,  as  a  red-brown  precipitate, 
and  separates  from  the  mother-liquor  in  black-brown  octahedrons.  It  is  even  more 
decompo^ible  than  the  potasdum-salt,  and  leaves  when  ignited  a  residue  of  spongy 
osmium.    (Claus.^ 

Argento-osmic  Chloride.  2AgOLOsCl*. — Obtained  as  a  dirty  green  precipitate  on 
adding  ammonia  to  the  solution  of  the  sodium-salt  (Claus).  In  contact  with  ammonia 
it  is  converted  into  a  minium-red  very  unstable  compound,  Ag-OsCl*.  2NH*,  soluble 
with  yellow  colour  in  a  large  quantity  ofwater  (Eichler,  Jahresb.  1860,  p.  216,  Clans), 
The  same  compound  is  formed  on  adding  nitrate  or  ammonio-chloride  of  silver  to  a 
solution  of  potasdo-osmic  chloride  containing  ammonia.    (E  ic  h  1  e  r.) 

Fotassio-osmic  Chloride,  K«OsCl«  or  2KCL08a*,  is  obtained  by  gently  igniting 
a  mixture  of  chloride  of  potasdum  and  metallic  osmium  in  a  stream  of  chlorine 
(Berzelius),  or  by  predpitating  a  solution  of  the  sodium-salt  with  chloride  of  potas- 
sium (Glaus).  It  forms  brown  or  minium-red  octahedrons,  sparingly  soluble  in  water, 
insoluble  in  alcohol.  Fftper  moistened  with  the  aqueous  solution  acquires  a  blae  colour 
not  removable  by  washing  (Berzelius).  The  aqueous  solution  becomes  ereenish 
after  a  while,  and  black  on  boiling,  the  osmic  chloride  being  decomposed  in  the  man- 
ner above  mentioned.  Potash  decolorises  the  solution,  and  on  boiling  throws  down  a 
blue-blnck  precipitate  of  osmic-hydrate.  Dilute  ammonia  throws  down  a  yellowish- 
white  predpitate  which  changes  after  a  while  into  a  brown  ainmoniacal  compound, 
N«H«0«0«.    (Glaus.) 

Eichler  (Jahresb.  1860,  p.  214),  by  dissolving  hypo-osmite  ofpotassium,  K^OiSOnO* 
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(obtained  by  exporine  an  alcoholic  solution  of  the  osmite,  K*O.OtK>*  (p.  247),  to  snn- 
shine),  in  cold  hydrof^orio  add,  obtained  a  dark  violet  solution  of  potassio-osmic  chlo- 
ride, which  was  more  readily  deoomposible  than  the  greenish-yeUow  solution  of  the 
octahedzal  double  salt  above  described,  inasmuch  as  it  gave  with  potash  an  immediate 
black  precipitate  of  osmic  oxide,  a  similar  precipitate  with  a  small  quantity  of  ammonia, 
also  with  phosphate  of  sodium.  By  exposure  to  the  air  it  was  gradually  conreited  into 
the  yellow  solution  of  the  octahedral  salt.  [  ?  Did  not  this  yioUt  solution  contain 
osmious  as  well  as  osmic  chloride.] 

Sodio-asmie  chloride,  2NaCL08Cl\  prepared  by  heating  a  mixture  of  sulphide  of 
osmium  and  chloride  of  sodium  in  a  current  of  moist  chlorine,  crystallises  in  orange- 
coloured  rhombic  prisms  an  inch  long,  easily  soluble  in  water  and  in  alcohol    (Glaus.) 

Heztihlmrlde  of  Osmium.  OsCl*  ? — Not  known  in  the  free  state^  but  said  by 
Berzelius  to  be  obtained,  in  combination  with  chloride  of  ammonium,  when  a  sol- 
ution of  osmic  tetioxide  mixed  with  ammonia  is  treated  with  hydrochloric  acid,  mer- 
cury being  also  placed  in  contact  with  it  After  a  few  days  the  liquid  loses  the  odour 
of  osmic  tetroxiae,  and  leaves  the  double  chloride  on  evaporation  in  brown  dendritic 
cry  stab. 

OSMZirMff  ASTSCTXOM  AW  BSTXMATZOV  OV«  All  osmium-com- 
pounds, when  boiled  with  an  excess  of  nitric  acid,  give  off  the  unplessant  pungent 
odour  of  osmic  tetroxide.  By  ignition  in  bydrogen  gas,  they  are  reduced  to  metallic 
osmium,  which  as  well  as  the  lower  oxides,  emits  the  same  odour  when  heated  in  contact 
with  the  air.  Those  which  contain  iridium,  however,  offer  greater  resistance  to  the 
action  of  oxygen  or  oxidising  agents  than  those  which  are  free  from  that  metal.  Such 
compounds  should  first  be  reduced  b^  hydrogen  to  the  state  of  an  alloy  of  osmium  and 
iridium,  in  which  state  small  quantities  of  osmium  are  more  easily  detected  by  oxi- 
dation. 

For  the  reactions  of  osmium  salts  in  solution,  see  pp.  243,  246. 

QunntitaHve  Eetimaiion  and  Separation,  Osmium  is  generally  estimated  in  the 
metallic  state.  The  best  mode  of  separating  it  from  the  metals  with  which  it  is  usually 
accompanied,  is  to  volatilise  it  in  tne  form  of  osmic  tetroxide — ^by  distillation  with 
nitromuriatic  acid,  if  the  compound  be  perfectl^r  soluble  therein,  or  by  roasting  in  a 
stream  of  oxygen — ^receiving  the  vapours  of  osmic  acid  in  a  strens  solution  of  potash ; 
and  to  reduce  the  resulting  salt»  bv  the  addition  of  a  few  drops  of  alcohol,  to  osmite  of 

Sotassinm,  which  is  ins(duble  in  toe  alcoholic  liquor.  The  osmite  of  potassium  is  then 
igested  in  a  cold  solution  of  sal-ammoniac,  whereby  the  compound  2NHH}LN*H^OsO* 
is  produced,  and  the  osmium  reduced  to  the  metallic  state  by  igniting  this  last-men- 
tioned compound  in  a  current  of  hydrogen  gas.    (Fr^my.) 

Another  mode  of  proceeding  is  to  condense  the  add  vapours  evolved  by  distilling  a 
compound  of  osmium  with  nitro-muriatic  acid  in  a  well-cooled  receiver,  and  precipitate 
the  osmium  from  the  solution  by  metallic  mereury.  A  precipitate  is  thereby  obtained 
consisting  of  calomel,  a  pulverulent  amalgam  of  osmium,  and  metallic  mercury  con- 
taining  a  very  small  quantity  of  osmium.  This  mixture  is  heated  in  a  glass  bulb 
through  which  a  stream  of  hydrogen  is  passed,  whereupon  the  mercury  and  its  chloride 
volatinse,  and  metallic  osmium  is  left  in  the  form  of  a  black  powder.  The  liquid,  how- 
ever, still  retains  a  small  quantity  of  osmium,  which  may  be  isolated  by  saturating 
with  ammonia,  evaporating  to  dryness,  and  calcining  the  residue  (Berzelius).  The 
osmium  may  also  he  precipitated  from  the  distilled  liquid  by  sulphydric  acid«  the  sol- 
ution, after  complete  saturation,  being  left  fbr  several  davs  in  a  stoppered  bottle,  till 
the  sulphide  of  osmium  is  completely  deposited.  The  sulphide  is  then  washed,  dried, 
and  weighed ;  but  as  it  is  apt  to  retain  moisture,  and,  moreover,  oxidises  to  a  certain 
extent  in  the  air,  the  metbcxl  is  not  very  exact.  It  is  recommended,  however,  for  the 
estimation  of  small  quantities  of  osmium,  the  method  of  precipitation  by  mercuiy  being 
better  adapted  for  laif;er  quantities. 

The  most  diiBcult  of  all  eomponnds  of  osmium  to  decompose  is  the  native  alloy  of 
osmium  and  iridium,  especially  the  pale  variety.  The  difficulty  arises  in  a  great  mea- 
sure from  the  extreme  hardness  of  tne  mineraL  The  best  method  of  disintegrating  it 
is  that  given  by  Deville  and  Debray,  which  consists  in  ignitiikg  it  with  six  times 
its  wei^^t  of  pure  sine,  till  the  latter  is  completely  volatilised.  The  oemiridinm  is 
then  left  behind  as  a  spongy  mass,  easily  reduced  to  vezy  fine  powder.  The  decom- 
position may  then  be  effected  by  igniting  the  pulverised  mineral  mixed  with  chloride 
of  sodium  in  a  stream  of  cmorine  (Wohler);  or  by  ignition  with  nitrate  and 
hydrate  of  potassium  ( C 1  a  u  s) ;  or  with  chlorate  and  hydrate  of  potassium  (Fritzsche 
and  Struve,  J.  pr.  Chem.  xxxvii.  483);  or  with  peroxide  and  nitrate  of  barium 
(Deville  and  Debray).     See  Ibidium  (iii.  314)  and  Osmibidxum  (iv.  241). 

Atomic  weight  of  Osmium, — ^BeizeliuK  determined  the  atomic  weight  of  this  metal  by 
heating  potassio-osmic  chloride,  2KC1.08C1^  in  a  current  of  hydrogen,  r316d  grm.  of 
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the  i>aU  leaving  0'40l  grm.  KCl  and  0'535  grm.  OBmium;  keuce,  if  KCl  =>  174*5,  we 
find  Ob  -    198-8. 

Different  namben  are  however  obtained  by  comparing  the  original  weight  of  the  salt 
with  that  of  the  chloride  of  potassium  left»  or  with  the  quantity  of  chlorine  given  off 
(0-3805  grm.),  the  zeeult  bemg  in  the  former  case,  Os  ->  198*4 ;  in  the  latter,  Os  -i 
200*32. 

Fr^my  (Ann.  Ch.  Phys.  [3]  xii.  861),  from  experiments  with  oemic  tetroxide,  the 
details  of  which  have  not  been  published,  estimates  the  atomic  weight  of  osmium  at 
199-6. 

The  number  199  may  therefore  be  regarded  as  very  near  the  truth. 

OSMZUKp  OJUn>BS  OF.  Five  oxides  of  osmium  are  known,  namely  OsO, 
Ob«0»,  OsO«,  OsO*,  OsO*.— The  first  three  form  salts  with  acids ;  the  third  appears  also 
to  act  as  a  weak  acid  forming  a  potassium-salt ;  the  fourth  is  also  a  weak  acid  forming 
with  bases  a  few  salts  called  os  mites.  The  tetroxide,  OsO^  is  usoally  regaided  as 
an  acid  and  called  osmie  acid ;  but  its  solutions  in  alkalis  are  veij  unstable  and  do  not 
yield  definite  salts :  hence  it  cannot  be  regarded  as  a  true  acid  oxide. 

Vrotozidey  or  Oamioiui  Oxide.  OsO. — Obtained  in  the  anhydrous  state  by  ignit- 
ing osmious  or  potassio-osmious  sulphite  in  a  stream  of  carbonic  anhydride.  A  blue- 
black  hydrate,  probably  OsHK)',  is  produced  by  heating  osmious  sulphite  with  strong 
potash  solution,  in  a  closed  vesseL  When  recently  prepared  it  forms  wich  hydrochloric 
acid  a  blue  solution  which  however  quickly  becomes  violet,  dark-red,  and  finally  vellow, 
oxidising  in  &ct  as  quickly  as  a  solution  of  a  ferrous  salt  (Glaus).  Beizelius  by 
precipitstinff  potassio-osmious  chloride  with  potash,  obtained  a  greenish-black  hydrate 
which  dissolved  slowly  in  acids,  forming  green  solutions. 

Osmiout  sulphite,  OsSO*,  is  obtained  by  mixing  an  aqueous  solution  of  the  tetroxide . 
with  sulphurous  add.  The  liquid  then  turns  yellow,  red  and  finally  deep  indigo-blue, 
and  when  evaporated  or  heated  with  sulphate  or  carbonate  of  sodium,  deposits  the 
salt  as  a  blue  jelly,  which  easily  oxidises  wkile  moist,  but  forms,  when  dry,  a  very  stable 
powder  of  a  dull  black-bine  colour.  The  salt  is  insoluble  in  water,  but  dissolves  in 
nydrochloric  acid  with  indigo-blue  colour,  cmd  without  evolution  of  sulphurous  anhy- 
dride. It  is  decomposed  by  potash  at  the  boiling  heat,  and  us  resolved  by  heat  into 
sulphide  of  osmium,  osmic  tetroxide  and  sulphurous  acid,  the  two  latter  of  which  how- 
ever easily  reproduce  the  original  salt.     (Glaus.) 
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chloride  heated  with  aqueous  sulphurous  acid  becomes  colourless  and  deposits  this  salt 
as  a  white  pulverulent  precipitate,  which  when  dried  forms  a  light  aystalline  powder 
having  a  tinge  of  rose-colour.  It  dissolves  slightly  in  water,  and  has  a  scarcely  per- 
ceptiUe  lustre ;  decomposes  at  180^,  assuming  a  dingy  violet  colour.  (Glaus,  Ann.  Gh. 
Pharm.  xiii.  3.^5  ) 

Acid  Oentiaue  Sulphite  with  Chloride  of  Potasnum.  6EGL0sS0'.S0*.— Formed 
by  treating  the  lflj>'t-deecribed  salt  with  hydrochloric  add.  It  is  a  brown-red  crystalline 
anhydrous  salt,  very  soluble  and  having  a  sharp  taste.  (Glaus,  Ann.  Oh.  Pharm. 
Ixvii.  375.) 

SeaqniosMe  of  0«intnin»  Os^O*,  is  obtained  by  heating  either  of  the  double 
salts  of  the  trichloride  (p.  244)  with  carbonate  of  sodium  in  a  stream  of  carbonic  anhy- 
drida  It  is  a  black  powder  insoluble  in  adds.  The  hydrate,  0s'O".3H'''0?  obtained 
by  predpitation,  has  a  dirty  brown-red  colour,  is  soluble  in  adds^  but  does  not  yield 
pure  salts. 

IMoxidev  or  QmmiP  Oztde»  OsO*,  is  obtained  as  a  black  insoluble  powder,  by 
heating  potassio-osmic  chloride  (p.  246)  with  carbonate  of  sodium  in  a  stream  of  carbonic 
anbydnde  (Berzelius,  GlausX  or  in  copper-red  metHllic-shining  lumps,  by  heating 
the  corresponding  hydrate.  Oemio  hydrate,  Os0^2H^,  is  obtained  by  raedpitating 
a  solution  of  potassio-osmic  chloride  with  potash,  at  the  boiling  heat  (Berzelius, 
Glaus),  or  in  greater  purity  by  mixing  a  solution  of  potassic  osmite  (K'O.OsO')  with 
dilute  nitric  acid  (Glaus): 

20sO«         «        OsO*     +     OsO*. 

It  IS  then  predpitated  as  a  black  somewhat  ffummy  powder,  which  dries  up  to  lumps 
having  a  oonchoidal  firaeture.    It  is  sparingj^  soluble  in  adds,  and  when  neated,  de 
composes  with  scintillation,  giving  off  osmic  tetroxide  and  hydrogen,  and  leaving  osmio 
oxide : 

20sH*0*        «         OsO«     +     OsO«     +     H*     -I-     2H«0. 
Glaus  supposes  that  there  is  also  another  osmic  hydrate,  OsO*.5H'0,  which  is  soluble  in 
potflflh,  and  is  converted  by  heat  into  the  preceding  hydrate. 

The  anhydrous  oxide  and  the  hydrate  are  both  insoluble  in  adds.    An  oemic  etdphate 
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is  said  to  be  obtained  bv  dissolYiiig  disulphide  of  osmium  in  cold  dilute  nitric  add; 
but  the  only  weU-defined  osmic  salts  known  are  the  doable  salts  of  osmie  chloride  with 
the  chlorides  of  the  alkali-metals  (pi  246). 

A  compound  of  osmic  oxide  with  potaish,  2*0.3080*,  which  may  be  called  hjfpo* 
omniU  ofpotastiumt  is  obtained,  according  to  Eichler  (p.  246)  by  exposing  a  solution  of 
osmic  tetroxide  mixed  with  alcohol  and  excess  of  potash  to  airect  sunshine,  and  treat- 
ing the  black  precipitate  which  separates  after  a  while  with  dDute  nitric  acid. 

TH«xide  of  OsmiiiiD.  Osmiou8  Anhydride.  OsO*. — This  oxide  is  not  known 
in  the  free  state,  but  according  to  Mallett  (SilL  Am.  J.  [2]  xxix.  49),  when  the 
mass  obtained  by  fusing  platinum-residnes  with  8  i^.  saltpetre  is  disdlled  with  strong 
sulphuric  acid,  a  mixture  or  compound  of  the  trioxide  with  the  tetroxide  passes  over 
at  the  beginning  of  the  distillation,  and  condenses  in  yellow  drops  which  slowly  solidify 
to  a  mass  resembling  unbleached  beeswax ;  at  a  later  stage  of  the  process  the  tetroxide 
passes  over  pure. 

0 smite 8,* — OsMO'  or  M*O.0sO*. — ^These  are  salts  obtained  by  the  action  of  re- 
ducing agents  on  osmic  tetroxide  in  presence  of  alkalis. 

Osmite  of  potasnumf  0bK0*.H*0,  is  obtained  as  a  rose-coloured  crystalline  powder 
on  addinff  a  few  drops  ot  alcohol  to  a  solution  of  the  tetroxide  in  caustic  potash  (osmate 
of  potassium)  or  in  octahedral  crystals  of  considerable  sise,  by  mixing  the  same  solu- 
tion with  nitrite  of  potassium  and  leaving  it  to  evaporate  ^owly.  It  may  also  be 
formed  by  dissolving  osmic  oxide  in  the  alkaline  solution  of  the  tetroxide.  It  is  soluble 
in  toateTf  insoluble  in  alcohol  and  ether ^  permanent  in  dry  air,  but  chants  into  osmate 
under  the  influence  of  air  and  water.  Cnlorifu  couTerts  it  into  osmie  oxide  and  osmate 
of  potassium.  It  is  decomposed  by  aeida,  even  by  the  weakest,  osmic  oxide  being  pre- 
cipitated and  osmic  tetroxide  evolved.  Sulphurous  acid  introduced  into  a  solution  of 
this  salt,  previouslv  rendered  alkaline,  throws  down  a  yellow  crystalline  precipitate, 
containing  a  salt  whose  acid  is  formed  of  osmium,  oxygen,  and  sulphur.  Chloride  of 
ammonium  decomposes  osmite  of  potassium,  forming  a  nearly  insoluble  yellow  salt^ 
2NHH^.OsO*N^\  This  compound,  heated  in  a  stream  of  hydrogen,  gives  off  ammonia 
and  sal-ammoniac;  and  leaves  metallic  osmium. 

Osmite  of  sodium  is  prepared  in  the  same  manner  as  osmite  of  potassium,  but  does 
not  ciystallise  so  easily ;  its  solutions  are  rose-coloured.  Osmite  of  ammonium  does  not 
appear  to  exist ;  the  osmites  of  potassium  and  sodium  are  rapidly  reduced  by  ammonia. 

Tetroxide  of  Oemivrnt  commonly  called  Osmic  acid.  OsO^. — ^This  is  the  volatile 
strone-smelling  compound  produced  when  osmium  or  either  of  its  lower  oxides  is 
heated  in  tiie  air  or  treated  with  nitric  or  nitro-muriatic  add.  The  best  mode  of  obtaining 
it  pure,  according  to  Glaus,  is  to  rectify  the  distillate  obtained  by  treating  finely 
divided  oemiridium  with  nitro-muriatic  acid,  using  good  means  of  condensation,  satur- 
ate the  first  third  of  the  new  distillate  with  potash,  and  distil  a  third  time.  Pure 
tetroxide  of  osmium  then  collects  in  the  receiver,  partly  in  concentrated  solution,  partly 
in  large  beautiful  csrystala.  Its  vapour  has  an  intolerably  pungent  odour,  attacks  the 
eyes  strongly  and  psunfuUy,  and  is  excessively  poisonous.  As  an  antidote  to  its  poison- 
ous action  Glaus  recommends  the  inhalation  of  sulphydric  add  gas.  Its  taste  is  acrid 
and  buminff,  but  not  add.  It  softens  like  wax  by  the  heat  of  the  hand,  melts  to  a 
colourless  liquid  condderably  below  100°,  and  boils  at  a  temperature  a  little  above  its 
melting  point  It  is  dissolved  slowly  but  in  considerable  quantity  by  waUr;  the  solu- 
tion has  no  add  reaction.  It  is  dissolved  also  in  alcohol  and  ether^  but  the  solutions  are 
apt  to  decompose  spontaneously,  depodtin^  metallic  osmium.  It  is  a  powerfol  oxidising 
agents  decolorising  indiffo-soltitionf  separating  iodine  fmrn  iodide  of  potassium,  oonvert- 
i^  alcohol  into  aldehyde  and  acetic  add,  and  the  carbohydrates  into  oxalic  and 
carbonic  adds.    Ammonia  decomposes  it  in  the  manner  shown  by  the  equation  : 

80sO*     +     4NH*      «       80sO*     +     N«     +     6BP0. 

If  the  ammonia  is  in  excess,  it  forms  a  base  with  the  osmic  oxide  thus  produced : 

80bO*     +     lONH*       -       8N*H«OsO*     +     N«     +     6BTO. 

If  potash  is  likewise  present,  oemiamate  of  potassium  is  formed: 

60sO«     +     8NH*     +     6KH0       «       8K«N*0s«0»     +     2ff*     +     I5H«0. 

Osmic  tetroxide  dissolves  in  alkalis,  forming  yeUow  or  red  solutions,  which  are  in- 
odiirous  in  the  cold,  bat  when  evaporated  by  heat,  give  off  the  tetroxide  and  leave  solid 
vendues,  regarded  by  Berzelius,  who  however  did  not  analyse  them,  asosmates(«.e. 
compounds  of  the  tetroxide  with  alkaline  oxides)u    But,  aoorading  to  Glaus,  a  solution  of 

*  Claut  dettgnatet  thefe  lalti  «•  <umaU$.  becaoM  Um  mIU  m  CAlled  bjr  Ben^Ha*  do  not  appear  to 
vxtot  in  definite  form,  lite  lolutionc  of  tetroxide  of  osmium  In  allcaMa  bring  alwayi  decomposed  by  erap. 
oration.  But  it  is  scarcely  worth  while  to  alter  the  ordinary  Donenclatttre.ekpecially  as  theosmates 
(salts  of  the  tetroxide)  may  br  supposed  to  ex-^**  in  solultoo. 
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the  tetroxide  in  strong  caustic  potash,  gives  off  when  heated  the  greater  part  of  the 
t«tcoxidA,  while  the  remainder  is  resolved  into  firee  oxygen  and  osmite  of  potassium, 
OsKO*  or  KK>.OsO'.  A  moderately  strong  aqueous  solution  of  osmic  tetroxide  poured 
upon  solid  hydrate  of  potassium,  becomes  heated  and  forms,  without  evolution  of  oxygen, 
a  blood-red  solution  containing  nothing  but  osmite  of  potassium.     (Claus.) 


18  OV.  Osmium  bums  in  sulphur- vapour.  Five  sul- 
phides of  osmium  are  said  to  exists  analogous  to  the  oxides,  the  first  four  being  produced 
by  decomposing  the  corresponding  chlorides  with  sulphydricacid,  and  the  tetrasulphide 
by  passing  sulphydric  acid  gas  into  a  solution  of  the  tetroxide.  It  is  a  sulphur-acid 
perfectly  soluble  in  water,  whereas  the  others  are  sulphur-bases,  slightly  soluble  in 
water,  and  forming  deep  yellow  solutions  (B  e  r  z  e  1  i  u  s).  According  to  C 1  a  u  s  ( Jahresb. 
1859,  p.  264X  a  pure  solution  of  osmic  tetroxide  yields  with  sulphuric  acid  a  precipitate 
containing  less  sulphur  than  the  tetrasulphide,  OsO^ ;  but  the  latter  may  be  obtained 
pure  by  previously  acidulating  the  solution  of  the  teteoxide  with  hydzochloric  acid, 
which  does  not  reiduce  it. 

OBMAUIK*!!  <l  SMS,    AMWOWXACAX.    a.    OsTnio-hcxhydrie  dioxi~dinitridr» 
K'H'OsO'   a   H*0*  C ' — ^^'^  substance  is  obtained  in  combination  with  1  at.  water 

(N*H'OsO*  as  N*H*080*.H'0),  by  the  action  of  ammonia  in  excess  on  ammonio-  orpo- 
tassio-osmic  chloride,  or  more  easily  by  heating  an  aqueous  solution  of  the  tetroxide  with 
ammonia  (p.  246).  It  is  a  brown-black  tasteless  powder,  which  decomposes  with  scin- 
tillation when  heated,  dissolves  in  potash,  less  easily  in  ammonia,  and  slowly  in  acids. 
The  potash-solution  when  heated  gives  off  ammonia  and  deposits  (ammoniacal)  osmic 
hydrate.  The  acid  solutions  are  red-brown,  leave  when  evaporated  uncrystallisable 
basic  salts,  only  partially  soluble  in  water,  and  yield  with  potash  or  ammonia  a  pre- 
cipitate of  the  unaltered  oase.  The  chloride  which  remains  on  evaporating  the  solution 
•of  the  base  in  hydrochloric  add,  is  a  brown- black  brittle  mass  only  partially  soluble  in 
water  and  probably  consisting  of  N'H"OsCl'.xH'0.    (Glaus,  Jahresb.  1863,  p.  303.) 

/3.  Frimy  (Ann.  Ch.  Phys.  [3]  xii.  221),  by  adding  a  cold  solution  of  potassio 
osmite  to  a  solution  of  sal-ammoniac,  obtained  a  yellow  crystalline  precipitate  contain- 
ing, according  to  his  analysis,  N*H>*OsO*Gl^  and  regarded  by  him  as  a  compound  of 
sal-ammoniac  with  oemiamide,  2NH*C1,  N^H^OsO*.  According  to  G  i  b  b  s  ana  G  e  n  t  h 
(Sill.  AoL  J.  [2]  XXV.  248),  it  forms  a  double  salt  with  platinic  chloride,  and  when 
treated  with  various  silver-salts,  yields  corresponding  oxy-salts  which  are  orange-yellow, 
nearly  insoluble  in  cold  water,  more  soluble  in  hot  water,  forming  solutions  which  are 
'easily  decomposed,  with  evolution  of  osmic  tetroxide.  Aceoidiuff  to  Glaus,  Fr^my's 
compound  probably  consists  of  N*H'08G1.HK),  inasmuch  as  it  <3oeely  resembles  die 
ruthenium-compound  of  analogous  composition  (see  Ruthbhiuii).  The  corresponding 
sulphate  treated  with  baryta-water  yields  a  very  unstable  solution  of  a  base  which 
Glaus  supposes  to  contain  osmious  oxide. 

See  Liquids,  Osmosb  of  (iii.  718). 

Syn.  with  Boms-cartilact  (i.  619). 

A  tricakic  phosphate,  Ga'PK)',  found  near  Hanau,  also  at  Ambeig 
in  the  Ersgebirge.  A  specimen  from  the  latter  locality  analysed  by  Gorup-Besanes 
(Ann.  Gh.  Pharaa.  Ixxxix.  221)  gave  42'00  per  cent,  phosphoric  anhydride,  48*16  lime, 
4*97  silica,  1*56  ferric  oxide,  0*75  magnesia,  0*04  potash,  0*02  soda,  2*21  carbonic 
anhydride,  and  1*31  water  (  »  101*02).  It  is  probably  an  apatite  which  has  lost  its 
fluorine  and  chlorine.  It  has  a  compact  texture,  like  lithographic  stone,  or  else  is 
earthy  and  adheres  to  the  tongue.  Speciflc  gravity  »  2*89.  (Bromeis,  Ann.  Gh. 
Pharm.  Ixxix.  1.) 

A  greyish-brown  zircon  firom  Brevig  in  Norway. 

A  name  of  earthy  limestone. 

(contraction  of  Ox-ethyl).       The  name  given  by  Williamson  to  the 
acid  radicle  G'H'O,  commonly  called  acetyl,    (See  KoiqENCLA.TUSB,  p.  132.) 

OTOBA^r  AT.  Obtained  from  the  fruit  of  Hfyristiea  otoba.  It  is  nearly  colour- 
less, buttery,  smells  like  nutmeg  when  fresh,  disagreeably  in  the  melted  state.  Helts 
at  35^.  Gontains  myristin,  olein,  and  otobite.  (tfricoechea,  Ann.  Gh.  Pharm.  xd. 
369.) 

Ofoftt^— When  otoba-fat  is  saponified  and  the  soap  is  treated  with  alcoholic  acetate 
of  magnesium,  a  precipitate  is  formed  containing  otobite  and  myristio  acid;  and  on 
dissolving  out  the  latter  with  alcohol,  the  otobite  remains  and  may  be  puzifieid  by  re- 
crystallisation  from  hot  alcohol  or  ether.  It  forms  large  colourless  prisms  having  a 
Creasy  lustre,  tasteless  and  inodorous,  melting  at  133°,  and  solidifying  in  the  eiystallioe, 
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or  if  more  itrongly  heated,  in  the  amorphous  state.  It  is  not  Toktile,  but  creeps  up 
the  sidM  of  the  tube  when  heated.  Contains  on  the  average  7302  C,  6*40  H,  and  20*68 
O,  agreeing  nearly  with  the  formula  C^H'H)*.    (Uricoechea.) 

OTTBSlaZTB,  A  silicate  of  micaceous  stractnre  ocenning  at  Ottrez,  near  Stavelot, 
on  the  borders  of  Belgium  and  Luxembourg,  in  small  shining  scales  or  pJAteu  dissem- 
inated through  the  gangue.  Specific  graTitj  »  4*4.  ScratSies  elass  with  difficulty, 
has  a  blackish,  ffreenish-grey  or  black  colour,  and  pale  green  streak.  Before  the  blow- 
pipe it  fuses  wiui  difficulty  to  a  black  magnetic  globule,  and  gires  with  fluxes  the  re- 
actions of  iron  and  manganese.  Contains  43*84  per  cent,  silica,  24*63  alumina,  16*72 
ferrous  oxide,  8*18  manganous  oxide,  and  6*66  water  ('  —  98*68)  agreeing  approxi- 
mately with  the  formula  3(Fe;  Mn^SiCAi^SiK)". 

Phyllite  {q.  v.)  fix>m  Sterling,  Massachussetts,  is  regarded  by  Dana  as  identical  with 
ottrelite,  but  the  uialyses  of  the  two  minerals  differ  considerably. 

OWAKOVITBi  lime-chrome  garnet  from  Bisserak  in  the  Ural  (See  Gasmst, 
ii.  772.) 

OWA&JL  or  Opoekala,  A  le^^uminous  plant  growing  on  the  Gaboon  and  near  Fer- 
nando Po,  the  seMs  of  which  yield  a  fat  oD.  (Arnaudop,  J.  Pharm.  [3]  xxxrii. 
404.) 

OWWITB.    Thuxingite  from  the  Potomac    (See  Thubinoits.) 

«(C"H«)" 
OJLABBWXIBIBa.     C"H>«NH)«    -    N*]  (C*0*)".— A  substance  obtained  by 

^       H» 

heating  oxalate  of  benridine.  C^'BP'N'.CHK)*  «  2HK)  -  C"H"N*0».  It  is  pul- 
▼erulent,  quite  insoluble  in  water,  alcohol,  ether,  dilute  acids,  and  alkalis,  and  is  re- 
solved  by  strong  potash  into  oxalic  add  and  biansidine.  (Borodin e,  Zeitschr.  Ch. 
PharuL  1860,  p.  533.) 

OJLAOAJbOZTBi    Native  oxalate  of  ealdum  (p.  266). 

OZAOBTXO  AOXD.    Syn.  with  Gltoouic  Acid. 

OZA&ACarzc  ACIB.  a  name  applied  by  Dumas  and  Piria  (Ann.  Ch.  Phya. 
[3]  T.  363)  to  tartaric  add,  from  a  peculiar  view  which  they  held  of  its  constitution. 

OXA&ASr.    Syn.  with  OxAi.i7iiAMn>B  (jr.  v.), 

OXASJkvmr.  C^«NK>*.  (Limpricht,  Ann.  Ch.  Pharm.  czL  133.>-A  body 
produced  by  the  action  of  nascent  hydrogen  on  parabanic  add: 

2C^*N«0«     +     H»        -        C^«N«0*.H»0; 
Fftrabaaic  acid.  Oxalantin. 

it  is  related  to  parabanic  add  in  the  same  manner  as  aUoxantin  CH*N*0\  to  alloxan 
C*H«N«0«. 

It  is  obtained  in  the  form  of  a  Eino-compound  by  the  action  of  sine  and  hydroehlorie 
add  on  parabanic  add ;  on  treating  the  crystalline  powder  thus  produced  with  sul- 
phydric  add,  and  evaporating  the  filtrate,  oxalantin  is  obtained  in  hard  white  crusts, 
Laving  when  dried  at  100°,  the  composition  C'H^K)*.H'0.  It  is  sparinffly  soluble  in 
water,  nearly  insoluble  in  alcohol  and  ether;  the  aaueous  solution  has  a  sught  acid  re- 
action. It  IS  not  oxidised  by  nitric  add  or  peroxiae  of  lead  at  the  boilii^r  heat,  but 
when  its  aqueous  solution  is  heated  with  mercuric  oxide  or  silver-nitrats  and  ammonia 
IS  added,  reduction  takes  place  immediatelv.  Oxalantin  dissolves  easily  in  alkalis  and 
alkaline  carbonates,  with  eifervesoenoe  in  the  latter  case.  The  solutions  when  evapo- 
rated appear  to  contain  oxaluric  add. 


OXAUC  AOIB. 


C«H»0*  -  ^^7|0*.  OxaUdure.  Klusaure,  SautrkleuSnre. 


aqueous  distillate,  by  heating  salt  of  sorrel.  Scheele  first  prepared  it  from  salt  of 
sorrel  by  means  of  basic  acetate  of  lead,  and  showed  that  the  add  thus  obtained  was 
identical  with  the  aeid  o/suffor  previouslv  prepared  from  sugar  and  nitric  add,. and 
investigated  by  Bergman.  Its  composition  was  established  by  Dulong,  Dober- 
einer,  and  Bercelius.  (For  the  literature  relating  to  it^  see  Gmdin*a  Bandbook, 
ix.  111.) 

O00urrf9Mi0.-^Oxalic  add  occurs  very  frequently  in  living  plants ;  as  a  potassium-salt 
in  various  spedes  of  Swmex  and  Oxahs;  as  a  sodium-salt  in  most  spedes  of  SaUoia 
and  Salioomia^  plants  growing  in  salt-marshes ;  as  a  caldum-salt  in  a  great  number  of 
plants,  in  the  root,  bark,  leavps,  &c.,  being  often  found  in  the  cells  in  the  form  of 
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tmall  cnrstalB,  the  ao-called  rapkides.  Many  lichens  are  very  rich  in  oxalate  of  cal- 
einm.  Ferrone  oxalate  occors  m  deposits  of  lignite.  The  free  acid  (hjdric  oxalate)  is 
fonnd  in  Boletus  igniarius,  and,  according  to  some  statements,  in  the  juice  of  the  chick- 
pea. Oxalate  of  <»lcinm  is  also  of  frequent  ooenrrence  in  the  animal  body,  being  found 
in  urine,  urinary  deposits^  and  calculi ;  in  the  allantoic  liquid  of  the  cow ;  in  the  mucus 
of  the  gall-bladder  of  men,  oxen,  dogs,  rabbits^  and  pikes ;  and  in  the  MaJpighian  yes- 
sels  of  the  caterpillar  of  Sphinx  Ckmwlvuli. 

Formation, — 1.  Oxalic  acid  is  a  very  finquent  product  of  the  oxidation  of  other  or- 
ganic compounds,  being  in  feict  the  most  highly  oxidised  of  all  carbon-compounds 
except  carbonic  anhydride.  Some  compounds,  namely  alcohol  CHH),  glycol  C^H'O', 
and  glycoUic  add  (f'HK)*,  are  converte^into  oxalic  add  by  a  comparatively  simple 
process  of  oxidation;  but  in  most  cases  the  reaction  is  more  complex,  resulUng  in  a 
complete  breaking  up  of  the  molecule.  In  this  manner  oxalic  add  is  produced  in 
neat  abundance  from  the  more  highly  carbonised  organic  substances,  such  as  the  car- 
bohydrates, suflar,  starch,  cellulose,  &c ;  a.  by  the  action  of  nitric  add ;  iS.  by  fbnon 
with  caustic  aScalis.  It  is  also  produced  in  considerable  quantity  by  the  action  of 
moist  chlorine  or  ehlcrane-water  on  uric  add. — 2.  Aa  an  ammonium-salt,  together  with 
other  products^  in  the  deoomposition  of  cyanogen  by  water : 

0*N»     +     4HH)       -       0«(NH*)*0*. 

3.  As  a  potassium-salt  by  heating  potasnc  formate  with  excess  of  potassic  hydrate,  tha 
action  being  attended  with  cTolution  of  hydrogen : 

2CHK0»      -      C«K«0*     +     H«. 

4.  It  IB  also  found  among  the  secondary  products  obtained  in  the  preparation  of  potas* 
dam  by  heating  potasdc  carbonate  with  charooaL 

Pnparation. — 1.  "ETom  Jeid  Oxalate  of  Potasnum  (salt  of  sorrel)  by  predpitating  the 
solution  of  the  salt  with  acetate  of  lead,  and  deoompodng  the  predpitated  oxalate  of 
lead  with  sulphuric  or  sulphydric  add.  This  is  the  oldest  mode  of  preparation,  but  it 
has  giren  plMe  to  the  followiug  more  productive  methods. 

2.  From  Sugar. — I  pt.  of  loaf-sugar  is  heated  with  8  pts.  of  nitric  add  of  spedfio 
gravity  1*88  ultimately  to  the  boiling  point,  and  the  solution  is  evaporated  down  to 
one-sixth ;  it  then  on  cooling  depcdts  white  crystals  of  oxalic'  add.  It  is  important  in 
this  process  to  use  a  suffident  quantity  of  nitric  add,  as  the  mother-liquor  then  crys- 
tallises in  the  form  of  oxalic  add,  down  to  the  last  drop ;  but  if  less  nitric  add  has 
been  added,  saccharic  add  and  other  intermediate  products  remain  in  the  mother- 
li(^uor,  which  then  becomes  yellow  and  brown  on  evaporation.  The  crystals  of  oxalic 
aad  may  be  purified  from  sohering  mother-liquor  by  recrystallising  them  from  WMter 
containing  a  little  nitric  add,  then  draining  them  on  a  ftinnel,  washing  with  a  little 
cold  water,  and  drym^  between  bibulous  paper  at  a  medium  temperatnro.  Oxalic 
add  prepared  with  nitnc  add  is  often  contaminated  with  the  latter,  which  mav  however 
be  removed  by  allowing  the  crystals  to  effloresce  in  warm  air,  then  recrystallising  from 

-  hot  water,  sgain  leaving  them  to  effloresce,  and  recrystallising.     (Berzelius.) 

Moist  sugar,  treade,  starch-susMr  or  starch  may  also  be  us^  instead  of  loaf-sugar  for 
the  preparation  of  oxalic  add.  The  nitrous  fumes  evolved  in  the  process  may  be  util- 
ised for  the  manu£BCturo  of  sulphuric  add ;  or  they  may  be  reconverted  into  nitric  acid 
by  the  action  of  air  and  water.  (For  a  description  of  the  manufacture  of  oxalic  add  on 
the  large  scale,  and  of  several  patented  processes  for  utilising  the  nitrous  fiimes,  see 
Ur^sJHetionary  qf  Arts^  ^  iv.  367.  also  BieAardson  and  WotUfs  Chomical  Technology, 
vol.  i.  pL  6.) 

3.  ^rom  Starch,  CeUviote  and  other  Orgamo  substances  hy  fusion  with  alhaUne  hydrates. 
— ^When  100  pts.  of  starch,  sawdust^  straw,  hay,  bran,  tobacco-cuttings,  &c.,  is  mixed 
with  a  solution  of  about  300  pts.  hydrate  of  potassium,  the  liquid  evaporated,  and  the 
residue  headed  to  200^ — 260^  for  four  or  five  hours,  a  quantity  of  oxalic  add  is  obtained 
amounting  to  between  100  and  160  pts.  of  the  crystallised  add.  When  soda  is  used 
instead  of  potash,  the  product  is  much  less ;  but  with  a  mixture  of  1  pt.  hydrate  of 
sodium  to  2  pts.  hydrate  of  potassium,  it  is  somewhat  greater  than  with  potash  alone 
(Possos,  Compt.  rond.  xlvu.  207,  648).  A  process  founded  on  this  reaction  has  been 
patented  by  Messrs.  Roberts  Pale  and  Pritchard  of  Manchester,  who  propare 
oxalic  add  on  a  oondderable  scale  by  heating  sawdust  with  a  mixture  of  potassic  and 
sodic  hydrates.  On  treating  the  product  with  a  small  quantity  of  water,  sodic  oxalate 
alone  remains  undissolved.  This  salt  is  converted  into  calcic  oxalate  by  treatment 
with  chloride  of  caldum ;  the  calcic  oxalate  is  decomposed  by  dilute  sulphuric  add ; 
and  the  ooaHc  add  is  left  to  crystallise  fiom  the  filtrate  by  cooling.  (Chstnutal  Techno- 
logy,  loc  dt) 

Profterties. — Oxalic  adderrstallises  easily  in  large  transparent  colourless  crystals, 
containing  2  at  water :  G^'0^.2HH).    They  belong  to  the  monodinic  system,  usually 
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exhibiting  the  combination  ooP.  oF.   +  Poo .  —  Poo .  [Pao  ].     Patio  uf  tires,  a:  b:  g 

-  0-590  :  1  :  1  969.     Angle  b:e  -   73°  48' ;   ooP  :  ooP  «  116-^  62';  ooP  :  +  Poo 

-  117^  2' ;  -  Poo    :  oP  -  129®  20';  -  Poo   :+  Poo    »    127°  16';   +  Poo  : 
oP  ->  103^24';  a»P:[PQo]   -  140<)  19'.  The  crystals  are  asually  prismatically  elon- 

rrfed  in  the  direction  of  the  orthodiagonal.  (Brooke,  Ann.  Phil  xziL  19. — De  la 
roYOBtaye,  Ann.  Ch.  Phys.  [3]  It.  453. — Rammelsber^  I*<>8S*  Ann.  xciii  24.) 
Oxalic  acid  is  very  soluble  in  toater  and  in  aleokol,  dissolving  in  15*5  pts.  water  at 
lO^',  in  9*5  pts.  at  13-9°  and  in  a  very  small  quantity  at  100°  (T  urn  er).  The  solution 
is  strongly  acid  and  very  poisonous,  reddens  litmus,  and  decomposes  carbonates  with 
effervescence.  Oxalic  acid  contaminated  with  nitric  acid  dissolves  in  2  pts.  of  cold 
water  (Berselius).    (See  Airther  Storer^s  l^Honary  of  Solubilities,  p.  419.) 

Crystallised  oxalic  add  melts  at  about  98°  in  its  water  of  crystallisation ;  on  4X»- 
tinned  heating  part  of  it  sublimes  as  dry  oxalic  add,  CHK)*,  while  the  greater  part 
suffers  decomposition.  It  also  gradually  gives  off  its  water  over  oil  of  vitriol  at  20°, 
being  completely  dehvdrated  in  the  course  of  a  few  weeks  (Erdmann,  J.  pr.  Chem. 
Ixxxv.  213^.  Aocordmgto  Bodeker  (Jahresb.  1860,  p.  17)^  the  specific  gravity  of  the 
crystallised  add  is  1'6S ;  of  the  sublimed  add  2*0.  The  add  dziel  at  100°  sublimes 
at  165°  in  slender  white  needles,  ^lart  of  it  however  being  decomposed,  and  in  greater 
proportion  as  the  temperature  is  higher. 

DecompotiHons,—!.  Oxalic  acid  Ib  resolved  by  heat  into  carbonic  anhydride  and 
formic  add,  part  of  the  latter  being  further  resolved  into  carbonic  oxide  and  water : 

C«H«0*       -       C0«     +     CH«0* 
CH«0*       «       CO«     +     CO     +     H«0. 

Tt»  same  decomposition  UJeos  place  when  the  add  is  heated  with  platinum-monffe, 
pumiee  or  sand.  When  oxalic  acid  is  heated  with  an  equsl  weight  of  glycerin,  oecom* 
position  takes  place  at  about  100°,  carbonic  anhydride  being  evolved,  and  the  residue, 
probably  a  compound  of  formic  add  with  glycerin,  yields  formic  add  by  distillation 
with  water  (ii.  686). 

2.  Oxalic  add  heated  with  dehydrating  suhstanoes,  such  as  concentrated  stdphurie 
or  phospkorio  acid,  is  resolved  into  water  and  equal  volumes  of  carbonic  oxide  and  car- 
bonic anhydride : 

C«BPO«      -       H«0     4.     CO     +     C0«. 

3.  An  analogous  decomposition  is  produced  by  pentaehlortde  of  phosphorus,  the 
products  being  carbonic  oxide,  carbonic  anhydride,  hydrochloric  add  and  oxychloride 
of  phosphorus : 

c«H«o*   +   pa»     -     CO    +    co«   +    2Ha   +   poa«. 

As  this  and  the  preceding  reaction,  when  applied  to  other  dibasic  adds,  yield  the  cor- 
responding anhydrides  (i.  52),  and  as  moreover  the  reaction  with  pentachloride  of 
phosphorus  takes  place  in  ttcactly  the  same  manner  when  the  two  bodies  are  brought 
together  in  strong^  cooled  ether  or  sulphide  of  carbon  (Kekuli),  it  appears  probable 
that  the  anhydride  of  oxalic  add,  CO',  is  unable  to  exist  under  any  conditions  that  wo 
are  able  to  command. 

4.  Trichloride  of  phosphorus  acts  on  the  dry  add  in  the  same  manner  as  the 
pentachloride ;  with  crystallised  oxalic  add,  however,  it  yields  crystallisable  phosphorous 
add  (Hurtzig  and  Oeuther,  Ann.  Ch.  Pharm.  cxi.  170): 

C«H*0*.2H«0     +     PCI*      =      CO     +     CO*     +     3Ha     +     PH«0«. 

5.  Oxalic  add  is  not  readily  attacked  bv  nitric  add;  it  may  indeed  be  crystalHsed 
from  hot  nitric  add ;  by  continued  boiling  therewith  however  it  is  slowly  oxidised, 
yielding  water  and  carbonic  anhydride. 

6.  By  other  oxidising  agents,  oxalic  add  is  easily  resolved  into  carbonic  anhydride 
and  water.  Thus  it  is  oxidised  slowly  by  the  osygen  of  the  air  in  preeenoe  of  platinum 
black ;  quickly  hy  peroxide  of  lead  or  peroxide  of  manganese  in  presence  of  an  add :  e.  g. 

CH'O*     +     MnO«     +     H«SO*      -=      2C0«     +     2H«0     +     MnSO*. 

On  this  reaction  ii  founded  a  convenient  method  of  valuation  of  commerdal  oxide  of 
manganese  (iii.  814).  When  these  peroxides  act  on  aqueous  oxalic  acid,  the  products 
are  carbonic  anhydride  and  a  metallic  oxalate,  s.  g, 

2C*HK)«     +     MnO       -       2C0«     +     H*0     +     C*MnO*. 
When  4  pts.  of  dried  oxalic  add  are  triturated  with  21  pts.  peroxide  of  lead,  the  mass 
becomes  incandescent    Oxalic  add  is  likewise  rapidly  oxidised  by  potasde  perman- 
ganate, ckromie  acid  and  tfonadic  add. 

7.  Chiorme  does  not  act  on  dry  oxalic  add ;  but  in  presence  of  water,  decompodtioii 
quickly  takes  place,  thus : 

C«H»0«     +     Cl«      -      2C0«     +     2HCI. 
A  similar  reaction  is  produced  by  bromine,  hypochlorous  add,  and  the  chlorides  of  easily 
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rtducibU  metals,  Henco  oxalic  acid  precipitates  metallic  gold  from  aurie  chloride^  espe- 
cially on  boiling ;  also  metallic  plAtinum  from  platinic  chloride^  but  only  under  the 
influence  of  direct  sunshine.  With  mgrcurie  eklonde,  oxalate  of  ammonium  quickly  forms 
mercurous  chloride. 

&  PotoMtum  and  sodium  heated  with  dry  oxalic  add,  decompose  it  with  incandesoencei, 
charcoal  being  separated  and  hydrogen  evolved. 

9.  When  oxalic  acid  is  heated  with  excess  of  potassio  or  barytie  hydrate,  hydrogen 
is  eTolTed  and  a  carbonate  is  formed :  e.  g, 

C»H*0«     +     2KH0       -       2KHC0"     +     H«. 

10.  Nascent  hydrogen,  evolved  by  the  action  of  sodium-amalgam  on  water,  or  of 
anc  on  dilute  sulphuric  acid,  converts  oxalic  into  glyoxy lie  acid:  CH'-'O*  +  H' 
-.  C*H«0».HK).    (Church,  u.  922.) 

OzAlates.  Oxalic  acid  is  dibasi^yieldingwith  monatomic  metals,  neutral  salts 
containing  0'M'0\  and  acid  salts  G'HMO^  WiUi  potassium  and  anunonimn  it  like- 
wise forms  hyper-acid  salts,  «.  y.  C«HKO^C«H»0*,  or  C«H»KO».  With  most  diatomic 
met«ls  it  forms  only  one  salt;  with  barium  and  strontium,  however,  it  forms  acid  salts 
analogous  to  the  hyperacid  oxalates  of  the  alkali-metals.  It  also  forms  numerous  well- 
crystallised  double  salts.  It  is  one  of  the  strongest  adds,  decomposing  dry  chloride 
of  sodium  when  heated,  with  evolution  of  hydrcMchlorie  add,  and  conveitisg  chloride 
or  nitrate  of  sodium  in  aqueous  solution  into  add  oxalate. 

The  oxalates  of  the  alkali-metals  are  soluble  in  water,  the  rest  axe  for  the  most  part 
insoluble  in  water,  but  soluble  in  dilute  aeids. 

All  A-^'!^ftt««'  are  decomposed  by  heai.  The  oxalates  of  the  alkali-metals,  and  also  of 
the  alluJine  earth-metals,  if  not  too  strongly  heated,  give  off  carbonic  oxide,  and 
leave  carbonates,  while  the  oxalates  of  those  metals  whose'  carbonates- are  decomposed 
by  heat  (dnc  and  magnesium  for  exam^e)  give  off  carbonic  oxide  and  carbonic 
anhydride  and  leave  metallic  oxides.  The  oxalates  of  the  more  easilv  redudble 
metals  (sflver,  copper,  &c)  give  off  carbonic  anhydride  and  leave  the  metal ;  the  lead- 
salt  leaves  snboxidB  o^  lead,  and  gives  off  3  voL  carbonic  anhydride  to  1  vd.  carbonic 
oxide: 

20^b''O*     -    PbK)  +  8C0«  +  CO. 

Oxalates  heated  with  sulphuric  add  give  off  carbonic  oxide  and  carbonic  anhydride, 
and  leave  a  reddne  of  sulphate.  In  this  case,  as  well  as  in  the  decomposition  by  heat 
alone,  no  separation  of  carbon  takes  place^  and  consequentlv  the  residue  does  not 
blacken ;  this  character  distinguishes  the  oxalates  fiom  Uie  salts  of  all  other  carbon- 
adds. 

Oxalic  add  and  the  soluble  oxalates  give  with  chloride  of  calcium  a  predpitate  of 
caldc  oxalate,  insoluble  in  water  and  in  acetic  add,  but  soluble  in  hydrochloric  and 
nitric  add.  This  reaction  affords  a  very  delicate  test  for  the  presence  of  oxalic  add : 
the  insolubility  of  the  predpitated  oxalate  in  acetic  add  distinguishes  it  at  once  £rom 
the  phorohate. 

I^edpitation  with  soluble  caldum-salts  serves  also  for  the  quantitative  estimation  of 
oxalic  acid,  the  predpitate  being  c<Hiverted  at  a  low  red  heat  into  carbonate  C*Ca''0*, 
100  pts.  of  which  are  equivalent  to  128  pts.  caldc  oxalate  CCa''0*,  90  pts.  diy  oxalic 
add  (?BH}\  or  126  pts.  of  the  ciystalliBed  add  C'H*0*.2HS0.  The  carbon  and 
hydrogen  in  oxalates  may  also  be  estimated  by  combustion  with  oxide  of  copper. 

The  composition  and  properties  of  the  oxalates  have  been  made  the  subject  of 
numerous  researches,  especially  by  Berzelins,  and  more  recently  by  Rammelsberg 
(Pogg.  Ann.  xciii  24)  and  Souchay  and  Lenssen  (Ann.  Ch.  Phann.  xcix.  31; 
0.  308 ;  dL  SiS  and  41 ;  dii.  808 ;  cv.  246;  Jahiesb.  1856,  446 ;  1867,  p.  289;  1868, 
p.  243). 

OzALA-TB  OF  Aluximivv. — ^A  solution  of  alumina  in  oxalic  add  leaves  on  eva- 
poration an  amorphous  transparent  mass,  which  has  a  sweetish  astringent  taste,  reddens 
litmus^  deliquesces  in  the  air,  and  sweUs  up  when  heated. 

Sodio-^wmmue  Oxalate,  il«O*.2Na*O.4CH)'.10H*O  or  ^^^* 

Al«.Na*  . 

duced  whctn  an  excess  of  basic  sulphate  of  alxmiinium  (obtained  by  ptedpitating  alum 
with  excess  of  sodic  carbonate)  is  boiled  for  a  lon|^  time  with  a  solution  containing 
1  at.  sodic  carbonate  to  8  at.  oxalie  add.  The  liquid  if  left  to  itself,  for  some  months  de- 
|K»]ts  the  double  salt  in  rhombic  crystals,  pennanent  in  the  air,  And  roaringly  soluble 
m  water  with  separation  cf  alumina  or  bade  salt.  (Lenssen  ana  Lo  wen  thai, 
J.  pr.  Chem.  bucm.  814.) 

Oxalates  of  Akmoniuil— o.  y«<<ra^  «af/,C^NH«)«0*.HH).— This  salt  has  been 
found  in  guano.    It  is  obtained  by  saturating  oxalic  acid  with  ammonia  or  itA  carbo- 


C.IOHK),  is  pro- 
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Date,  and  crysUUiflfW  in  colourless  rhombic  priams  generally  exhibiting  the  combination 
ooP  .  oP  .  odPqo  2Poo  .  JP.  lUtio  of  axes,  a:  b:c  =  0-7837  :  1  :  0-3711.  Angle 
odP:  odP  «  76«10';  ooP :  oopoo  «  128°  6';  oP  :  iP  -  148^65';  2poo  :  oP  « 
143«>  26' ;  2Poo  :  JP  -  161«>30'.  The  ctystals  are  partly  hemihedral,  only  two  of  the 
fbnr  fiices  JP  being  present  at  each  end.  One  of  the  fiices  JPoo  and  the  a<^aceiit 
face  2Poo  are  usually  of  larger  dimensions  than  the  posterior  faces  at  the  same  end ; 
moreover  the  crystals  are  often  flattened,  two  of  the  prismatic  fkces  ooP  then  disap- 
pearing (De  la  Provostaye,  Ann.  Ch.  Phys.  f3|  iv.  464.— Brooke,  Ann.  Phil. 
xxiL  374).  The  crystals  effloresce  in  warm  air,  giving  off  1  at  water.  They  dissolve 
in  3  pts.  of  cold  water,  but  according  to  Heints  (J.  pr.  Chem.  Ixxxvii.  309)  are 
much  less  soluble  in  water  containing  ammoniacal  salts,  so  that  the  salt  is  precipitated 
Irom  a  moderately  strong  solution  on  addition  of  chloride  or  acetate  of  ammonium. 
The  salt  is  decomposed  by  dry  distillation,  yielding  oxamide  and  other  products 

0.AcidOxalate,m-oxaUte,OTBuoxalate,&K(lfn*YyM'O,—Pndnced 
solution  of  the  neutznlnMilt  with  oxalic  acid,  or  with  any  other  acid,  such  as  sulphuric, 
hydrochloric,  or  nitrio^  It_^ ciystallises  in  rhombic  prisms,  usually  exhibiting  the  com- 
bination ooP  :  ^00  .  P2  .  Poo ,  with  the  terminal  &ces  oP,  oof  oo  and  oo^oo .  Ratio 
of  axes,  a:  b:c  ^  0*4638  :  1 :  0*6693.  Angle  ooP  :  <x>f  oo  «  114<»  23'  •  l^ao  *  oP  » 
1600  47';  00^00  :  ooP  -  166^87';  oP  :  »too  «.  90°;  oP :  oof»oo  -  90°;  ^oo  : 
odPoo  -  119<>  18';  oP :  Poo  »  129®  1';  P2  :  ?«  -  161o  42';  P2:  oP  =  U(P  13'. 
This  salt  has  an  acid  reaction,  and  is  less  soluble  in  water  than  the  neutral  oxakte.  It 
is  resolved  by  heat  into  oxamide  and  oxamic  acid. 

Hmracia  Oxalate,  Tttroxalate  or  Quadroxalate,  C*H(NH*)0*.(>H*0*.2H'0  or 
C*H"(NH«)0*.1P0.— ObUined  by  crystallising  a  mixture  of  equal  parts  of  the  preceding 
salt  and  oxalic  acid.  It  crystallises  in  tridinic  prisms  isomorphous  with  the  hyper- 
acid potassium-salt^  and  having  a  specific  gravity  of  1*607  (Schif  f).  The  crystals 
effloresce  at  100°,  giving  off  16*4  per  cent  =  2  at  water.  They  are  veiy  soluble  in 
warm  water. 

OxiXATB    or   AimKONT,    Sb*0*.C*0«.2H*0    or   2[C«b"'H"0".Sl)*0«].8H«0     » 

^r  g.        I  O'TSHK).— This  salt  is  prepared  by  boiling  antimonious  chloride  or  the 

oxychloride  (algaroth-powder)  with  oxalic  add  (P^ligot),  or  by  mixing  a  saturated 
aqueous  solution  of  oxalic  add  with  a  solution  of  trichloride  of  antimony  in  hydrochloric 
add  fSoucha^  and  Lenssen);  it  then  separates  in  the  course  of  24  hours  as  a 
granular  predpitate.  It  gives  off  1  at  water  at  100^  and  begins  to  decompose  at  220<*. 
(Souchay  and  Lenssen.) 

Ammonto-awUmonic  Oxalate,  C«Sb'"(NH*)K)».2HH).— Obtained  by  mixing  a 
solution  of  antimonious  oxide  in  add  oxalate  of  ammonium,  first  with  a  small  quantity 
of  absolute  alcohol  (which  throws  down  add  oxalate  of  ammonium),  then,  aft-er  filter 
ing,  with  about  three  times  its  volume  of  absolute  alcohol  (Souchay  and  Lenssen). 
It  forms  rhombic  prisms  exhibiting  the  combination  oP .  P  •  2P .  od^qd  Axes  a  •  A  •  « 
-  0*3716  :  1 :  0-6806.    (Rammelsberg.)  '        *«  »  •  ^^  •  «^ 

PoUueio-anUnumic  Oxalate.    C«Sb''^»0".6HK).— Obtained  by  dissolving  antimo- 
nious oxide  in  a  hot  concentrated  solution  of  add  oxalate  of  potasdum.    The  filtrate 
as  it  cools,  deposits  nodular  crystals  of  the  salt,  which  dissolve  without  decompod- 
tion  in  water,  but  are  decomposed  by  mineral  acids,  with  separation  of  oxalic  add 
or  of  bade  oxalate  of  antimony.     Gives  off  3  at.  water  at  100°  (Souchay  and 
Lenssen).    According  to  Bammebberg,  the  salt  prepared  as  above  forms  monodinie 
crystals  containing  2OSb''K"0".3HH).    Ordinary  combination    ooP  .   ooPoo  .  oP 
[ooPoo].    Ratio  of  axes,  a:  ft:  c:   -  1*2364:1:0*6472.     Angle  of  inclined  axes  « 
69°  36 ;    ooP  :  ooP  in  the  clinodiaffonal principal  section   -   105°  40';  TPoo  1  *  FPoo  1 
in  the  same  -   184°  66';  oP :  ooP  «  106°  8'  (Rammelsberg).      On  diwblving 
this  salt  in  water,  part  of  it  decomposes,  with  sepaniticm  of  oxide  of  antimony   while 
the  rest  dissolves  without  alteration,  and  separates  after  awhile  in  lanro  crystals 
containing  2C^"'K»0'«.9H'0.     These  crystals  are  rhombic,  generally  exhibiting  the 
oombmation  ooP  .  Poo .  Poo .  ooPoo .    Ratio  of  axes,  a:b:o  -  0*6908  •  1  •  1-14163 
^^•oo"^Ju*^^T  «r40';  f  00  :  too  (basal)   =  97°  48';  Poo  :  t*    (basal)  J 
1 19<>  23 .    The  mother-liquop  of  this  salt  deposits,  besides  acid  and  hyperaad  oxalata 
of  potasdum,  a  few  czystaJs  of  a  double  salt  belonging  to  the  tridinic  system.    (Ram- 
melsberg.) ^ 

Sodiih-antimomo  Oxalate.  C«b'Tia«0".C«Na*OMOH«0.— Prepared  like  the  potae- 
Slum-salt  Forms  distinct  highly  lustrous  crystals,  which  give  off  half  thdr  wat«r 
when  heated  for  some  time  to  100°.  Dissolves  without  decomposition  in  water  either 
hot  or  cold,  but  is  decomposed  by  mineral  acids.  Sparingly  soluble  in  alcohol,  insoluble 
m  ether.    (Souchay  and  Lenssen.) 
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OxALATss  OF  AssBKia  PotosHo^ttenious  oxalate,  C*A8''K*0'*.3KO? — 
Deposited  in  smdi  hard  glassy  cxystals  fix>m  a  hot  solation  of  anenious  oxide  in  aqueous 
acid  oxaUte  of  potassium.    (Souchay  uid  Lenssen.) 

OxALATBS  OF  Babiuic  The  neutral  salt,  C*Ba''012HK),  is  precipitated  as  a 
white  powder  on  mixing  oxalic  acid  with  excess  of  baiyta-water,  or  by  precipitating 
the  neutral  potassiam-Mlt  with  chloride  of  bariimiL  It  dissoWes  in  2,590  pts.  of  cola, 
and  2,500  pts.  of  hot  water,  more  readily  in  solution  of  sal-ammoniac,  still  more  in  water 
containing  acetic  add,  and  most  readily  in  aqueous  oxalic  acid.  At  100^  it  gives  off 
1  at.  water,  and  is  reduced  to  C'Ba^O'.H'O,  which  is  also  the  composition  of  the  salt 
obtained  by  precipit«ting  a  solution  of  chloride  of  barium  with  oxalate  of  ammonia,  at 
the  boiling  heat 

An  add  oxalate,  C^H*Ba''0^.4H*0,  is  deposited  in  pointed  crystals  on  mixing 
nearly  equal  quantities  of  the  saturated  solutions  of  oxalic  acid  and  chloride  of 
barium.  The  crystals  dissolve  in  336  pts.  of  water  at  15*5^,  forming  an  acid  solu- 
tion ;  they  are  decomposed  by  hot  water,  converted  into  the  normal  oxalate  by  saline 
solutions,  and  are  not  altered  by  alcohol  or  ether  (Clapton,  Ghem.  Soc.  Qu.  J.  v. 
223).  According  to  Souchay  and  Lenssen,  they  contain  only  half  the  water  required 
by  tilie  formula  above  given,  half  of  this  water  going  off  at  100^,  the  rest  at  145^  and 
oxalic  acid  beginning  to  volatilise  at  the  same  time.  The  crystals  require  392  pts.  of 
water  at  17^  to  dissolve  them,  and  are  decomposed  by  hot  water,  with  formation  of  the 
neutral  salt;  alcohol  likewise  throws  down  the  neutral  salt  from  the  aqueou:*  solution 
of  the  add  salt. 

OxALATBB  OF  BiSKUTH.  C^i*0**.l5H*0. — The  neutral^alt  separates  as  a 
white  cxystalline  precipitate  on  mixing  nitrate  of  bismuth  with  excess  of  oxalic  add. 
Retains  2  at.  water  at  100^,  but  decomposes  at  higher  temperatures  into  suboxide  of 
bismuth  (BiK)*)  and  add  oxalate  of  bismuth.  It  is  insoluble  in  water,  soluble  in  adds, 
and  decomposes  by  prolonged  contact  with  water  into  oxalic  add  which  dissolves  and 
a  basic  oxidate  of  bismuth.    (Souchay  and  Lenssen.) 

Baste  oxalate.  The  neutral  oxalate  boiled  with  water  yields  a  salt  having  the  com- 
position 2(Bi*0'.C*0*). 8H*0  ( H  e  i  n  t  z).  Souchay  and  Lenssen,  by  boiling  the  recently 
predpitated  normal  oxalate  with  water  till  the  liquid  no  longer  became  add,  obtained 
a  salt  which  gave  by  analyds  72*39  per  cent  oxide,  agreeing  with  the  formula  BiH)". 

C*0*,2BH)  or  2(0mrEH)^\^iH}»).iB*0  (requiring  7205  per  cent  BiO»)  better  than 
with  Heints's  formula,  which  requires  73*5  per  cent  Accordina  to  the  latter  formula 
the  salt  is  analogous  to  the  oxalate  of  antimony  above  describea 

Oxalate  of  Bttmuth  and  Ammonitm,  C^i'"(NH«)^»  6C«(NH*)»OM2H*0.— 
Crystallises  f^Knn  a  hot  saturated  solution  of  oxalate  of  bismuth  in  oxalate  of  ammonia, 
in  small  priamatie  crystals  which  give  off  the  whole  of  their  water  (13'9S  per  cent.)  at 
100^.  Dissolves  readily  in  hot  water,  forming  a  clear  solution  which  becomes  turbid 
after  a  few  seconds,  and  deposits  oxalate  of  bismuth  as  a  crystalline  powder.  It  is  in- 
soluble in  alcohol  and  ether.     (Souchay  and  Lenssen.) 

Oxalate  of  Biemuth  and  Potatnum.  C^i'^K"0»«2C«K*OM2H*0.— Prepared  like 
the  preoeding,  and  separates  in  small  prismatic  ciystalB  which  are  insoluble  in  alcohol 
and  ether,  and  are  decomposed  by  water.  The  mother-liquor  deposits  a  salt  contain^ 
ing  CfBi'"K«0'«.4C*KK)M2HK).     (Souchay  and  Lenssen.) 

OxALATB  OF  Cadkiux.  CK^d'OVSHK). — Theanhydroussaltisobtainedasawhite 
amorphous  powder  by  digesting  carbonate  of  cadmium  with  oxalic  acid.  Oxalic  add 
or  oxalate  of  ammonia  added  to  chloride  of  cadmium  throws  down  the  tri-hydrated 
salt  as  a  white  precipitate  consisting  of  microscopic  tabular  crystals,  soluble  in 
13,000  pts.  of  cold  and  11,000  pts.  of  boiling  water,  a  little  more  soluble  in  water  and 
oxalic  acid,  easily  soluble  in  mineral  acids,  ammonia  and  ammoniacal  ealts.  €Kves 
off  all  its  water  at  100^,  and  is  decomposed  at  340^,  leaving  a  mixture  of  cadmium- 
oxide  and  metallic  cadmium.    (Souchay  and  Lenssen.) 

Oxalate  of  Oadm-ammomum.  C»fN»H«Cd)"0\2H«0.— When  oxalate  of  cadmium 
is  added  to  ammonia  till  no  more  is  dissolved  on  heating  the  liquid,  the  filtrate  left 
for  some  time  in  the  cold  deposits  needle-shaped  crystals,  which  rapidly  give  off  part 
of  their  ammonia  when  e^xMed  to  the  air,  and  at  100°  give  off  water  as  well  as 
ammonia,  acquiring  at  the  same  time  a  slight  brownish  tint,  from  separation  of  cadmium 
— oxide.    (Souchay  and  Lenssen.) 

AnmomtHMdmie  Oxalates.— a,  C*Cd''(NH«)K)«.5C«(NH*)«0«.9HK).— Separates  in 
microscopic  crystals  when  a  solution  of  oxalate  of  cadmium  in  oxalate  of  ammonium 
saturated  at  the  boiling  heat,  is  diluted  after  filtration  with  an  equal  volume  of  water. 
Qives  off  all  its  water  at  100°.     (Souchay  and  Lenssen.) 

».  CKJd*'(NH^)*0«.7C«(NH*)*0MlH«0.-^parates  in  hard  crystalUne  crusts  from 
the  preceding  saturated  solution,  if  left  to  cool  without  Edition  of  water.  (Souchay 
and  Lenssen.) 
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7.  Bammelflbeig  by  diwolTing  oxide  of  cadmiiim  in  oulaf  e  of  ammoniam,  obtained  a 
salt  to  which  he  assigned  the  formula  C«Cd*(NH«)K)*.3C>(NH«)K)'.8HH).  This  salt  is 
supposed  bj  Soachay  and  Lenssen  fo  contain  only  TU'O.  The  three  donble-saltB  then 
form  a  rcgolar  series,  their  formnlse,  if  A  stand  for  G«Gd''(NH*)H)',  and  B  for 
C*(NH«)K)\ being A.BM1HK),  A.B*.9H*0,and A.B'.THH).  (Souchay  andLenssen.) 

Potassuhoadmio  Oxalate,  C«Cd'^K)'.2H0,  is  produced  by  saturating  a  boiling 
solution  of  oxalate  of  potassium  with  oxalate  of  cadmium,  and  separates  from  the 
filtrate  in  microscopic  square-based  octahedrons,  which  gtTe  off  their  water  at  100^  and 
are  decomposed  by  water. 

Sodio-cadmieOsalaU.  CH:)d17aK)'.2H*0.— Similar  to  the  potassium-salt  (Souchay 
and  Lenssen.) 

OxLJjJLTM  OF  Caloiux,  CKVO^ — This  salt  is  very  widely  diffused  in  the 
Tegetable  kingdom,  being  found  in  the  juice  of  most  plants,  whence  it  is  deposited  on 
the  vascular  tissue,  toi^irds  the  end  of  the  growing  season,  in  microscopic  crystals 
haying  the  form  of  a  square-based  octahedron  (P :  F  in  the  terminal  edges  of  the 
primacy  octahedron  46°  28^ ;  in  a  more  obtuse  octahedron  modifying  the  first  -»  119^ 
84').  According  toBraconnot  (Ann«  Ch.  Phys.  [2]  xxviii.  818),  it  often  constitutes 
about  half  the  weight  of  lichens  growing  on  calcareous  stones.  The  marble  of  the 
Parthenon  at  Athens  is  encrusted  in  some  parts  with  a  greyish,  warty,  and  somewhat 
opaline  coating  of  calcic  oxalate  about  a  line  thick,  called  T%ier8ckite  by  Li^big, 
which  is  supposed  to  have  been  deposited  by  lichens  growing  on  the  stone.  Calcic 
oxalate  has  also  been  found  by  Schmidt  (Ann.  Gh.  Fharm.  Ixi.  304)  in  beer-yeast. 
It  is  also  of  frequent  occurrence  in  the  animal  body  (p.  260). 

Calcic  oxalate  is  precipitated  as  a  white  powder  whenerer  a  soluble  calcium-salt  is 
mixed  with  oxalic  acid  or  an  alkaline  oxidate,  provided  there  be  no  strong  mineral 
acid  present  in  larse  excess.  It  is  insoluble  in  water,  acetic  acid,  and  solution  of  sal- 
ammoniac,  nearly  insoluble  in  free  oxalic  acid,  and  sparingly  soluble  in  lactic  acid, 
but  it  dissolves  with  tolerable  feusility  in  hydrochloric  or  nitnc  acid,  whence  it  is  pre- 
cipitated by  caustic  alkalis  or  alkaline  carbonates.  Chloride  of  magnesium  also  renders 
it  slightly  soluble  in  water.    (Turner,  Pogg.  Ann.  xix.  148.) 

Oxalate  of  calcium  is  insoluble  in  hot  concentrated  solutions  of  the  chlorides  of 
potassium,  sodium,  ammonium,  barium,  strontium  and  calcium,  but  soluble  to  a  con- 
siderable extent  in  hot  solutions  of  salts  of  the  metals  belonginff  to  the  magnesian 
group,  and  is  precipitated  from  these  solutions  by  an  excess  of  lukidine  oxalate  (Sou- 
chay and  L  en  as  e  n).  When  immersed  in  a  solution  of  cupric  salt  (^  a.  the  sulphate, 
chloride,  or  nitrate)  it  is  gradually  converted  into  cupric  oxalate,  a  soluble  calcium-salt 
being  formed  at  the  same  time.  In  presence  of  a  large  quantity  of  chloride  of  sodium, 
fftlHitm,  or  ammonium,  oxalate  of  calcium  dissolves  completely  in  solution  of  cupric 
chloride;  but  if  the  solution  be  agitated  or  left  to  stand  for  some  time,  cupric  oxalate 
separates  out.  When  oxalate  of  calcium  is  boiled  with  a  soluble  salt  of  silver,  lead, 
cadmium,  zinc,  nickel,  cobalt^  strontium,  or  barium,  a  soluble  calcium-salt  is  formed, 
and  an  oxalate  of  the  other  base  is  precipitated.  (A  Bey  no  so,  Compt.  rend.  xxix.  527.) 

Oxalate  of  calcium  dissolves  in  considerable  quantity  in  pure  pkotpkorie  ada, 
especially  with  the  aid  of  heat.  Such  a  solution  when  largely  diluted  with  water,  re- 
mains dear  if  it  contains  a  large  quantity  of  phosphoric  acid ;  and  if  caustic-soda  be 
then  cautioubly  added  till  the  precipitate  formed  at  first  is  redissolved,  and  the  liquid 
then  left  to  stand  <}uietly,  a  large  proportion  of  the  calcic  oxalate  ciystallises  within 
twenty-four  hours  m  quadratic  pyramids ;  and  the  mother-liquor  if  again  treated  witii 
soda,  yields  another  crop  of  ciystals.    (Neubauer,  Ann.  Ch.  Phann.  xcix.  223.) 

OxaUte  of  calcium  dned  at  38''  contains  2  at.  water  (C'Ca''0'.2U«0),  half  of  which 
is  given  off  at  100^,  the  rest  at  a  higher  temperature  (Thomson.  G-raham).  The 
salt  dried  at  160®  is  highly  electric,  but  loses  this  pmpearty  as  it  absorbs  moisture  fhmi 
the  air.    (Beraelius.) 

According  to  R  Schm  id  (Ann.Ch.Phami.xcvii.  226),  the  precipitate  of  calcic  oxalate 
obtained  by  mixing  neutral  solutions  of  chloride  of  calcium  and  potassic  oxalate,  and 
left  to  dry  for  a  considerable  time  at  ordinary  temperatures  in  the  air,  or  for  a  shorter 
time  in  vacuo  over  sulphuric  acid,  consists  of  CK;a''0^2H*0  (water  by  analysis^  12*8 
per  cent ;  by  calculation,  12*1).  The  precipitate  thus  obtained  did  not  exhibit  distinctly 
angular  terminations,  even  with  a  magnifying  power  of  300° ;  but  that  which  was  pro- 
duced by  slowly  adding  a  solution  of  potassic  oxalate  to  solution  of  chloride  of  calcium, 
exhibited  under  the  microscope,  dendrites  and  laminae  made  up  of  oblique  prismatic 
tables,  and  appeared  to  cou^ist  of  a  mixture  of  the  hydrates  CKl!a"0^2&''0  and 
C*Ca"0*.H«0. 

According  to  Souchay  and  Lenssen,  oxalate  of  calcium,  dried  in  the  air  at  ordi- 
nary temperatures,  contains  sometimes  1  at.,  somet  imes  3  at.  water ;  and  when  dried 
at  100°,  always  1  at.,  half  of  which  is  given  off  at  180°  and  the  remainder  at  a  tem- 
perature considerably  above  2(^0°;  on  expoBing  the  anhydrous  salt  to  the  uir,  the  1  at. 
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water  is  quickly  reabsorbed.  A  salt  with  2  at.  water  does  not  appear  to  exist. — Ox- 
alate of  calcium  precipitated  at  the  boiling  heat  from  a  mixture  of  solutions  of  chloride 
of  calcium  and  oxalate  of  ammoniam,  contains  C'Ca''0\H*0 ;  so  likewise  when  pre- 
cipitated in  the  cold  from  concentrated  solutions,  whether  neutral  or  alkaline  ;  but  the 
salt  ^ecipated  in  the  cold  from  dilute  solutions,  is  always  a  mixture  of  C*Ca''O^HK) 
and  CHya  0*.3H*0. — On  adding  a  small  quantity  of  chloride  of  calcium  to  a  saturated 
solution  of  oxalic  acid,  apredpitate  is  formed  consistingof  microscopic  crystalline  laminae 
and  containing  C*Ca''0\H'0 ;  and  on  adding  a  small  ouantity  of  oxalic  acid  to  a  large 
excess  of  chloride  of  calcium,  a  gummy  precipitate  is  obtained  of  the  same  composition, 
and  appearing  under  the  microscope  as  an  indistinct  crystalline  mass ;  but  by  adding  a 
small  quantity  of  chloride  of  calcium  to  a  very  dilute  solution  of  oxalic  add,  there  is 
formed  after  awhile,  a  precipitate  consisting  of  square  prismatic  crystals  of  the  tri- 
hydrated  salt,  together  with  oblique  prismatic  (monodinic)  crystals  of  the  monohy- 
drate,  the  former  being  in  larger  proportion  as  the  oxalic  add  solution  is  more  dilute. 

The  square  prismatic  ciystafa  of  caldc  oxalate  occurring  in  plants  (MamUlaria  quad' 
rispmaf  Cereua  senility  Melaeactus  macroacanthus,  &c),  are,  acooiding  to  Schmid, 
C^a"0\3HK> ;  they  give  off  two-thirds  of  their  water,  slowly  when  exposed  to  the 
air,  more  quickly  in  rarefied  air. 

A  solution  of  calcic  oxalate  in  hot  hydroehUmc  acid^  deposits  crystals  of  the  salt 
C0a''O^B?O  (E.  Schmid).  According  to  Souchay  and  Lenssen,  this  salt  is 
deposited  on  cooling,  when  oxalate  of  calcium  is  added  at  100°,  to  hydrochloric  add  of 
spedfic  gravity  less  than  I'lO,  in  quantity  suffident  to  saturate  it ;  but  if  the  solution 
is  not  saturated,  it  depovits  after  some  time,  square  prismatic  crystals  consisting  of 
C*Ca''0\3H*0. — ^Bv  aciding  oxalate  of  caldum  to  warm  hydrochloric  acid,  of  specific 
grarity  1*10  or  higher,  doable  salts  are  obtained  in  scaly  crystals,  conrasdns  of  oxalate 
and  chloride  of  caldum.  With  add  of  1  '20  specific  gravity,  Souchay  and  L  e  n  s  s  e  n 
obtained  the  salt  4C*Ca''O^Ca''a*.24H*0.  Pritzsche  (Pogg.  Ann.  xxviii.  121),  by 
a  similar  process  obtained  an  oxalato-chloride  containing  C*Ca''0*.Ca''Cl'.7H'O, 
which  was  not  obtained  either  by  Schmid,  or  by  Souchay  and  Lenssen. 

With  nitric  acid,  oxalate  of  oud  am  behaves  in  the  same  manner  as  with  hydrochloric 
add,  excepting  that  it  is  insoluble  in  strong  nitric  acid,  and  therefore  does  not  yield 
any  oxalato-nitrate  (Souchay  and  Lenssen).  According  to  Schmid,  a  solution 
of  caldc  oxalate  in  hot  nitric  acid,  deposits  monodinic  lamime  of  the  monohydrated 
salt^  the  last  mother-liquoTB,  however,  yielding  free  oxalio  add. 

OxALATXS  OF  Cbbivil  cl  Cerous  Oxalate. — Oxalic  add  and  alkaline  oxalates 
added  to  cerous  salts  throw  down  hydrated  cerous  oxalate  in  the  form  of  a  white  powder, 
whidi,  when  heated  in  a  dose  vessel,  gives  olTwat^r,  carbonic  oxide,  and  carbonic  an- 
hydride, and  leaves  a  mixture  of  ceroso-ceric  oxide,  with  a  small  quantity  of  carbide  of 
cerium  (Berzelius).  The  salt,  when  prepared  with  cerous  oxide  free  from  lanth- 
anum, contains  8  at.  water,  which  it  does  not  part  with  completely  even  at  269°.  When 
more  strongly  heated,  it  leaves  a  black  powder  which  takes  fire  in  the  air,  and  bums 
till  it  is  converted  into  eerie  oxide  (Beringer,  Ann.  Ch.  Fharm.xliL  143).  The  salt  is 
insoluble  in  water  and  in  aqueous  oxalic  acid  (Berzelius).  It  dissolves  without 
decompodtion  in  hot  nitric  acid,  and  crystallises  out  again  on  coolins.  By  leaving  a 
solution  of  the  salt  in  warm  moderately  strong  nitric  acid  to  evaporate  slowly  over  caustic 
potash,  it  is  obtained  in  well-defined  rhombohedroiis.  No  acid  salt  is  formed.  If  the 
add  is  too  strong,  or  heated  to  boiling,  partial  decomposition  takes  place.  (H  o  1  z  m  a  n  n, 
J.  pr.  Chem.  Ixxxiv.  81.) 

PotassiO'Ceraus  Oxalate,  C*K"Ce''0*,  is  a  white  powder  insoluble  in  water,  and  leav- 
ing when  ignite  a  mixture  of  oeroso-ceric  oxide  and  potasnc  carbonate  (Berzelius). 
The  insolubility  of  this  salt  affords  a  ready  means  of  separating  cerium  from  many  other 
metals  (i.  832). 

fi.  Ceric  Oxalate  is  insoluble  in  water,  but  soluble  in  aqueoas  sal-ammoniac.  The 
solution  when  evaporated  first  deposits  a  yellow  powder,  and  then  yields  lemon-yellow 
crystals.     (Berzelius.) 

0  XALATB  s  OF  Chboxiuic  Ncutral  oxalate  of  ammonium  forms  with  a  solution 
of  chromic  oxide  in  hydrochloric  add,  a  pale  green  pulverulent  predpitate. — The  solution 
of  chromic  hydrate  in  oxalic  add  prepar^  in  the  cold,  has  a  cherry-red  colour;  the 
solution  prepared  at  the  boiling  heat  is  green,  but  becomes  cheny-coloured  on  cooling. 
It  dries  up  by  spontaneous  evaporation  to  a  violet-bUck  vitreous  mass,  bat  the  green 
solution  evaporated  over  the  water-bath  yields  a  green  mass.  The  solutions  are  not 
predpitated  either  by  ammonia  or  by  caldum-«alt8,  but  give  a  predpitate  with  lime- 
water,  and  when  hot  with  potash. 


i;5C  OXALIC  ACID. 

With  alkaline  and  earthy  ozalatM  these  eolutions  yield  two  aeriet  of  doable  oxalatea, 

BlveaaltB    CHVTi«0««         -        ^^p|^ 

(C«6«)«) 

and       C'«er»ft^)«*         -         c>rf"  K 
Red  aalta     C*Cr-'MO«  -        ^cTmI^' 


and       CHJSbTO" 


(C*b«) 


The  formula  of  the  red  ealta  (containing  alkali-metale)  may  alao  be  written  C^Cr^HK)*', 

CHS^O".  The  two  aeries  of  salts  are  analoeoos  in  comnosition  to  the  add  and  hTpjer- 
acid  oxalates  of  potasainm,  CFWSiO*  (tripled)  and  OH*KO",  the  8  at  hydrogen  being 
replaced  l^  1  at  triequiTulent  chromium. 

Jmmontum-talts.—Th^  bine  salt,  C*Cr'"(NH«)*0".3H*0,  is  obtained  by  saturating 
acid  oxalate  of  ammonium  with  chromic  hydrate,  and  separates  on  evaporation  in  blue 
scales  isomorphous  with  the  blue  potassic  salt  (H.  Kopp).  It  dissolTes  in  ]|  pt 
water  at  15^,  and  in  a  smaller  quantity  of  boiling  water. 

The  red  salt  C*Cr'*(NH*)0*.4H'0,  exactly  resembles  the  corresponding  potassium- 
■alt,  and  is  obtained  in  a  similar  manner. 

ArperUo-ckroffUe  Oxtdate,  C*Cr"'Ag'0".fHH),  is  deposited  in  dark  bine  shining 
needles  when  a  mixed  solution  of  silrer-nitrate  and  blue  potassio-chromic  oxalate  is 
left  to  evaporate.  It  dissolves  in  9  pts.  of  boiling  water,  and  in  a  rather  larger  quan- 
tity of  cold  water. 

BanfUhckromio  Oxalate,  C"€^i^*0*M2HK),  also  with  18H*0.  Precipitated  on 
mixing  a  barium-salt  with  a  solution  of  blue  ammonio-  or  potassio-chromic  oxalate. 
Small  dark  violet  needles,  nearly  ins<»luble  in  cold  water,  soluble  in  about  80  pts.  of 
boiling  water. 

CaicuMfkramic  OxalaU,  C>*Cr<Ca>0<M8H<0 ;  also  with  86H*0.  Bark  violet  silky 
naadles,  slightly  soluble  in  water. 

Plumbo-chromie  OxalaU,  C"Ci'Pf>0*M5HH).  Blue  precipitate  formed  on  mixing 
the  solutions  of  acetate  of  lead  and  blue  potassio-cliromic  oxalHte. 

Potaamo-chramic  Oxalates.— a.  Blue  salt.  C«Cr'"E'0".8H*0.— F^pared  by  saturating 
a  boiling  solution  of  acid  potassic  oxalate  with  chromic  hydrate;  or  by  dissolving,  with 
aid  of  heat,  1  pt  acid  chromate  of  potaasium,  2  pts.  acid  oxalate  of  potassium,  and 
2  pts.  oxalic  acid  in  1  pt  of  water.  In  the  latter  case  the  chromic  add  is  first  reduced  to 
chromic  oxide  by  the  oxalic  acid,  whence  there  resits  a  disengagement  of  carbonic  an- 
hydride. The  salt  crystallises  in  large  monocUnic  prisms,  black  by  reflection,  and  of 
a  fine  blue  colour  by  transmitted  light  The  dominant  faces  are  cor,  [  »P|],  [  a»P<»  1, 
ooPoo ,  and  the  prisms  are  terminated  at  fhe  ends  by  the  feces  +  P  equally  developed, 
(like  fig.  80,  CBTSTAxxooakPKT,  ii.  155),  or  with  +P  or  +Poo  predominant  Katio 
coaxes  a  :  b  :  0  ^  0*999  :  1  :  0-895.  Angle  of  axes  *  86°;  +P  :  +P  in  the 
acute  dinodiagonal  terminal  edges  •-  138^  48^;  —  P  :  —P  in  the  obtuse  edses  ^  140^ 
84';  -t-P  :  -P  in  the  orthodiagonal  terminal  edges  »  189^  42^;  +P  :  -Pin 
the  basal  edges  -  6S^  19';  ooP  :  ooP  -  about  90^;  [ooPf]  :  [qoP{]  in  the 
orthodiagonal  prindpal  section  »   112®  SO'. 

The  salt  dissolves  in  5  pts.  water  at  15° ;  the  solution  is  green  by  reflection,  red  by 
transmission.  If  boiled  and  then  evaporated  it  leaves  a  green  amorphous  residue, 
which  however,  if  redissolved  in  water,  again  yields  blue  crystals  on  evaporation.  The 
salt  gives  off  11  per  cent  water  (8  at)  at  100°. 

$.  Bed  salt,  (XV^0*.4H*0.— Obtained  by  saturatinff  hyperadd  oxalaU  onad- 
roxalate)  of  potassium  with  chromic  hydrate.  Crystallises  m  small  rhomboidal  tablets 
or  dark-red  grains  (Croft,  PhiL  Mag.  [8]  xxi  197).  The  crystals  are  monodinie^  ex- 
hibiting the  dominant  combination  oP .  ooP .  [  ooP21 .  odPod  .  [  obPqo  ] .  -f  Poo  .  —Poo . 
Batio  of  axes  a:h:e  «  08061 :  1  :  1*11588.  Angle  b:e  -  70°  83';  odP  :  ooP 
(dinod.)  «  81^  17';  [ooP2]  :  [ooP2]  -  46°  27';  oP  :  ooP  -  120°  41';  oP  : 
-.Poo  ..  142°  25' (Ram m el sb erg,  Pogg.  Ann.  xdii.  24).  The  crystals  dissolve  in 
rather  more  than  10  pts.  of  cold  water ;  the  solution  in  cold  water  is  cherry-coloured  ; 
that  made  with  boiling  water  ii  blackish-green.    The  solution  if  boiled  and  then  left 

*  Cr  s   52-4 ;  chromic  chloride  =  CrCl*. 
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to  itself  for  a  few  days,  deposits  gamet-red  crystals,  but  if  evaporated  immediately  oyer 
the  water-bath,  it  leaves  a  green  amorphous  mass. 

Sodto^hrcndc  Oxalates.  The  blue  salt,  C«Cy"Na*0".|H*0,  is  obtained  in  hexagonal 
plates  or  rhomboidal  prisms  by  saturating  a  boiling  solution  of  acid  sodic  oxalate 
with  chromic  hydrate.  The  crystals  are  black  by  reflection,  deep  blue  by  trans- 
mission, slightly  efflorescent^  very  soluble  in  water  (Berlin).  '^^7  ^^  monodinic, 
exhibiting  the  combination  oP  .  +  P  .  —  P  .  ooPoo  .  [  ooPoo  ]  .  odP.  Ratio  of  axes 
a:b:c  =  07218  :  1  :  0-8803.  Angle  6  :  o  «  79°  20';  oP  :  +  P  «  120° ;  oP  : 
-  P  -  1280  12';  oP  :  ooP  -  96°  20';  ooP  :  »P  (clinod.)  «  730  26'.  Cleavage 
perfect  parallel  to  oP.     (Rammelsberg.) 

Acconiing  to  Bammelsberg,  a  solution  of  chromic  hydrate  in  acid  sodic  oxalate  yields 
first  a  red  and  afterwards  a  blue  sodio-chromic  oxalate,  the  two  salts  having  the  same 
composition  (?),  and  the  red  salt  also  forming  monoclinic  crystals. 

OxA.LA.TB8  OF  C0BA.1.T.  flt.  Cohaltous  salts. — Neutral  cobaltous  oxalate, 
C*Co"0^2H'0,  obtained  bv  digesting  the  carbonate  with  excess  of  oxalic  acid,  is  a  rose- 
red  powder,  nearly  insoluble  in  water  and  oxalic  add,  easily  soluble  iy  aqueous  ammonia. 
A  blue  basic  salt,  CCo''012Co''H*0*,  is  obtained  by  treating  cobaltous  oxalate  with 
boiling  aqueous  oxalate. 

A  jpotassio-cobaltous  oxalate  is  obtained  in  rose-coloured  rhombo'idal  crystals  insoluble 
in  water,  by  dissolving  cobaltous  oxalate  in  a  boiling  solution  of  the  neutral  potassie 
salt  Cobaltous  oxalate  dissolves  also  in  a  hot  solution  of  the  acid  ammonium-salt ; 
but  the  liquid  when  left  to  evaporate  deposits  rose-coloured  sparingly  soluble  crystals 
containing  only  a  small  quantity  of  cobut. 

Oxalate  of  Cobtdt-nielkd'ammonium,  2[C«(Co'TI»H«nNi'TT«Hf)"0«].9HK),  was  ob- 
tained b^  Bautenberg  (Ann.  Ch.  Pharm.  cxiii.  360)  in  separating  nickel  and  cobalt 
by  Laugier^s  method  (i  1039),  being  deposited  after  some  weeks  from,  the  ammoniacal 
solution  from  which  the  greater  part  of  the  nickel-oxalate  had  previously  separated. 
It  forms  transparent  cheny-red  tridinio  prisms  which  give  off  all  their  wat<>r  of 
crystallisation  at  100°,  crumbling  to  a  brick-red  powder,  and  ammonia  at  180°.  It  is 
insoluble  in  water,  easily  soluble  in  ammonia,  the  solution  when  left  to  evaporate, 
depoflitins  oxalate  of  nickd-ammonium  while  a  cobalt-salt  remains  in  solution. 

iS.  Cobaltie  salts,  A  solution  of  cobaltous  oxalate  in  strong  aqueous  ammonia 
left  to  evaporate  in  contact  with  the  air  deposits  large  deep-red  crystals  containing, 
accordingtoL.  Gmelin(ifa»<ttooAr,  ix.  162!)  8CK)M  2  NH».Co«0».3H»0,  which  maybe 

represented  by  the  formula        (<^s  q^  .SHH).     The  crystals  are  sparingly  soluble  in 

water  and  in  aqueous  ammonia,  and  when  boiled  with  potash,  give  off  ammonia  and 
deposit  brown  peroxide  of  cobalt. 

Other  ammoniacal  cobaltic  oxalates  are  described  under  Cobalt-basbs,  AmfOmACAL 
(i.  1061). 

OxALATBS  ov  CoppBB.  NstUral  cuprto  Oxalate^  2C*Cu''0MI'0  (according  to 
Lowe^  Jahresb.  1860,  p.  243),  is  a  li^ht  greenish-blue  predpitate,  insoluble  in  water, 
nearly  or  quite  insoluble  in  oxalic  acid,  but  easilv  soluble  in  the  neutral  oxalates  of 
ammonium,  potassium  and  sodium.  It  does  not  give  off  the  whole  of  its  water  even  at 
120°,  but  decomposes  at  a  somewhat  higher  temperature. 

Ammonio-euprie  Oxalate,  0*(NH^)'Cu''0'.2H'0,  obtained  by  dissolving  cupric oxalate 
in  the  neutral  ammonium-salt^  or  cupric  oxide  in  the  acid  ammonium-salt,  forms  dark 
blue  rhombic  plates  permanent  in  the  air,  sparingly  soluble  in  water,  with  partial 
decomposition. 

Oxidate  of  Cu^ammotmm,  C■(N•H•Cu'')''O^H•0,  is  obtained,  by  evaparating  an 
ammoniacal  solution  of  cupric  oxalate,  in  short  flattened  hexagonal  prisms,  of  a  dark- 
blue  colour :  it  effloresces  on  exposure  to  the  air,  giving  off  water  and  ammonia. 

Oxalate  of  Copper  and  Ouprammonit^n,  C*Cu*(N*H'Cu'')  0',  is  deposited  as  a  sky- 
blue  ciystalline  powder  when  ammonia  is  treated  with  a  larger  quantity  of  cupric 
cxalate  than  it  is  capable  of  dissolving. 

LitkuHniprie  Oxalate,  C^LiK;u''0*.2H'0,  is  deposited  in  blue  ciystals  by  spontaneous 
evaporation  of  the  solution  obtained  by  boilins  acid  lithic  oxalate  with  cupric  oxide  ; 
when  redissolved  in  water,  it  suffers  partial  decompodtion  (Troost,  Ann.  Ch.  Phys. 
[3]  U.  103). 

Potassio-cuprie  Oxalate  crystallises  in  blue  rhombohedrons,  C^E*Cu''0'.2H*0,  epar- 
f ngly  soluble  in  water,  or  in  flattened  needles  containing  C^E'Cu^O*.  IH'O.  It  is 
decomposed  by  boiling  water,  with  seMration  of  cupric  oxalate. 

Sodto-cupric  Oxalate,  C«Na^Cu''0».2H«0,  forms  dark  sky-blue  often  flattened  needles 

OxALATB  OF  DiDiMiuM.    C*Di"0*.H*0;    also  with  4H«0.— Pulverulent   and 
Vol.  IV.  S 
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white,  with  a  slight  tinge  of  roee-colour,  when  predjutat^Hi  from  neatnl  lolatioAs ;  bu^ 
when  redisflolved  h^  the  aid  of  heat  in  «zceB8  of  nitne  or  hydrochloric  acid,  it  separatee 
as  the  liquid  cools,  in  the  granular  and  crystalline  state,  sometimes  even  in  snudl,  roee- 
eoloured,  rectangular  prisms  terminated  by  fonr^ided  pyramids  with  their  fiMea  resting 
on  the  edges  of  the  prism.  This  salt  is  completely  insoluble  in  water,  and  nearly  in- 
soluble in  oxalic  add  and  in  very  dilute  mineral  adds.  The  air>dried  salt  (with  4  at 
water)  gives  off  about  20  per  cent,  water  at  100^,  leaving  the  monohydrated  salt. 
(Marignac,  Ann.  Ch.  Phys.  [3]  zzzviii.  175.) 

OxALATB  or  Olucxmum remains,  when  its  aqueous  solution  is  evaporated,  ss  a 
transparent  gummy  mass,  possessing  the  sweetest  taste  of  aU  glucinum-salts. 
(Yauquelin.) 

Ammonio-glucinic  Oxalate^  C\NH^)*G''0',  forms  trimetric  ciystals  exhibiting  the 
combination  oo^oo  .  ooPoo  .  oP  .  P  .  2P  .  ooP  .  Poo  .Poo  .  2^qo  .  4l*oo .  Ratio  of 
axes  a\b'.  e  »  0'8759  :  1  :  1*7413.  Inclination  of  the  faces,  P  :  P  in  the  brachy- 
diagonal  prindpal  section  »  1^1^  W;  ia  the  macrodiagonal  »  111^  24';  in  the 
basal  section  »  99  44';  2P :  2P  in  these  three  sections  »  106^  66";  93^^  10*  and 
132°  4';  -  ooP:  ooPoo  =  IZW"  4/ ;  oP :  f  oo  -  UZ^^T;  oP :  Poo  «  139<>  46' 
(Sinarmont,  Jubresb.  1857,  p.  295.) 

Oxalates  of  Ibok.  o.  Ferrous  salts. — Ferrous  oxalate  ooeurs  as  oxalite 
or  humboidtine,  2CFfe''0'.3HK),  in  deposits  of  lignite.  It  is  vety  soft,  and  crumbles 
between  the  fingers,  has  a  density  of  213  —  2*489,  yellow  colour,  dull  or  slishtly 
resinous  lustre,  and  when  insulated  acquires  nesative  electricity  by  friction.  When 
thrown  on  red>hot  coals  it  emits  a  strong  ve^table  odour  and  leaves  a  residue  which 
is  attracted  by  the  magnet  It  is  found  in  lignite  at  Kolosoruk  in  Bohemia,  at  G^ross- 
Aimerode  in  Hessia,  and  in  shale  at  Cape  Ipperwash  in  Upper  Canada  (Dana,  ii.  465). 
It  appears  to  have  been  formed  by  the  decomposition  of  succulent  plants. 

Iron  dissolves  in  oxalic  add,  with  evolution  of  hydrogen,  and  the  liquid  which 
has  a  sweet  astringent  taste,  gradually  deposite  ferrous  oxalate  as  a  light-yellow 
powder.  This  salt  separates  also  in  small  shining  yellow  crystals  containing  CFfe^O^ 
2HK),  when  ferrous  sulphate  is  precipitated  by  oxalic  add  or  neutral  oxalate  of 
potassium ;  also  when  a  solution  of  ferric  oxide  in  oxalic  acid  is  exposed  to  sunshine. 
It  is  nearly  insoluble  in  cold,  very  sparinglpr  soluble  in  boiling  water.  According  to 
Soucbay  and  Lenssen,  the  dihydrated  salt  dissolves  in  4,500  pts.  of  cold  and  3,800  pts. 
of  hot  water. 

VThen  the  dihydrated  salt  is  heated  with  the  strongest  sulphuric  add  (H*SO*)  car- 
bonic oxide  and  carbonic  anhydride  aro  evolved  and  pure  ferrous  sulphate  remains  iu 
the  form  of  a  soft  white  powder.  But  if  the  same  salt  be  heated  with  dilute  sulphuric 
add,  the  liquid  after  cooling  yields  crystals  of  oxalic  acid,  and  famous  sulphate  remains 
in  solution.— When  ferrous  oxalate  is  dissolved  to  saturation  in  strong  hyorochloric  acid 
at  a  boiling  heat^  the  liquid  when  quite  cold,  deposits  large  transparent  aystals  of 
oxalic  acid,  and  afterwaroiB  crvstals  of  ferrous  chloride.    (Souehay  and  Lenssen.) 

If  ferrous  oxalate  be  added  to  boiling  solution  of  caustic  potash,  the  boiling  heat 
beinff  continued  for  some  time,  a  velvet-black  predpitate  of  ferrous  oxide  is  produced, 
which  however  soon  passes  on  the  filter  to  a  higher  state  of  oxidation.  Ferrous  oxalate 
boiled  with  a  concentrated  solution  of  acid  carbonate  of  potassium,  yields  a  perfectly 
white  precipitate  of  ferrous  carbonate^  which  likewise  oxidises  quickly  during  washing. 
(Bottger,  J.  pr.  Chem.  Ixxvi.  238.) 

Acid  aalt?  A  solution  of  iron  in  oxalic  add,  yields  beforo  complete  saturation, 
greenish-yellow,  very  soluble,  efflorescent  prisms  which  appear  to  be  an  acid  ferrous 
oxalate,  or  according  to  Baneswil,  a  ferro«h/errio  oxalate. 

Potassio-ferrous  Oxalate,  C*K«Ffe''0».2H*0.— A  solution  of  ferrous  oxalate  in 
oxalate  of  potassium,  depodts,  when  mixed  with  alcohol  and  left  to  stand  for  24  hours, 
oily  drops  of  this  double  salt  which  soon  solidify.     (Souehay  and  Lenssen.) 

0.  Ferric  salts.  When  ferric  hydrate  is  treated  with  a  quantity  of  aqueous  oxalic 
add  not  suffident  to  dissolve  it,  a  yellow  powder  is  formed  nearly  insoluble  in  water, 
and  apparentiv  consisting  of  neutral  ferric  oxalate.  The  same  salt  is  predpitated  on 
adding  a  small  quantity  of  neutral  potassic  oxalate  to  a  ferric  salt.  It  dissolves  in 
oxalic  add,  formiuff  a  solution  which,  when  exposed  to  sunshine,  gradually  assumes  a 
greenish-yellow  colour,  gives  off  carbonic  anhydride,  and  deposits  ciysteds  of  ferrous 
oxalate  till  it  becomes  qaife  colourless. 

.  Ferric  hydrate  dissolves  in  the  add  oxalates  of  the  alkali-metals,  forming  double  salts. 
Ammanio-ferric  Oxalate^  C^NH*)"Fe"'0" — ^A  hot  solution  of  ferric  hydrate  in  acid 
oxalate  of  ammonium  deposits  this  salt  on  cooling  in  small,  anhvdrous,  rhombic  octa- 
hedrons, having  a  groenish-white  colour  and  turning  yellow  when  exposed  to  light 
The  salt  dissolves  in  1*1  pt.  water  at  20^  and  in  0*79  pt.  boiling  water.  The  aqueous 
solution  exposed  to  sunshine  gives  off  carbonic  anhydride,  and  dcposite  ferrous  oxalate 
in  the  form  of  a  yellow  powder. 
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Baryto^ferrie  OxdaU,  C*^"Fe*0**.6H>0  (?),  is  precipitated  on  miziii^  a  Goneentrated 
BoLntion  of  the  ammonio-femc  salt  wiUi  chlonde  ofbarinm.  The  precipitate  crystalliBes 
from  boiling  water  in  greenieh-yellow  silky  needles. 

CaleiO'fmTio  Oxalate  is  an  uncrystallisable  precipitate. 

Potasno-ferrie  OxalaU,  G%*Fe'"0".3H'0,  crystallises  in  flattened  prisms  or  scales 
of  an  emerald-green  colour,  which  effloresce  in  dry  air,  and  decompose  quickly  when 
exposed  to  lights  depositing  ferrous  oxalate.  It  is  isomorphons  with  the  bine  potsssio- 
ehromic  oxalate.    (H.  K  o p p.) 

Boduhferrie  OxaiaU,  C*Na*Fe'^0".8HK),  also  forms  green  crystals  moderately  soluble 
in  water.  The  crystals  are  monodinic,  the  dominant  faces  being  oP,  +P,  —  P* 
ooP.  Batio  of  axes  a  :  &  :  o  -  07304  :  1 :  0877.  Angle  bio  -  79^'  44',  ooP  : 
ooP  (dinod.)  -  730  10';  +P  :  +P  (clinod.)  -  91°  12';  -P  :  -P  in  the 
same  -  101°  22';  +  P:  -  P  (basal)  -  111°  48':  oP :  +  P  -  119°  68*;  oP: 
—  P  «  128°  19'.    CleaTage  easy  parallel  to  oP.     (Bam  m  els  berg.) 

BtrowtUhferrio  OxaUite  is  an  uncrystallisable  precipitate. 

OxALATn  OF  Lanthanuk.  G'La''0^-— White  precipitate  insoluble  in  water* 
nearly  insoluble  in  oxalic  acid,  easily  soluble  in  nitric  acid,  separating  from  this  solution 
like  the  cerous  salt  (p.  266)  in  well-defined  rhombohedrons.    (Hols m  an n.) 

OxALATBB  OF  LiAD. — ^Thc  luutrol  tolt^  C'Pb''0\  is  a  white  precipitate  insoluble 
in  water  and  in  acetic  acid,  but  soluble  in  nitric  acid.  It  dissolves  also  at  the  boiling 
heat  in  aqueous  chloride,  nitrate,  and  succinate  of  ammonium,  but  is  insoluble  in  caustic 
ammonia,  and  in  the  carbonate.  The  dry  salt  Heated  in  a  retort  placed  in  an  oil-bath, 
decomposes  at  about  800*^,  girinff  off  a  mixture  of  8  vol.  CO*  to  1  toI.  CO,  and  leaving 
a  residue  of  suboxide  of  lead.    (Pelouse,  Ann.  Ch.  Phya.  [8]  vw,  104) : 

2C«Pb''0*       -       8C0«     +     CO     +     PbK). 

A  haaic  oxalate  of  lead^  C?b''0^2Pb''0,  is  obtained  as  a  white  powder  by  precipitating 
a  solution  of  basic  acetate  of  lead  with  neutral  oxalate  of  ammonium,  or  by  boiline 
neutral  oxalate  of  lead  with  the  basic  acetate  (which  is  thereby  conrerted  into  neutral 
acetate).  It  is  precipitated  in  small  shining  laminae  on  mixing  a  boiling  solution  of 
oxamide  with  nitrate  or  acetate  of  lead  containing  a  little  ammonia.  It  absorbs  car- 
bonic add  from  the  air,  and  is  ultimatdy  oonvertod  into  a  mixture  of  carbonate  and 
neutral  oxalate  of  lead. 

Potaeno-plumbic  Oxalate. — Add  oxalate  of  potassium  digested  with  hydrate  of  lead 
dissolves  a  small  portion  of  it,  and  the  solution  yields  small  needles  which  are  per- 
manent in  the  air,  but  are  decomposed  by  alkalis.    (Wenzel,) 

Pb« 

Oxalaio-nUratetof  LeatL-^The normal $aU,  C*Pb''0MJ«Pb''0«.2H«0m(C«0«y 

(N0«)»  , 

.2HH),  is  produced  by  pouring  a  solution  of  neutral  lead-acetate  into  a  mixture  of 
dilute  oxalic  and  a  Isurge  quantity  of  nitric  add,  or  dilute  oxalic  add  into  a  mixture  of 
dilute  lead-acetate  and*  nitric  add ;  also  when  oxalate  of  lead  is  dissolved  in  dilute 
nitric  add,  or  bdled  with  a  strong  solution  of  lead-nitrate.  It  forms  rhombic  or  hex- 
agonal plates  having  a  nacreous  lustre ;  is  slowly  decomposed  by  cold,  quickly  by  boil- 
ing water.     (Johnston,  Phil.  Mag.  [3]  xiii.  26. — Dujardin,  J.  pr.  Chem.  xv.  308.) 

Pb- 
$.  A  baste  saU,  C^b''0<.8N«Pb''0«.2Pb''0.3H»0      «     ( C'O*)' 

(N0»)»  . 

when  oxamide  is  boiled  with  a  strong  solution  of  lead- nitrate  mixed  with  ammonia, 
and  separates  in  white  shining  crystalline  grains,  which  must  be  washed  with  cold 
water  and  dried  in  a  vacuum.  If  the  boiling  be  too  long  continued,  while  the  liquid 
still  contains  neutral  nitrate  of  lead  (which  thereby  becomes  badc)^  the  salt  fi  is  con* 
verted  into  «.  The  salt  fi  is  also  formed  when  basic  oxalate  of  lead  ia  boiled  with  a 
solution  of  lead-nitrate  in  a  double  quantity  of  water,  the  ebullition  being  stx>pped 
before  ^  is  converted  into  a.     (Pelouse,  Ann.  Ch.  Phys.  [2]  Ixxix.  104.) 

OxALATBS  OF  LiTH I UM.— The  nfu^ro/ «a/<,  C'Li*0^  obtained  bv  Saturating  a  hot 
solution  of  oxalic  acid  with  carbonate  of  lithium,  separates  on  cooling  in  indistinct 
nodulous  anhydrous  crystals ;  it  also  separates  in  the  anhydrous  state  from  its  aqueous 
solution  on  addition  of  alcohol     1  pt.  of  it  di88olv<>6  in  in  18-1  pts.  water  at  196°. 

The  acid  salt,  C*HLiO«.H'0,  forms  large  tabular  crystals  which  dissolve  in  12*8 
pts.  water  at  17°,  give  off  their  water  of  crystallisation  at  100°,  and  oxalic  acid  at  160°. 
^Souehay  and  Lenssen.) 

^  Oxalates  of  Maoksbxux,  CMg^O^  This  salt  is  best  prepared  by  neutral- 
ising oxalic  add  with  carbonate  of  magnesium  and  washing  with  cold  water ;  when 
|Hrecipitated  from  a  magnesium-salt  by  oxalate  of  potassium,  it  always  retains  a  portion 
of  that  salt.    Prepared  by  the  first  method,  it  is  a  white  sandy  powder  consi&ting  of 

s  2 
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C*Mg"0*.2H«0,  soluble  in  1600  pt*.  of  water  at  16*^  and  1300  pts.  of  boiling  water.  It 
gires  off  1*6  per  cent,  water  at  100°,  and  does  not  lose  the  whole  of  it  even  at  140^ ;  bnt  at 
160°  it  becomes  anhydrous^  at  the  same  time,  however,  suffering  partial  decomposition. 

No  add  oxalate  of  magnesium  or  double  oxalate  of  magnesium  and  sodium  appears 
to  exist. 

Ammonio-maonesian  Oxalates. — A  concentrated  solution  of  chloride  of  magnesium 
forms,  with  oxalate  of  ammonium,  a  precipitate  of  oxalate  of  magnesium,  which  always 
contains  small  quantities  of  the  double  oxalate  of  magnesium  and  ammonium.  But  a 
dilute  solution  of  chloride  of  magnesium  mixed  with  oxalate  of  ammonium,  especially 
if  a  little  caustic  ammonia  is  added,  yields,  after  standing  for  some  time,  crystalline 
crusts,  consisting  of  oxalate  of  magnesium  and  ammonium  and  oxalate  of  ammonium 
-in  equivalent  proportions,  varying  according  as  the  magnesia  or  the  oxalate  of  am- 
monium predominated  in  the  liquid  ;  they  dissolve  in  water  with  separation  of  oxalate 
of  magnesium. 

o.  C*Mg''(NH«)»0«.6C«(NH*)«0<.9H«0.— Obtained  by  adding  oxalate  of  ammo- 
nium to  a  magnesia  solution,  rendered  strongly  alkaline  by  ammonia,  and  then  mixed 
with  a  quantity  of  sal-ammoniac  sufficient  to  redissolve  the  precipitate, — ^in  such  pro- 
portion, that  the  magnesia  may  be  to  the  oxalic  acid  (OH*0^.2H'0)|  as  1  :  12*6. 
(Souchay  and  Len«sen.) 

0.  6C*Mg^(NH*)»0".8C«(NH*)«0<.24HK).— Bv  mixing  a  magnesia  solution  with 
oxalate  of  ammonium,  in  such  proportion  that  the  magnesia  may  be  to  the  oxalic  acid, 
as  1*0  :  6*3.    (Souchay  and  lienssen.) 

7.  C*Mg  (NH*)«0».4CXNH«)«0^8H*0  (Souchay  and  Lenssen);  with  2H«0 
(Kayser,  Pogg.  Ann.  Ix.  143). — Prepared  by  gradually  adding  recently  pre- 
cipitated oxalate  of  magnesium  to  a  boiling  concentrated  solution  of  oxalate  of  am- 
monium, till  the  former  no  longer  dissolves,  even  after  long  boiling.  On  filtering  hot, 
and  leaving  the  liquid  to  cool  quietly,  the  salt  7,  separates  in  hard,  warty,  oystelline 
crusts,  having  the  appearance  of  enamel,  slightly  translucent,  and  efflorescing  in  the 
air.  It  dissolves  pretty  readily  in  water,  with  partial  separation  of  oxalate  of  mag- 
nesium ;  in  ammoniacal  salts  it  forms  a  dear  solution. — At  100®  it  gives  off  13*3  per  cent, 
(rather  more  than  6  at)  water;  at  120°,  7  at  in  all;  at  140°  it  begins  to  decompose 
and  assume  a  brownish  tint    (Souchay  and  Lenssen.) 

a.  C«Mg"(NH*)«0".6C*(NH*)K)*.8H*0.--When  the  mother-Uquor  from  which  the 
preceding  salt  has  crystallised  is  mixed  with  a  little  water  and  ammonia,  and  set  aside 
for  some  weeks  in  the  cold,  it  deposits  milk-white  crusts,  which  dissolve  in  water  with 
partial  decomposition,  the  solution  becoming  turbid.  It  gives  off  12*16  per  cent  (about 
8  at.)  water  at  100°.     (Souchay  and  Lenssen.) 

f.  OMff'(NH<)«0".2C«Mg^0«.2H«0  or  CT(r^NH*)«0".2H«0,  is  produced,  according 
to  Brandes  (Schw.  J.  xxvii.  18),  when  aqueous  chloride  of  magnedum  is  mixed  with 
neutral  oxalate  of  ammonium,  e^pedally  in  presence  of  excess  of  ammonia,  and  is  grad- 
ually deposited  in  crystalline  crusts.  Souchay  and  Lenssen  did  not  succeed  in  pre- 
paring this  salt 

Potasaio-^magnetie  Oxalate^  C^K^^0'.6H'0. — Depodted  ia  white  needles  when  a 
strong  solution  of  neutral  potassic  oxiuate  is  boiled  with  recently  precipitated  oxalate 
of  magnesium,  and  the  filtered  liquid  is  left  to  cooL  It  effloresces  quickly  in  the  air, 
IS  insoluble  in  cold  water,  and  is  decomposed  by  hot  water  with  separation  of  oxalate 
^f  magnesiiui^     (K  a  y  s  e  r,  loc.  cit, ) 

OxALATB  OF  HAiroAiTBSB. — ^This  Salt,  whether  prepared  by  predpitating  ^be 
aulphaitextr  chloride  of  manganese  with  oxalic  add,  or  by  treating  the  carbonate  of  man- 
ganese or  manganoso-manganic  oxide  with  oxalic  add,  contains,  in  the  air  dried  state, 
I  at.  water.  Sou-chay  and  Lenssen  (Ann.  Ch.  Pharm.  cii.  47)  found  in  it,  37*66 
|)er  cent  MnO,  th^  fiormsla  2C'Mn''0*.6H*0  requiring  37*88  per  cent  1  pt  of  this 
bydrated  salt  dissoives  in  24A0  pts.  of  cold,  and  in  1260  pts.  of  boiling  water ;  but  the 
solubility  is  very  greatly  increased  hj  the  presence  of  a  trace  of  potassic  or  ammonic 
oxalate.  At  100°,  according  to  Sonch ay  and Lenss en,  it  gives  off  aU  its  water  (as 
pceviuusly  found  by  Liebig,  Ann,  Ch.  Pharm.  xcv.  116). 

These  results  are  at  variance  with  those  obtained  by  other  diemists.  According  to 
/jl^raham,  the  salt  contains  {  at  water,  the  whole  of  which  it  retains  at  100° ;  accord- 
ing to  Hausmann  and  Lowenthal  it  contains,  af^er  drying  at  100°,  2  at  water. 

According  to  H.  Croft  (Chem.  Oaz.  1867,  p.  62)  the  quantity  of  water  contained  in 
Xnanganous  oxalate  varies  with  the  temperature  at  which  it  is  precipitated.  Hot  con- 
centrated solutions  of  manganous  sulphate  and  oxalic  add  yield  a  white  granular  pre- 
cipitate consisting  of  CMn*0*.2H-*0,  which  doQS  not  give  off  any  water  at  100°. 
(This  agrees  with  the  statement  of  Hausmann  and  Lowenthal.)  In  a  solution  of 
manganous  snlphate  in  30  pts.  of  water,  oxalic  adid  produces  a  predpitate  which  has  a 
f^int  riole%  colour,  but  in  a  few  days  becomes  white  and  granular,  and  exhibits  the 
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mmp  composition.  When  manganous  sulpliata  difiaolved  in  30  to  100  pts.  of  water  is 
precipitated  by  oxalate  potasBium,  a  pale  violet  ciystalline  precipitate  is  obtained,  re- 
sembling benzoic  acid  and  containing  C*Mn''0l3H'0.  It  ia  unalterable  in  the  air  at 
ordinary  temperaturee,  but  at  100°  gives  off  1  at.  water  and  turns  white.  When  heated 
for  some  time  in  the  air,  it  yields  red  crystalline  mangpuiic  oxide  (Croft).-^The8e  state* 
ments  are  confirmed  by  Gorseu  (Compt.  rend,  xlvii.  929).  Oxalic  acid  mixed  with 
excess  of  manganous  sulphate  m  the  eold,  yields  rose-colourad  prismatic  needles  of  the 
salt  CMn''0^3H'0 ;  but  when  a  vexy  hot  solution  of  oxalic  acid  is  mixed  with  a  hot 
solution  of  a  manganous  salt  till  a  precipitate  begins  to  form,  and  the  liquid  is  then 
left  to  cool,  white  flattened  octidiedrons  are  obtained,  consisting  of  CMn  0\2U'0.— 
The  red  salt^  when  dried  in  the  air,  gives  off  1  at.  watar  and  turns  white ;  but  in  vacuo 
and  even  at  96°,  it  retains  its  red  colour,  although  it  loses  the  greater  part  of  its  water. 

AmmonuMnanffonoua  Oxalate. — Oxalate  of  manganese  forms,  with  oxalate  of  am- 
monium, a  series  of  double  salts  varying  in  composition  according  to  the  degree  of  dilu- 
tion and  the  proportions  in  which  the  constituent  salts  are  mixed. 

a.  C^Mn''(NIr)'0*.2H*0  is  obtained  by  adding  oxalate  of  manganese  to  a  boiling 
saturated  solution  of  oxalate  of  ammonium,  and  filtering  the  rose-coloured  solution  while 
still  hot.  The  crystalline  crusts  composed  of  microscopic  square  prisms,  which  first 
separate  from  the  liquid,  consist  of  the  salt  a.  The  mother-liquor  yields  crystals  of 
different  composition.    (3o u c h ay  <ind  Lenssen.) 

/B.  OMn;(NH^)«0«.C«(NH*)«0*.4HH).— The  mother-liquor  of  the  salt  a,  filtered 
and  left  to  itself  for  twenty-four  hours,  deposited  crystalline  crusts  consisting  of  micro- 
scopic prisms  which  gave  by  analysis  15  24  per  cent  MnO  and  46  20  CO*,  the  formula 
of  salt  /3  requiring  15.37  MnO  and  4663  (PO^. 

7.  C«Mn"(NH<)«0».4C^NH*)»0*.8H«0.--The  motheivli^or  of /3  mixed  with  water, 
yielded,  after  standing  for  a  day,  crystalline  crusts  contaimng  7*44  per  cent.  MnO  and 
47*48  per  cent.  OK)* ;  the  formida  7  requires  7'84  per  cent  MnO  and  47*57  CO". 

9,  The  mother-liquor  of  7  deposits,  after  standing  for  some  time,  crystalline  crusts 
containing  6- 1 9  per  cent  MnO  and  49*82  0*0*,  agreeing  with  the  formula  O^Mn''(NB:«)*0*. 
C«(NH*)»018H«0,  which  requires  617  MnO  and  49*86  C»0». 

All  these  salts  are  decomposed  by  water  and  effloresce  rapidly  in  the  air.  The 
colour  is  reddish  or  white  according  to  the  proportions  of  manganese  contained  in  them. 
Those  which  contain  a  large  proportion  of  manganese  separate  in  small  prisms,  while 
those  with  a  smaller  quantity  of  manganese  are  deposited  in  crystalline  crusts  or 
nodules,  and  always  after  the  solution  1:^  been  left  at  rest  for  some  time.  (Soucha  y 
and  Lenssen.) 

c.  Oxalate  of  Manganeee  and  Manganammomum.  C^n''(N*H*Mn'')'0',6H*0. — 
When  a  boiling  solution  of  oxalate  of  ammonium  is  saturated  with  oxalate  of  maDganese^ 
the  liquid  filtwed,  and  ammonia  added  till  the  filtrate  smells  slightly  of  it»  a  white  on 
slightly  green  crystalline  powder  is  precipitated,  consisting  of  transparent  microscopic 
crystak,  which  have  the  form  of  square  prisms,  but  are  so  much  truncated  that  they 
are  scarcely  distinguishable  from  cubes.    (Souchay  and  Lenssen.) 

Winkelblech  assigned  to  a  salt  prepared  in  a  similar  manner,  the  formula  4NH'. 
C<Mn''(NH«)*0*.2C>Mn^'0«.8H*0,  the  accuracy  of  which  is  ealled  in  question  by 
QmeXin  (Handbook,  ix.  147).  The  salt  decomposes  quickly  in  contact  with  water, 
turning  brown  and  absorbing  oxygen.  At  100°  it  gives  off  6  at  water,  assuming  at 
the  same  time  a  &unt  brown  colour.     (Souchay  and  Lenssen.) 

PotasHo-mangamme  Oxalate,  C'Mn''KK)*.2H'0.~  Obtained  in  reddish  crusts  by 
adding  manganous  oxalate  to  a  boiling  concentrated  solution  of  oxalate  of  potassium, 
and  leaving  the  filtrate  to  oooL  Gives  off  aH  its  water  at  100°.  (Souchay  and 
Lenssen.) 

Potassio-manganie  Oxalate  is  best  obtained  by  saturating  8  pta.  of  oxalic  add  with 
carbonate  of  potassium,  adding  4  pts.  of  oxalic  acid,  and  then  peroxide  of  manganese  till 
the  liquid  exhibits  but  a  faint  acid  reaction.  The  purple  liquid  thus  formed  is  very 
easily  decomposed  by  light  and  heat.  Mixed  with  alcohol  in  the  dark  and  in  a  vessel 
externally  cooled,  it  deposits  potassio-manganic  oxalate  (probably  0^Mu'*'K*0*'.3H*0), 
in  purple-red  crystals  which  however  cannot  be  dried  without  deoompoRition.  (Sou- 
chay and  Lenssen.) 

Sodio-manganotu  Oxalate,  Oxalate  of  manganese  dissolves  pretty  fireel^  in  warm 
oxalate  of  sodium,  and  the  solution  deposits  crystalline  crusts  containing  variable  quan- 
tities of  manganese,  and  probably  consisting  of  sodic-oxalate  having  oxalate  of  man« 
ganese  mechanically  inclosed  within  it     (Souchay  and  Lenssen.) 

Oxalates  of  Mbbcubt. — a.  Mercuroue  Oxalate,  CHg'O^  is  obtained  in 
the  anhydrous  state  by  heating  mercuric  oxalate  to  164°.  It  is  also  produced^  by  heating 
mercurous  nitrate  with  excess  of  oxalic  acid,  as  a  white  precipitate,  which  is  insoluble 
even  in  hot  water,  and  obstinately  retains  hygroscopic  water,  from  which  indeed,  it 
cannot  be  treed  without  decomposing  into  mercuric  oxalate  and  metallic  mercury  ;  this 
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decompoeition  takiiig  plaee  at  100^.  The  Mina  prodacts  are  obtained  when  mercoroiia 
oxide  18  heated  with  oxalic  acid. — The  anhydrous  salt  obtained  by  the  flist  method, 
begins  to  decompose  only  at  175^  (Sonehay  and  Lenssen).  According  to  Harff 
(N.  Br.  Arch.  ▼.  264)  meraaona  oxalate  obtained  by  precipitation  and  dried  at  100^ 
contains  C^Ble^^.HH). 

Mercnroos  oxalate  is  insolnble  in  oxalic  add,  easily  soluble  in  hot  nitric  add ;  in 
cyanide  and  snlphocyanate  of  potassium,  it  dissolves  yeiy  easily,  with  separation  of 
metallic  mercury;  it  is  also  somewhat  soluble  in  ammonia-salts.  Heated  with  oxalate 
of  potasnum,  sodium,  or  ammonium,  it  fonns  double  mercuric  oxalates,  with  separation 
of  mercury.  It  detonates  when  heated. — ^With  ammonia  it  forms  a  greyish-black 
powder,  supposed  by  Harff  to  be  8Hg*0.2NH'.CO' ;  it  does  not  howeyer  appear  to  be 
of  constant  composition.    (S  o  u  c  h  a  y  and  Lenssen.) 

Mercuric  Oxala  te,  C*Hgf 0^ — Obtained  ptire  as  a  white  amorphous  powder,  by 
adding  a  solution  of  mercuric  nitrate  to  excess  of  oxalic  add,  or  by  prolonged  digestion  of 
yellow  mercuric  oxide  with  oxalic  add  (Souchay  and  Lenssen).  It  is  decomposed 
h^  heat,  giving  off  carbonic  anhydride  and  metallic  mercury.  When  d^,  it  detonates 
violently  on  being  rubbed.  It  is  easily  soluble  in  hvdro<mloric  add,  less  soluble  in 
cold  nitric  add,  insoluble  in  oxalic  add.  Decomposed  by  carbonate  and  phosphate  of 
sodium.  Heated  with  solution  of  sal-ammoniac,  it  gives  off  carbonic  anhydride,  and 
yields  oxalate  of  ammonium  and  mercurous  chloride.    (Souchay  and  Lenssen.) 

Ammottio-mercurio  Oxalate.  G«Hgf(KH«)K)*.2HK>.— Predpitatedon  adding  recently 
precipitated  mercuric  oxalate  to  a  Iwiling  concentrated  solution  of  neutral  oxaUteoJf  am- 
monium, in  white  microscopic  needles,  easily  decomposed  by  light  and  heaL  Loses 
12*6  per  cent  of  its  weight  at  100^,  and  decomposes  with  a  hisdnff  noise  at  a  higher 
temperature,  leaving  no  reudue.  It  is  decomposed  by  water,  and  does  not  dissolve  in 
alconol  or  etiier.    (Souchay  and  Lenssen.) 

Oxalate  of  TBtra^-mercuramrnoniumhBs  been  already  described  (iiL  91 8X 

Potassiomareuric  Oxalate,  C*He'^K)*.2H*0.— Prq>ared  like  the  preceding.  Small 
white,  beautifully  iridescent  crystaUine  scales,  which  under  the  microscope  appear  like 
square  prisms.  It  is  decomposed  by  water  gives  off  water;  and  turns  Uack  at  lOO**; 
and  is  partially  decomposed  oy  lig^t.    (Souchay  and  Lenssen.) 

Mercuric  ondate  does  not  oissolve  in  oxalate  of  sodium. 

OxALATS  or  MoLTBDiNUX  fBcrselius,  Pogg.  Ann.  vi  848).  Molybd&us 
Oxalate, — ^Dark  grey  precipitate,  whioi  turns  black  when  dried,  and  is  sparing  sol- 
uble in  excess  of  oulic  acid. 

Potassio-^nolybdotis  Oxalate  is  purple  and  soluble  in  water. 

Molybdio  Oxalate  ciystallises  in  blackish-blue  crystals  when  the  aqueous  solution  is 
left  to  evaporate  spontaneously.  From  its  solution  in  water,  which  is  red,  ammonia 
throws  down  a  pale  brick-red,  baaio  salt  insoluble  in  excess  of  ammonia. 

Potaseio-mofybdic  Oxalate  formed  by  digesting  molybdic  hydrate  in  salt  of  sonral  is 
Soluble  in  water.    (Berselius.) 

Motyhdoeo^motyhdie  Oxalate.  Blue  oxide  of  molybdenum  dissolves  in  oxalic  add, 
formii^  a  blue  solution  which  leaves  a  blue  mass  when  evaporated,  becomes  green 
when  diluted  with  a  small  quantity  of  water,  but  brown  on  being  mixed  with  a  large 
quantity.     (Hever,  CrelL  Ann.  1784,  ii.  14.^ 

Oxalat(Mnolyoduf  aeid  is  formed  by  digesting  molybdic  trioxide  with  aqueous  oxalic 
add.  The  solution,  which  is  colourless  even  when  the  molybdic  add  is  in  excess^  yields 
on  evaporation  a  colourless  jelly  which  becomes  crystalline  without  further  deancation, 
dissolves  in  water,  and  with  yellow  colour  in  alcohol  (Beraelins.)  The  aqueous  solu- 
tion of  salt  of  sorrel  readily  dissolves  molybdic  add,  Ibiming  a  non-ciystaJlisable 
oxalat(h  molybdate  of  potasnum.    (Berzelius.) 

Oxalate  of  Nicxbl,  C'Vi''0^.2H'0.  Greenish-white  predpitate  insoluble  in 
water,  soluble  in  ammonia  and  in  ammoniacal  salts.  It  dissolves  also  in  potash,  fbrm- 
ing  a  crystallisable  potassio-mckel^oxalate. 

Neutral  oxalate  of  ammonium  dissolves  oxalate  of  nickel,  and  the  solution  yields  by 
emporation  green  ynBrna  of  ammonuh-niekel-^xalate,  Cto  adding  to  the  aqueous  solution 
of  this  salt  a  small  quantity  of  ammonia,  a  pale  green  predpitate  is  formed,  eondsting; 
according  to  Winckelblech  (Ann.  Ch.  Pharm.  xiii.  278),  of  oxalate  of  nickel  and 
mckel-ammonium,  C<Ni''(N«H«Ni'')*0«.6H«0. 

Oxalate  of  i/ickel'-eobalt-am?noniumf  (see  p.  268). 

OxALATB  OF  PALLADIUM.— Alkaline  oxalates  added  to  a  solution  of  palladious 
nitrate,  form  a  light  yellow  predpitate. 

JmnumiO'palladious  Oxalate,  C*Pd"(NH*)«0«.2H»0,  obtained  by  dissolving  hydrate  or 
carbonate  of  palladium  in  acid  oxalate  of  ammonium,  oystallises  in  bronze-yellow  rhom- 
boidal  prisms  containing  2  at.  water,  or  sometimes  in  needles  containing  8  at.  water. 

Oxalates  of  Platinum,    o.  Platinoue  mM— Platinate  of  sodium  dissolves 
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in  varm  aqueous  oxalic  add,  carbonic  anhydride  being  eTolred,  and  the  platinic  oxide 
reduced  to  platinoaa  oadde.  The  aulution,  which  has  first  a  red,  then  a  violet,  and 
ultimately  a  deep  indigo  colour,  deposiU  dark  copper-coloured  needles,  which  were 
supposed  by  Bobereiner  (who  did  not  analyse  them)  to  be  platinous  oxalate ;  but, 
according  to  Souchay  and  Lenssen,  they  contain  44'4  percent,  platinous  oxide,  and  12*00 
soda,  agreeing  nearly  with  the  formula  of  sodio-platirunts  oxalate^  C*Na'Pt''0".2H^0. 
This  siut,  when  moist,  is  decomposed  by  exposure  to  the  air ;  it  dissolves  in  hot  water, 
forminff  a  greenish  solution,  which  becomes  blue  on  evaporation,  and  is  decolorised  by 
hydrochloric  acid.  It  is  insoluble  in  alcohol  and  in  ether  (Souchay  and  Lenssen). 
It  explodes  when  heated.     (Dobereiner.) 

0.  Platinic  soli. — ^According  to  Bersmann,  the  precipitate  formed  by  soda  in  solution 
of  platinic  chloride  dissolves  in  oxalic  acid,  forming  a  yellow  solution  which  yields 
crystals  of  the  same  colour;  but  thej  have  not  been  analysed. 

The  oxalates  of  the  platinammomums  will  be  described  under  PLAmnTM-BASES. 

OxALATSS  OF  PoTASsivK.  o.  Nfutral  salt,  C*KK)^.HH}.^Obtained  by  saturat- 
ing either  of  the  acid  salts  with  carbonate  of  potassium.  It  forms  transparent  crystals 
very  soluble  in  water,  insoluble  in  alcohol,  and  giving  off  their  water  (97  per  cent. )  at 
160^.  The  crystals  are  monoclinic,  and  often  bare  their  faces  twisted,  so  that  they 
exhibit  concavities  and  convexities.  Dominant  faces,  •*-  P  .  —  P  .  ooPoo  .  «i-  Poo  . 
—  Poo  .  oP.  Batio  of  axes,  a:b:e  ^  0*6748  :  1  :  1-1672.  Angle  of  axes,  b  :  c  '^ 
69-60;  +  Poo  :  odPoo  »  ISO®  36';  -  Poo  :  ooPoo  »  148^20^;  +  Poo  :  oP  - 
118°  40';  -  Poo  :  oP  -  1420  10';  -  P :  oP  -  126°  lO*;  +  P  :  oP  -  106°  64'; 
+  P :  -  P  »  127°  10';+  P  :  ooPoo  118°  36';  -  P :  ooPoo  ^  about  129°  (De  la 
Provostaye,  Ann.  Oh.  Phys.  [3]  iv.  464).  According  to  B^rard,  neutral  potassic 
oxalate  sometimes  crystallises  with  8  at  water. 

^  Acid  salt,  DioxaiaU  or  BinoxakUe  of  Potassium,  Salt  of  Sorrel,  C'HKO^^ 
This  salt  is  contained  in  the  juice  of  various  species  of  Rtimcx  and  Oxalis,  whence  it 
raav  be  extracted  by  clarifying  the  juice  with  clay,  white  of  egg,  or  bullock's  blood, 
and  leaving  the  clear  liquor  to  crystailise ;  it  is  prepared  by  this  process  in  large 
quantities  in  the  Black  Forest.  It  may  also  be  prepared  by  partially  neutralising 
oxalic  acid  with  carbonate  of  potassium.  It  forms  transparent  crystals  which  have  a 
sour  taste,  redden  litmus,  dissolve  sparingly  in  cold  water,  and  in  14  pts.  of  boilins 
water  (Wens  el);  in  4  pts.  of  boiling  water  {WdtzierCs  St/8t,)\  in  40  pts.  of  cold 
and  6  pts.  of  boilins;  water  (Berg.  Lekrb.),  nearly  or  quite  insoluble  in  cold  alcohol, 
soluble  in  84  pts.  of  boiling  alcohol  (see  Storer's  Dictionary  of  SokUMities,  p.  428). 

The  crystals  of  salt-of-sorrel  are  commonly  said  to  contain  1  at.  water ;  C'HKO' 
H'H).  According  to  Be  1  a  Pro  vost ay  e  (loc.  cit.)  they  probably  belong  to  the  trimetric 
system,  bavins  Uieir  axes  in  the  ratio  0*9494  :  1  :  4*123  and  exhibiting  the  combina- 
tion f  00  .  ooPflo  .  oDpoo  .Poo  .  PJ  .  Pf  Angle  too  :  oof  oo  =  103°  38';  oopoe  : 
Poo  -  133°  26';  ^oo  :  Poo  -  132°;  f oo  :  P^  -  130°  36';  Poo  :  Pf  »  about 
149°  60';  Poo  ;  PJ  -  127°  60. 

According  to  Bammelsberg  (Pogg.  Ann.  xciii.  24),  the  czystals  obtained  by  half 
saturating  oxalic  acid  with  carbonate  of  potassium  contain  4C'HK0^.H'0,  and  are 
trimetric,  having  their  axes  a:  b:  e^  0*9478  :  1  :  0*6876,*  and 'exhibiting  the  combi- 
nation P  :  2P.  odP  .  ooPoo  .  oP  :  7Poo ,  only  half  of  the  pyramidal  and  prismatic  faces 
however,  being  commonly  present.  Angle  oP :  7f  oo  •  103°  40* ;  7^«>  :  7f  •  (basal)  *= 
162°  40' ;  2P  :  ooP  =  149°  39*;  P  :  oP  -  139 '  30'.     Qeavage  perfect  parallel  to  oP. 

AccordEing  to  Harignac  (Recherches  sur  Us  formes  cristallines  de  mtflgufs  eomposis 
ehimiques,  5en&ve  1866;  Jahresb.  1866,  p.  462),  the  ordinaiy  crystals  of^salt-of-sorrel 
areaimydrou8(C*HKO^),  and  belong  to  the  monoclinic  system  exhibiting  the  combination 
ooP  .  ooPoo  .  [  ooPoo  ]  .  oP  .  [Poo  J  .  [2Poo  ]  .  P  .  +  2P2  +  ^Poo .  Angle  ooP  :  ooP 
(clinod.)  =  162°  36*;  [Poo]  :  [Poo ]  (clinod-)^ -  119°  40  ;  [2Pflo]  :  [2Poo  ]  (cUnod.) 
«  81°  24';  oP:  ooPoo  -.  188*  29';  oP:  ooP  -  131°  67';  [ooPoo]  :  [?•  1  -  120' 
10';  [odPoo]  :  +  2P2  —  122°  IS'.f  Cleave  very  easily  parallel  to  ooPoo  ;  le«s 
easily  parallel  to  [  ooPoo  ]. 

In  preparing  potassio-antimonic  oxalate  (p.  262),  Bammelsbei^  obtained  crystals  of 
acid  potassic  oxalate  containing  2C*HK(>*.S'0.  These  crystals,  which  effloresced  very 
quickly,  were  trimetric  prisms  exhibiting  the  combination  ooP .  odj^  .  odPoo  .  P  . 
8P3.  Batio  of  axes,  a:b:e  -  0*4690  :  1  :  61969.  Angle  ooP  :  ooP  «  180°  42*. 
These  measurements  have  been  confirmed  by  Marignac. 

Acid  oxalate  of  potassium  is  used  as  a  weak  acid  for  soonring  metals ;  also  for 
removing  ink-si  ains  and  iron-mould,  the  double  oxalate  of  iron  and  potassium  being 
soluble  in  water. 

*  Id  D«  U  ProvofUye't  reeanirementi,  the  primary  forn  U  a  pyramid  with  iU  axii  seven  timet  a«  long 
as  in  ihote  of  RamneUberg. 

t  The  faces  hrre  denuted  by  [  »P«  ]  and  •(•  31*3  wfre  regarded  by  RammeUbcrg  at  b-  longhic  to  a 
rhombic  prUm. 
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n^fperacid  salt.  Tetroxalate  or  Quadroxalais  of  Potassium^  C*H'K0'.2H'0  or 
C*HK0*.C*H«0«.2H=0.— Thi«  suit  discovered  by  Savary  and  Wiegleb,  and  analysed 
by  Wollaston  (^i^il-  Trans.  1808,  p.  99),  is  pmDared  bv  saturating  1  pt  of  oxalic  acid 
with  carbonate  oi  potassium,  adding  3  pts.  of  oxsuic  acid  and  leaving  tlie  solution  to 
crystallise.  A  solution  of  equal  parts  of  oxalic  acid  and  chloride  of  potassium  also 
deposits  this  salt  in  crystals  on  cooling.    (Anderson,  Chem.  Soc  Qu.  J.  i.  231.) 

Hyperacid  oxalate  of  potassium  crystallises  in  beautiM  tridinic  prisms,  sometimes 
of  large  dimensions.  Dominant  combination  oo^'P  .  ooPoo  .  ooP/  .  oot^oo  .  2  P^  od  . 
oP  .  2^00,  with  the  secondary  faces  4^, «»,  4 Foe,  F,  T,  JF,  FJ,  oo'pi,  p. 
Axes  a  :  b:  c  «  2*10044  :  3'2555  :  1,  the  axis  a  oeing  supposed  vertical,  b  directed 
from  left  to  right,  e  towards  the  observer.  Angles  of  the  axes  a  ■-  96°  IST ;  j3  ■■ 
790  29';  y  «  97°  S*.  Inclinations  of  feces  oP  :  ooP/  -  82°  SO';  oofoo  oop'  » 
111°  20';  P;  :  (»;P  -  146°  33';  oP  :  2;Foo  -  144°  Z(f;  2'P,  oo  :  ooPoo'  « 
119°  26';  oP:2,Foo-  148°  10';  2;P'qo  :  oofoo  .  127°  56'  (De  la  Provostaye, 
he,  eit.  The  measurements  have  been  confirmed  by  Bammelsberg).  The  crystals  dis- 
solve in  20*17  pts.  water  at  20°  and  give  off  their  water  of  crystanisation  at  128°. 

According  to  B^rard,  this  salt  is  sometimes  met  with  in  commerce  as  salt  of  sorrel, 
according  to  G-melin,  when  the  latter  is  prepared  by  half  neutralising  oxalic  acid  with 
carbonate  of  potassium. 

OxALATBS  OF  RuBiDiuiT.  The  fuuirol  solt,  C*Bb'O^H'0»  crystallises  by  slow 
evaporation  of  a  cold  saturated  solution,  in  irregular  imperfectly  developed  monoclinie 
crystals  isomorphous  with  those  of  the  neutral  potassium-salt  and  exhibiting  the  com- 
bination P  .  odFoo  .  +  Poo  .  oP.  The  inclinations  of  the  faces  are  approximately 
+  P:  +  P(clin.)  =  73°;  -  P:  +  P  (basal)  -  122  to  113^";  ooPoo  :  -  P  - 
129°  to  180°.      (Pic card,  J.  pr.  Chem,  Ixxxvi.  449.) 

The  add  salt,  CKRbO\  forms  small  monodinic  crystals,  isomorphous  with  the  acid 
r^tassium-salt^  and  generally  exhibiting  the  combination  ooP  .  [  ooPoo  ]  .  [Poo  ]  . 
[2Pao]  .oP.  Approximately,  ooP  :  ooP  (cHn.)  -  162°  30*;  [Poo]  :  [Poo],  in  the 
same  »  122° ;  [2Pao  ]  :  [  ooPoo  ]  »  137°  46'.  The  prismaUc  faces  are  vertically 
striated.     (Piccard.) 

The  hjtfperaM  salt,  C'H'RbO^  is  obtained  in  large  crystals  by  dissolving  the  acid 
■alt  in  dilute  nitric  acid,  and  leaving  the  solution  to  evaporate.  (Grandeau,  Ann.  Ch. 
Phys.  [3]  Uvii.  166.) 

OxALATB  ov  81LVBR.  CAg*0^ — Obtained  pure  and  anhydrous  as  a  white* 
crystalline  precipitate,  by  adding  oxalic  acid  to  nitrate  of  silver.  It  is  very  sparingly 
soluble  in  cold,  somewhat  more  in  hot  water,  perfectly  insoluble  in  alcohol  and  ether. 
It  dissolves  readily  in  ammonia  and  carbonate  of  ammonia ;  the  solution  turns  brown 
when  exposed  to  light,  and  when  slowly  evaporated  in  the  dwk,  yields  the  oxalate  of 
silver  in  large,  hard,  shining  prisms.  It  decomposes  between  110°  and  160°,  and  de- 
tonates when  suddenly  heated.  With  iodide  of  methylene,  oxalate  of  silver  yields  dioxy- 
methylene,  C»H*0',  together  with  iodide  of  silver  and  a  mixture  of  carbonic  anhydride 
and  carbonic  oxide  (Butlerow,  iii.  1006). — ^With  chloride  0/ ben:pylene,C'B.*Cl% it 
yields  by  a  similar  reaction,  bitter  almond  oil : 

C'H«C1«     +     0«Ag*0«       =       CH^O     +     2Aga     +     C0«     +     O. 
With  iodide  of  ethylene,  on  the  contrary,  it  yields  nothing  but  iodide  of  silver  and  a 
mixture  of  carbonic  anhydride  and  carbonic  oxide : 

C«H*I«     +     C»Ag»0*       «.      2AgI     +     CO*     +     CO. 
Similarly  with  bromide  ofamylene,     (Golowkinsky,  Ann.  Ch.  Pharm.  exl  262.) 

(C«0«)'-)j^, 
Ammonio-oxalaie  of  Silver,  4NH'.C'Ag*0^  ■■      Ag*    V/^,  is  obtained  as  a  spongy 

tumefied  mass  by  paning  dry  ammonia-gas  over  dry  oxaJate  of  silver.  It  is  easily 
soluble,  has  an  alkaline  reaction,  and  is  decomposed  by  acids  with  separation  of  oxalate 
of  silver.    (Souchay  and  Lenssen.) 

OxALATBS  OF  SoDiUM.  The  neutral  salt,  C*Na"0*,  occurs  in  a  great  number  of 
plants,  and  is  found  in  varech,  by  the  incineration  of  which  carbonate  of  sodium  is 
obtained.  It  is  anhydrous  and  difficult  to  obtain  in  regular  crystals.  1  pt  of  it  dissolves 
in  26-78  pts.  water  at  21-8°  and  in  16  pts.  of  boiling  water  (Pohl) ;  in  364  pta.  water 
at  ordinary  temperatures  and  24*6  pts.  boiling  water.     (Rammelsberg.) 

The  aeid  oxalate,  C*HNaO*.H*0,  forms  crystals  which  redden  litmus. 

Sodio-pniassic  oxalate  has  not  been  obtained.  A  boiling  solution  of  salt  of  sorrel 
neutralised  with  carbonate  of  sodium  yields  on  cooling  or  evaporation  nothing  but 
neutral  oxalate  of  sodium.     (Rammelsberg.) 

Oxalates  of  Stbohtixjm.  The  neutral  salt,  C»Sr''0<.H*0,  obtained  by  pre- 
cipitating a  strontium-salt  with  a  neutral  alkaline  oxalate,  is  a  white  powder  soluble  in 
10-20  pts.  of  boiling  water,  sparingly  soluble  in  cold,  easily  in  hot  solutions  of  chlorid<» 
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or  nitrate  of  amiDoniom ;  retaiiu  ita  water  of  crystallisation  at  100^.  Wicke  (Ann. 
Gh.  Pharm.  jk.  108),  by  precipitating  nitrate  of  strontinm  with  oxalic  add,  obtained 
a  salt  in  microscopic  square-based  octahedrons  containing  G^r'^O^.SH'O. 

Acid  salt, — Clapton  (Cfaem.  Soe.  J.  vi  123),  by  mixing  concentrated  solutions  of 
jQxalie  acid  and  chloride  of  strontium,  obtained  crystals  intermediate  in  composition 
between  the  neutral  and  acid  oxalates  of  strontium.  Sou  ch  ay  and  Lens  sen  once 
obtained  a  salt  containing  C«Sr''0^C«H«0*.2H«0  or  C*H»SirO«.2HK),  by  mixing  a 
rather  strong  solution  of  chloride  of  strontium  with  1  or  2  measures  of  strong  hydro- 
chloric acid,  and  3  or  4  measures  of  solution  of  oxalic  acid  saturated  at  60^.  After 
standing  for  some  days  at  0°,  the  liquid  deposited,  toeether  with  oxalic  acid  and  the 
neutral  salt,  crusts  of  an  acid  salt,  consisting  of  highly  lustroua  prismatic  crystals 
with  pyramidal  summita,  mostly  united  in  geodes.  These  crystals  effloresced  in  the 
air,  and  were  resolved  by  water  into  free  oxalic  acid  and  the  neutral  salt.  They  gave 
by  analysis  34'0  per  cent,  strontia,  the  formula  requiring  34*4  per  cent. 

OxAiiATi  OF  Tantalum  ?  Oxalic  acid  dissolves  only  a  trace  of  tantalic  oxide, 
but  salt  of  sorrel  dissolves  it  in  considerable  quantity,  forming  a  colourless  solution 
from  which  alkalis  throw  down  tantalic  oxide.     (Berzelius.) 

Oxalate  of  Tbllubium?  Oxalic  acid  dissolves  telluric  hydrate,  and  the 
solution  yields  radiate  crystalline  grains  which  dissolve  easily  and  without  decomposition 
in  water.    (Berzelius.) 

OxALATBs  OF  Thallivm.  The  neutral  salt^  CTIK)*,  is  prepared  by  boiling 
together  equivalent  quantities  of  thallic  carbonate  and  oxalic  acid  in  iust  sufficient 
water  to  diKsolve  the  product  while  hot  On  cooling,  the  oxalate  orystaUises  in  small 
white lustrouB  prisms  (Crooke8,Chem.  Soc.  J.  xvii.  150);  in  small  nearly  right-angled 
four-sided  laminae  (K u hi m  a n n,  Gompt.  rend.  Iv.  607).  It  dissolves  in  69*8  pta.  water, 
at  15 '5^  and  in  11  pts.  boiling  water ;  insoluble  in  alcohol.  Hydrochloric  acid  oonyerts  it 
into  a  spon^  mass  of  chloride  of  thallium.  It  may  be  heated  to  271^  without  appre- 
ciable loss  OT  weight ;  but  decomposes  at  a  red  heat,  leaving  a  mixture  of  oxide  and 
metallic  thallium.    (Crookes.) 

The  acid  saltf  C*HT10*.H*0,  crystallises  in  large  pearly  plates  which  are  slightly  efflor- 
escent and  gire  off  their  water  at  138°.  Dissolves  in  18*7  pts.  water  at  15*5^  and  in 
less  than  its  own  bulk  of  boiling  water,  forming  a  syrupy  solution.  It  is  strongly  acid 
to  test-paper.     (Crookes.) 

OxALATB  OF  Thobikum.  CTh'O^BK). — Heavy  white  precipitate  insoluble  in 
water,  very  slightly  soluble  in  oxalic  acid  or  in  dilute  mineral  acids.  (Berzelius. 
Chydenius,  Pogg.  Ann.  cxix.  43.) 

Potasno-thorinic  oxalate.  White  precipitate  insoluble  in  water  and  in  aqueous  oxalic 
acid.  Turns  black  when  ignited,  and  then,  if  in  contact  with  the  air,  leaves  a  white 
mixture  of  thorina  and  carbonate  of  potassium.     (Berzelius.) 

Oxalates  of  Tin.  a.  Stannous  salts.^The  salt  G'Sn  0^  is  obtained  easily 
and  in  large  quantity  by  pouring  a  solution  of  tin  in  acetic  acid  into  boiling  aqueous 
oxalic  acid.  The  stannous  oxiuate  beinff  nearly  insoluble,  separates  immediately  in 
shinine  neutral  anhydrous  needles  resemb^ng  artificially  cryatalliBed  calcic  sulphate.  It 
is  insoluble  in  cold  water,  and  is  partially  decomposed  by  boiling  water,  with  production 
of  a  white  salt  ^Hausmann  and  Lowenthal,  Ann.  Ch.  Pharm.  bmx,  104).  This 
salt  treated  with  warm  caustic  ammonia  yields  white  stannous  hydrate,  but  with 
a  somewhat  concentrated  solution  of  caustic  potash,  it  yields  anhydrous  stannous  oxide. 
Hydrochloric  add  at  the  boiling  heat  dissolves  an  almost  unlimited  quantity  of  stannous 
oxalate ;  and,  as  the  solution  coolf«,the  whole  of  the  oxalic  acid  is  deposited  in  crystals, 
while  stannous  chloride  remains  in  solution ;  but  if  a  little  water  be  added  to  the 
solution,  stannous  oxalate  crystallises  out.     (K.  Bottger,  J.  pr.  Chem.  Ixxvi.  238.) 

Stannous  oxalate  dissolves  in  the  oxalates  of  ammonium,  potassium,  and  sodium, 
forming  double  salts. 

Ammonio-stannous  oxalate,  C*Sn''(NH*)'0*.H*0,  is  obtained  by  dissolving  stannous 
oxalate  in  a  boiling  concentrated  solution  of  oxalate  of  ammonium,  and  mixing  the  solu- 
tion when  cold  with  alcohoL  It  then,  after  some  time,  deposits  the  double  salt  in  stellate 
groups  of  needles  which  effloresce  in  the  air,  are  insoluble  m  alcohol,  and  have  a  very  sweet 
taste.  The  concentrated  solution,  when  left  to  itself  for  some  time,  deposits  stannous 
oxalate  (Hausmann  and  Lowenthal).  This  salt  is  isomorphous  with  the  potas- 
sium-salt iii\f.);  it  fuses  and  detonates  when  heated.  (Bouquet,  Ann.  Gh.  Pharm. 
Ixiv.  278.) 

Potassw-stannous  oxalate.  Obtained :  1.  By  dissolving  recently  precipitated  stan- 
nous oxalate  in  a  hot  concentrated  solution  of  neutral  oxalate  of  potassium ;  purified  by 
reciystallisation  (Hausmann  and  Lowenthal). — 2.  By  treating  add  oxalate  of 
potassium  with  a  large  excess  of  stannous  oxide  (Bouquet). — Transparent,  colourleiss 
prismatic  crystals  which  dissolve  readily  in  hot  water,  less  readily  in  cold  water,  and 
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ai«  insolttble  in  alcohol  (HsuBmannandLoireiithal). — ^Bonqnet's  salt  fonna  large 
oolourlew  erystala,  which  difliolTa  veadily  in  cold  water,  fonninff  a  solution  which  he- 
comes  milky  after  a  while,  and  decomposes  quickly  when  boiled,  yielding  first  a  white 
gelatinous  and  afterwards  a  black  precipitate. — The  salt  has  a  strong  sweet  taste,  but 
jeares  a  bitter  after-taste.  It  reddens  litmus,  and  is  not  decomposed  when  heated  at 
100^  in  contact  with  the  air.    (Hausmann  and  Lowenthal.) 

Sodio^tannous  oxalate.  Prepared  like  the  potassium  salt  which  it  resembles  (H.  and 
L. ).    Anhydrous  and  crystalhsable  (Bouquet.) 

fi.  Stannic  salt.  Recently  prepaied  stannic  oxide  (obtained  by  precipitating  a  solu- 
tion of  stannic  chloride  with  sulphate  of  sodium)  dissolTes  readily  in  warm  ozidic  acid, 
and  a  nearly  saturated  solution  yieldi  by  evaporation  white  shining  laminae  containing 
variable  quantities  of  stannic  oxide,  and  becoming  by  repeated  crystallisation  con- 
tinually poorer  in  that  substance,  till  at  length  pure  oulic  acid  crystallises  out.  The  same 
solution  yields,  with  sulphuric,  nitric  or  hydrochloric  acid — also  with  alkalis,  alkaline 
carbonates,  chlorides,  nitrates,  sulphates,  &c. — white  precipitates  soluble  in  water  and 
containing  12SnO'.C*OM2H*0.  The  precipitate  formed  by  the  fixed  alkalis  or  their 
carbonates  becomes  insoluble  in  water,  when  left  in  contact  with  it  for  some  time  or 
heated  with  it.    (Hausmann  and  LowenthaL) 

OxALATV  or  TiTANiuic  Precipitated  in  the  form  of  a  curdy  mass,  on  boiling 
an  aqueous  solution  of  a  titanic  salt  mixed  with  oxalic  acid  (Laugier).  Any  ferric 
oxide  that  may  be  contained  in  the  liquid  remains  in  it  for  the  most  paiti  The  dried 
precipitate  imparts  to  moist  litmus-paper  a  red  tint,  which  nearly  disappears  on  drying. 
The  precipitate  is  soluble  in  excess,  both  of  aqueous  oxalic  add  and  of  hydrochlorate  of 
titanium.    Contains  12TiO«.C*TiO«.12H«0.    (H.  Rose.) 

0XA.I.ATX8  OF  UBAirinM.  o.  Uranous  salts. — TJranous oxalate,  Cn7''0*.8H'0, 
is  a  ereenish-white  precipitate  obtained  by  mixing  a  solution  of  uranous  chloride  with 
oxalic  acid ;  gives  off  2  at  water  in  vacuo. 

AmmoniO'Uranous  oxalate,  C*{KK*yTJ''0*  is  obtained  in  ciystals  by  boiling  recently 
precipitated  uranous  hydrate  in  a  solution  of  acid  oxalate  of  ammonium  (Rammels- 
berg). — Potassio-uranous  oxalate  obtained  in  a  similar  manner  is  a  grey  powder. 

fi.  Uranie  salts,  Uranie  oxalaU  or  OxalaU  of  Uranyl,  C^TPO^fO^SRHy.iB  de- 
posited  in  crystalline  grains  on  mixing  a  warm  concentrated  solution  of  uranie  nitrate  with 
oxalic  acid,  and  leaving  the  solution  to  cool.  The  air-dried  salt  heated  to  100^ — 120^ 
gives  off  nearly  9  per  cent.  (2  at.)  water,  which  it  takes  up  again  on  exposure  to  the 
air ;  at  300^  the  mono-hydrated  salt  ttims  brown  and  is  converted  almost  instantly, 
with  evolution  of  water  and  carbonic  anhydride,  into  a  copper-coloured  powder  of 
uranous  oxide,  which  by  ignition  in  the  air  is  converted  into  green  nranoso-uranic 
oxide:  C*(U«0T9*  -  2U0   +   2C0*     (Ebelmen,  Ann.  Ch.  Phys.  [3]  v.  189.) 

Uranie  oxalate  is  nearly  insoluble  in  cold  water,  dissolves  in  80  pts.  of  boiUng  water, 
is  more  soluble  in  acids,  and  dissolves  easily  in  the  oxalates  of  ammonium  and  potas- 
sium, forming  double  salts  which  crystallise  on  cooling. 

Ammonio-uranie  oxalate,  C*(NH*)'(U*0*)'*0*.4H*0,  is  obtained  in  fine  transparent 
yellow  crystals  by  dissolving  uranie  oxalate  in  warm  aqueous  ammonia  (P  ^  1  i  g  o  t).  The 
dystalB  are  trimetric  prisms,  exhibiting  the  combination  f  oo .  oo^oo .  00^2  .  coP.  opPoo . 
Axes  a:b:c  ^  0*6686  :  1  :  0*5941.  Angle  ^oo  :  t^oo  »  112<'  28' :  odI^qo  :  ooP2  »- 
139^  65' :  00^2  :  ooP  -=   leO^  46' :  f «  :  oof  2  -   115°  16';  f  00  :  ooP  -  106®  30'. 

Potassio-uranic  oxalate,  OK^(U*0*)''0'.3H'0,  forms  monoclinic  prisms  permanent  in 
the  air  and  giving  off  all  their  water  of  crystallisation  at  100°.      Dominant  faces  ooP, 
ooPoo,  oP.      Angle  ooP  :   ooP  -  131°  2* ;   ooP  :    odPoo    »  114<>  20';  odP  :  oP  - 
111°  28*.    (Ebelmen.) 

Oxalates  of  Vanadiuk. —  Vanadic  oxalate. — Aqueous  oxalic  add  saturated 
with  hydrated  vanadic  oxide  yields  on  evaporation  a  light  blue,  translucent  gum,  which 
dissolves  slowly  in  cold  water,  more  quickly  in  hot  water.  The  aqueous  solution  mixed 
with  a  large  quantity  of  oxalic  add  yielcui  by  spontaneous  evaporation  blue  crystals 
readily  soluble  in  water.     (Berzelius,  Pogg.  Ann.  xxii.  33.) 

Potassio-vanadic  oxalate.  Salt  of  sorrel  saturated  with  hydrated  vanadic  oxide 
dries  up  to  a  dark  blue,  amorphous  varnish,  which  dissolves  slowly  in  water.  (Ber- 
zelius.) 

Oxalo-vanadic  acid.  When  vanadic  oxalate  is  evaporated  with  nitric  add,  and  the 
residue  treated  with  water,  the  greater  part  dissolves,  forming  a  yellowish-red  solution, 
which  on  evaporation  leaves  oxalo-vsnadic  add  in  the  form  of  a  reddish-fellow,  amor- 
phous extract^  likewise  soluble  in  water.  An  excess  of  oxalic  acid  immediately  reduces 
the  vanadic  add  to  vanadic  oxide.    (Berzelius.) 

OxALATB  OF  Yttbium,  C*T'0*.3H*0. — White  precipitate,  bulky  and  curd^  at 
first,  but  shrinking  together  after  a  while ;  insoluble  in  water,  aqueous  oxalic  and  dilute 
hydrochloric  acid,  but  soluble  in  nitric  and  \n  strong   hydrochloric  acid  (Berlin). 
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This  deflcription  applies  strictljr,  not  to  pure  oxalutB  of  yttrium,  but  to  a  mixture  of  the 
oxalates  of  yttrium,  erbium,  and  terbium ;  the  pure  yttrium-Bait  is  more  soluble  in 
acids  than  the  oxalates  of  erbium  and  terbium,  a  property  irhich  aflbrds  the  means  of 
separating  yttria  firom  erbia  and  t€rbia.     (Mosander.) 

Oxalate  of  yUrium  and  potassium,  C*K?Y''0\  is  a  heaTy  vhite  precif^tate,  iuaol- 
uble  in  water. 

OxALATB  or  ZiNO.  C*Zn''0^2H*0. — White  precipitate,  insoluble  in  water,  sol- 
uble in  hydrochloric  acid  and  in  ammonia,  also  in  a  warm  solution  of  sal-ammoniac 

Oxalate  of  sine  and  a9»mo«tfum.-^a.  Deposited  in  needles  when  oxalic  acid  is 
added  to  an  aqueous  solution  of  chloride  of  sine  supersaturated  with  ammonia.  (Wack- 
•nroder,  Ann.  Ch.  Pharm.  x.  68.) 

/9.  When  an  aqueous  solution  of  acid  oxalate  of  ammonium  is  digested  with  car- 
bonate of  sine  till  it  is  completely  saturated,  oxalate  of  sine  separatee  out^  and  the  fil- 
trate when  evaporated  leaves  milk-white  nodules,  containing  C*(NH*)^''0".3H'O» 
which  slowly  effloresce  and  ^ve  off  water,  are  nearly  insoluble  in  cold  water,  but  are 
decomposed  by  hot  water,  with  separation  of  carbonate  of  sine  (K  ay  s  e  r,  Fogg.  Ann. 
Ix.  140.) 

Oxalate  of  sine  and  potassium,  C*K'Zn''0'.4H'0. — ^A  concentrated  solution  of 
normal  oxalate  of  potassium  boiled  for  some  time  with  oxalate  of  sine,  and  then  filtered, 
yields,  on  cooling,  small  transparent  efflorescent  tables,  nearly  insoluble  in  cold  water, 
and  decomposed  by  boiling  water,  with  separation  of  oxalate  of  zinc    (Kayser.) 

OXAI.ATS  OF  ZiBOoiriuiL — Oxalic  add  and  oxalate  of  ammonium  added  to  solu- 
tions of  siroonium-salts,  throw  down  a  white  opaline  flaky  precipitate,  insoluble  in 
water  and  in  boiling  aqueous  oxalic  add.    (Dubois  and  Silveir&) 

OMJkJUtO  ACXOf  AMZBH  OF.  Oxalic  add,  like  other  dibasic  adds  of  the 
series  OH^~*0^  should  yield  four  mmnal  amides  by  elimination  of  water  from  its 
add  and  neutral  ammonium-salts,  thus : 

C«H(NH«)0«    -      EH)        -        0»HWO«        -        (C^O')"!-? 
Add  amaooittm-nlt.  H     J 

*    ■  y  f 

Oxamic  acid. 
C^(NH*)0«      -      2H«0        -        C*HNO«  -       (^'^'^N. 

!ld  ammonium-ialk.  '    . 


Add  ammonium-ialt. 


Oximida  (unknowo). 


C\'SB*yO*     -     2H«0         «        C»HWO«       -        ^^?"(n» 


Nantral  anmo- 
nlam-salt. 


y 

Oxamlde. 


0«(NH*)«0«     -     4H«0        -        C«N«. 
Neutral  antno-  OMoltrlle 

Blum-aalt.  (Cyanogen). 

The  hydrogen  in  oxamic  add  and  oxamide  may  be  more  or  less  replaced  by  aloofaol- 
xtadides,  thus  giving  rise  to  alkalamides,  e,g,  Methyl-oxamic  ad^  C'H*(CH'^0* ; 
diethyloxamide,  C^<(CH*^*N*C)*,  &c    (See  Oxahio  Ethbbs  and  OxAians.) 

There  is  also  a  nunmer  of  other  bodies,  chiefly  derivatives  of  uric  add,  which  may  be 
regarded,  with  respect  to  their  constitution  and  transfonnation,  but  not  to  their  mode 
of  formation,  as  amides  of  oxalic  add  of  a  more  complex  character,  namely  as  deriving 
from  two  or  more  molecules  of  oxalic  add  by  addition  of  ammonia  and  abstraction  of 
water,  s.g. 

(C«OT) 
20*KH)*     +     7NR*    -     4H*0        -        C*B*1P0*        -        (C«0«y'>N« 

H«    ) 

Dlozaljlamide  or  Alloxan. 

2C*H«0*     +     2NH»    -     8H«0        -        C*H«N»0»        .        (CO'yVg 

Dloxalylamie  add  or  Alloxanic  add. 

Other  compounds  of  the  same  fanuly  may  be  derived  in  a  similar  manner  from  a 
molecule  of  oxalic  add  and  a  mc^ecule  of  another  add,  thus : 

CmH>^     +     C0«     +     2NH»     -     8HH)        -        C«H*N*0»  Parabanic  add. 

C»H«0*     +     00«     +     2NH»     -     2HK)        -        C»H^N«0«  Oxaluric  add. 
Oxalic  add.      Carbonic 
anbTdride. 

(?RH)*     +  CHW  +     2NH»    -     8H'0        -        0»H*N»0»  Parabanic  add. 
2CmH)*     +   CH«0«  +     4NH»    -     7HK)         -         C»H  W0»  Uric  acid. 
Oxalic  acid.      Formic  acid. 
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C»H«0«    +    CHK)« 
2C«H«0*    +    CHK)« 
Oxalic  acid.        Formic 
acid. 


+      C0«      + 

+      C0«      + 

Carbonic 

anhydride. 


CmH)*  +  C»H«0"  +  2NH»  - 
SC«H«0*  +  C«HH)»  +  4NH»  - 
OzaUc  acid.        Glyoxalic 


4NH" 
4NH« 


81P0 
8H*0 


5H«0 
7BP0 


C*H«N*0«  AJUntoin. 
C«H«N*0»  Oxakntin. 


C*H*NK)*  Dialuric  add. 
Cm*H*0^  Alloxantin. 


acid. 


C«H«0*    + 

C*H«0*    + 
Oxalic  acid. 


C«H«0* 
CTE[«0* 

Glyoxalic 
add. 


+ 
+ 


-  6H«0 

-  6H«0 


C»H*N*0*  Uric  acid 
C*H«N*0«  Pseudo- 
uric  acid. 


C0«     +     4NH« 

C0«     +     4NH« 

Carbonic 
anbydrida. 

All  these  oomponnda  hare  been  or  will  be  described  in  their  alphabetical  places. 
See  also  Ubio  Acm,  DBur^TiyBS  of. 

OXA&IO  WTMMBMm  Oxalic  acid  forms  witli  monatomic  alcohol-radicles  two 
series  of  ethers,  analogous  to  the  neutral  and  add  metallic  oxalates.  Only  those  of 
methyl,  ethyl,  amyl  and  allyl  have  however  been  yet  obtained. 

The  neutral  ethers  of  the  monatomic  alcohol-radides  are  produced  by  the  action  of 
dehydrated  oxalic  add  on  the  corresponding  alcohols,  or  by  distilling  the  alcohols  with 
sulphuric  add  and  oxalic  add  or  an  oxalate ;  or  by  passing  hydrochloric  add  gas  into 
a  solution  of  oxalic  acid  in  the  alcohoL  They  are  volatile  without  decomposition  in 
the  diy  state,  but  in  presence  of  water,  bases,  or  adds,  they  are  easily  resolved  into 
oxalic  add  and  an  alc(mol.  Sulphuric  add  decomposes  them,  with  elimination  of  carbonic 
oxide  and  production  of  carbonic,  or  under  certain  conditions,  of  formic  ethers.  With 
ammonia  ^ey  yield  either  oxamide  or  ethers  of  oxamie  add.  When  treated  with  the 
aino-componnds  of  the  alcohol-radides  and  afterwards  with  water,  they  yield  ethers  of 
the  lactic  or  glycollic  series.     With  chlorine  they  yield  chlorinated  ethers. 

The  add  ethers  of  oxalic  add  have  not  been  so  fully  examined  as  the  neutral  ethers, 
only  those  of  ethyl  and  amyl  being  known.  They  are  obtained  as  bye-products  -in  the 
preparation  of  the  neutral  ethers ;  ethyl-oxalic  add  also  by  the  action  of  aiooholic  potash 
on  neutral  ethylic  oxalate. 

An  oxalate  of  the  diatomic  radide  ethylene  appears  to  be  produced  by  the  action 
of  bromide  of  ethylene  on  oxalate  of  silver. 

Oxalate  of  AOrh  C*Hi*0«  -  C^G*H*)H)^~Produced  b^  digesting  oxahite  of 
silver  with  allylic  iodide  and  anhydrous  ether  at  100^,  and  rectifying.  It  is  an  oily- 
liquid,  smelling  like  oxalate  of  ethyl,  with  a  slight  admixture  of  the  <^OTir  of  mustard- 
oiL  Spedflc  gravity  1*066  at  16^  Boiling  point  206<'— 207^  (Hofmann  and 
Cahours.) 

Oxalates  of  AmyL  a.  Nbxttral  Amtlio  Oxalatb»  CH^O*  »  C^C*H")^0*. 
(Balard,  Ann.  Oh.  Phys.  [3]  xii  311.) — When  potato  fosel-oil  or  pure  amylic  alcohol 
is  treated  with  a  large  excess  of  ciystallified  oxalic  add,  two  liquids  are  formed,  the 
lower  being  watery  and  consisting  of  a  saturated  aqueous  solution  of  oxalic  add, 
while  the  upper  is  oily,  has  a  strong  odour  of  bugs,  and  depodts  oxalic  add  on  cooling. 
On  distilling  this  oily  liquid,  the  temperature  gradually  rises,  and  amylic  oxalate  distil 
over.    It  may  be  purified  by  redistillation. 

Amylic  oxalate  is  an  oily  liquid  having  a  verr  dedded  odour  of  bugs.  It  boils  at 
262°.  Vapour  density  8*4.  It  is  decomposed  by  Vfater  and  more  quickly  by  aqueous 
alkalis,  yielding  amylic  alcohol  and  an  oxalate.  Bv  aqueous  ammonia  it  is  converted  into 
amylic  alcohol  and  oxamide ;  by  gaseous  or  alcoholic  ammonia  into  amylic  ^cohol  and 
amylic  oxamate.  Treated  with  zinc-ethyl  and  then  with  water,  it  yields  amylic  dieth- 
oxalate  or  amylic  leucate  (see  page  274).  On  account  of  its  high  boiling  pomt^  it  may 
be  used  for  the  preparation  of  other  amylic  ethers  by  double  decomposition. 

Chancel  has  obtained  methyl-amylio  oxalate  and  eihyUamyUo  oxalate  by  process*  s 
similar  to  that  which  yields  the  oxalate  of  methyl  and  ethyl  (p.  271). 

Aktix)xalio  Acid,  C'H'«0*  «  C«(C»H")HO*.  Oxalamylic  acid.  Acid  oxalate  of 
amyl  (Balard,  Ann.  Ch.  Phys.  [3]  xii.  309).— The  oily  liquid  obtained  as  above  by 
heating  amylic  alcohol  with  oxalic  acid  yields,  when  saturated  with  chalk,  a  solution 
of  amyloxalate  of  caldum  which  crystallises  on  cooling.  This  salt  serves  for  the  pre- 
paration of  the  other  amyloxalates. 

Amyloxalic  acid  is  an  oily  liquid  having  an  odour  of  bugs.  By  dry  distillation  it 
yields  neutral  oxalate  of  amyl,  carbonic  oxide  and  carbonic  anhydride : 


CO 


CO* 


H«0. 


2C«(C*H")H0^      -      C»(C*H")H)«     h 

The  amyloxalates  are  very  unstable,  their  solutions  when  boiled  reproducing  amylic 
alcohoL 
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The  pota8»um-saH  forms  beautiful  nacreous  laminae,  greasy  to  the  touch. — The  cal- 
eium-salt,  C'«H"Ca'0».2H*0,  crystallises  in  beautiful  crystalline  scales,  more  soluble 
in  cold  than  in  hot  water.  Exposed  to  a  current  of  dry  air  at  100%  it  decomposes 
yielding  amylic  aloohoL  The  silver-salt,  G'K"AgO^,  forms  anhydrous  scales  having  a 
nacreous  lustre,  spariuffly  soluble,  and  yeiy  greasy  to  the  touch.  It  gradually  alters, 
even  when  dry,  especially  if  exposed  to  light. 

Oxalates  of  BtbjL    a.  Neutkal  Ethtuo  Ozalatb,  C«H^*0*    -  [(^H'n^*' 

Oxalic  etier.—ThiB  compound  was  discovered  by  Bergmann  (Opuscula,  i  256)  and 
has  been  more  particularly  investigated  byTh^nard  (M^m.  d'  Arcueil,  iLll),  Bauhof 
(Schw.  J.  xix.  808),  Dumas  and|  Boullay  (J.  Fharm.  xiv.  113),  Dumas  (Ann.  Ch. 
Phys.  liv.  227),  Lowig  ( J.  pr.  Chem.  Ixxxiii  129),  and  Frankland  and  Duppa 
(p.  272). 

Formation, — 1.  By  heating  alcohol  with  oxalic  acid,  more  readily  in  presence  of 
sulphuric  or  hydrochloric  acid. — 2.  Together  with  chlorethylic  formate  and  hydro- 
chloric acid,  in  the  decomposition  of  perchloromethylio  oxalate  (p.  272)  by  alcohol, 
(G  ah  ours,  Ann.  Gh.  Phys.  [2]  xix.  848). — 3.  In  the  preparation  of  crude  aldehyde 
by  distilling  a  mixture  of  eqiud  parts  of  manganic  peroxide,  sulphuric  acid,  and  spirit 
of  20  per  cent    (G.  Schmidt^  Ann.  Gh.  Pharm.  Ixxxiii  330.) 

Preparation, — 1.  One  part  of  acid  potassic  oxalate  (salt  of  sorrel)  is  mixed  with  1  pt. 
alcohol  and  2  pts.  strong  sulphuric  add;  the  mixture  is  distilled;  water  is  added  as 
soon  as  the  distillate  be^ns  to  show  turbidity,  the  receiver  then  changed,  and  the  dis- 
tillation continued  without  cooling.  On  mixing  the  distillate  with  water,  the  oxalic 
ether  separates  and  fitUs  to  the  bottom ;  the  water  is  then  removed  with  a  pipette,  and 
the  ether  washed  and  rectified.    (Dumas  and  Boullay.) 

2.  A  more  expeditious  and  productive  method  is  to  heat  dehydrated  oxalic  acid  with 
alcohoL  Mitscherlieh  heats  1  pt  of  effloresced  oxalic  acid  with  6  pts.  absolute 
alcohol,  distils  till  the  temperature  of  the  liquid  in  the  retort  rises  to  140^,  then  pours 
back  the  alcohol  which  has  passed  over,  and  distils  till  the  thermometer  rises  to  166° ; 
the  remaining  liquid,  consisting  chiefly  of  oxalic  ether,  is  repeatedly  shaken  with 
water  and  rectified  over  oxide  of  lead. — According  to  Lowig,  a  much  smaller  quantity 
of  alcohol  is  sufficient  for  the  purpose.  He  pours  If  lb.  of  absolute  alcohol,  or  spirit  of 
97  or  98  per  cent,  on  l|lb.  of  dehydrated  oxalic  acid ;  distils  slowly  till  the  ther-. 
mometer  rises  to  1 30*^,  and  then  distils  the  product  quickly  off.  The  distillate  thus 
obtained  consists  of  oxalic  ether,  with,  a  considerable  quantity  of  formic  and  a  small 
quantity  of  carbonic  ether.  2800  grms.  of  dehydrated  oxalic  acid  thus  treated  yield 
1800  grms.  oxalic  ether  and  600  grms.  formic  ether.  An  additional  quantity  of  oxalic 
and  formic  ether  may  be  separate  from  the  distillate  which  goes  over  below  120^,  by 
neutralising  with  carbonate  of  potassium.  These  ethers  mav  be  separated  by  fractional 
distOlation,  the  formic  ether  passing  over  between  66°  and  76°,  the  oxalic  ether  at 
about  186°. — According  to  Kekul^  (Lehrbuch,  iL  16)  the  best  mode  of  preparation  is 
to  dissolve  dehydrated  oxalic  acid  in  not  more  than  twice  its  weight  of  absolute  alcohol, 
saturate  with  dry  hydrochloric  acid  gas,  precipitate  the  ether  with  water  after  the  liquid 
has  stood  tot  several  hours,  wash  it  several  times  with  water,  diy  over  chloride  of  cal- 
cium, and  rectify. 

Gonsiderable  quantities  of  oxalic  ether  are  obtained  by  merely  leaving  oxalic  acid  in 
contact  with  absolute  alcohol  for  a  few  weeks,  best  at  40° — 60°.  (Lie big,  Ann.  Gh. 
Pharm.  btv.  360.) 

Properties. — ^Ethylic  oxalate  is  a  colourless  oily  liquid,  having  an  aromatic  odour, 
specific  gravity  «>  1*0929  at  7'6°  (Dumas  and  Boullay);  1*0824  at  15°,Mendelejef 
(Fogg.  Ann.  cxl.  229).  Boiling  point  "183°— 184°  (Dumas  and  Boullay),  186° 
(Eekul^).  Vapour-density,  obs.  ->  6*087  (Dumas  and  Boullay),  6*10 (Gahours), 
calc  B  5 '06.    It  is  veiy  slightly  soluble  in  water,  but  dissolves  easily  in  alcohol. 

Decompositions. — 1.  Ethylic  oxalate  is  decomposed  by  contact  with  water,  yielding 
alcohol  and  oxalic  acid.  Boiled  with  aqueous  potash  or  soda,  it  is  quickly  .x>nverted 
into  alcohol  and  an  oxalate  of  the  alkali-metaL— 2.  Its  alcoholic  solution  mixed  with 
alcoholic  potash  yields  alcohol  and  a  precipitate  of  ethyl-oxalate  of  potassium: 

C»(G»H»)»0*     +     KHO      -      G«(G*H»)KO*     +     G»H».H.O. 

3.  Ammonia^as  decomposes  it  into  alcohol  and  ethylic  oxamate  (oxamethane)  : 

Ethylic  oxalnte.  Alcohol.  Ethylic  oxamiite. 

4.  With  aqueous  ammonia  it  yields  alcohol  and  oxamide : 
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6.  With  etkylamne,  in  like  maimer,  it  yieldi  diethjl-oxamide  (C*0*)"(C*H')*II'N' , 

(C«H»)«)j^ 
and  with  ciie^i^lamiR^  ethylicdiethyloxaiiute  (C'O'V'vf! ;   while  trieihyUmUu  does 

CE*  J" 
not  act  upon  it.    On  theae  reactions  Hof  mann  haa  founded  an  easy  method  of  separ- 
ating the  bases  produced  by  heating  ethylie  iodide  with  ammonia  (ii.  666).     Similarly 
with  the  7n€thyUumne9  (iii.  998^. 

6.  Ethylie  oxalate  is  converting  by  potatHum  or  sodium  into  ethylie  carbonate,  with 
evolution  of  carbonic  oxide:  C^C?H»)H>*  -  0(C«H»)«O»  -i-  CO;  the  reaction  is 
complicated  however  by  the  formation  of  several  other  products,  amongst  which  is  a 
black  substance  called  by  Lowig  and  Weidmann,  nitric  acid  (see  Qmdin^s  Hand' 
book,  ix.  Iftl). 

7.  When  ethylie  oxalate  is  agitated  with  sodium-amalgam  in  a  vessel  externally 
cooled,  a  product  is  obtained  which  is  separated  by  ether  into  a  soluble  and  an  in- 
soluble portion,  the  latter  oonsisting  of  fermentable  suoar  together  with  sodic  oxalate 
and  at  least  one  other  sodium-salt,  while  the  etheresi  solution  yields  by  spontaneous 
evaporation,  crystals  having  the  composition  C"H**0*,  and  consisting  of  the  ethylie 
ether  of  a  tribasie  acid  0*H*0*,  called  desozalie  acid,  beoanseit  is  nroduoed  by  de- 
oxidation  of  oxalic  acid :  6CHK>«  +  6H'  -i  2C*HH)«  +  4H^,  and  racemo -car- 
bonic acid,  because  it  contains  the  elements  of  racemie  acid,  C*H*0*,  and  carbonic 
anhydride,  00*,  and  is  resolved  into  those  two  oompounds  when  its  aqueous  solution  is 
heated  in  a  sealed  tube  with  a  small  quantity  of  sulphuric  add  (Lowig).  The  decom- 
position of  ethylie  oxalat«  by  sodium-amalyim  has  not  been  completely  investigated, 
but  the  formation  of  raeemo-earbonie  acid  and  sugar  may  be  represented  by  the 
equation : 

SCHKH     +     14H»      -       20^«0«     +     C^»K)«     +     10H«O. 
Oxalic  add.  Racemo-  Glooote. 

carbonic  add. 

(See  Ragbmo-cabbonio  Acm.) 

8.  Ethylie  oxalate  treated  with  zine-ethyl  or  with  due  and  ethylie  iodide  (which 
produce  sine-ethyl)  and  afterwards  with  water,  yields  ethylie  diethoxalate  or  leucic 
ether,  C'H"(C'H')0';  and  homologous  products,  in  like  manner,  with  einc-methyl  and 
ginc-amyl.    (Frankland  and  Duppa,  see  page  272.) 

ComJUnaiion. — ^Ethylie  oxalate  unites  with  stanniO'Chloridey  forming  a  crystalline 
compound  C*H"0*.SnCl*. 

Perchlorethvlic  Oxalate,  C*C1'*0*. — This  compound,  also  called  Perchlorovinic 
oxaUUe,  Chloroxalie  ether,  and  Perchlorosalio  ether,  was  discovered  and  investigated  by 
Malaffuti  (Ann.  Ch.  Phys.  [21  Ixxiv.  299).  It  is  produced  by  the  action  of  chlorine 
on  oxMic  etoer  in  sunshine.  It  is  colourless,  crystallises  in  quadrangular  laminse,  is 
destitute  of  taste  and  smell,  perfectly  neutral,  transparent  when  newfy  prepared,  but 
becomes  opaque  after  some  time.  It  melts  at  144°  with  incipient  decomposition.  It 
is  insoluble  in  water.  When  exposed  for  some  time  to  moist  air,  it  becomes  acid,  gives 
oiF  fumes  and  ultimately^  li(juefles.^  Alcohol,  wood-spirit,  amyl^alcohol,  oil  of  turpentine, 
and  acetone  decompose  it  immediately ;  common  ether,  acetic  ether,  and  several  other 
ethers,  less  rapidly. 

Dry  ammonia-ffas  converts  it  into  pentachlorinated  ethylie  oxamate,  forming  at  the 
same  time  another  amide  (probably  trichloraoetamide,  and  one  or  two  ammonium-salts). 
With  aqueous  ammonia  it  vields  oxamide  and  trichloracetamide.  The  reactions  with 
ammonia  appear  to  take  place  as  shown  by  the  equations : 

CH31>«0*      +     2NH«      =      C*H«a«NO«     +     C«H«a«N0     +     2Ha. 

Chloroxaroetfaane.      Trichloraoetamide. 

C*H«Cl»NO»     +     2NH«       -       C^«a»NO      +      C«H*N«0«       +     2Ha 
Cbioroxamethaoe.  Trichloracetamide.  Oxamide. 

With  alcohol  it  yields  a  number  of  compounds  among  which  are  trichloracetic  acid, 
hydrochloric  add,  chloride  of  ethyl,  and  an  oil  called  chl  or  oxethide  which  Malaguti 
represents  by  the  formula  0*GI'*0'^  (p.  271).  When  methylie  alcohol  is  dropped  upon 
chloroxalie  ether,  hydrochloric  acid  is  evolved,  and  on  adding  water  after  the  mixture 
has  cooled,  an  oily  mixture  of  oxalate  and  chlorocarbonate  of  methyl  is  precipitated. 

Potash  oonverts  chloroxalie  ether  into  oxalate,  trichloracetate^  and  duoride  of  potas- 
sium: 

(XJ1»H)*     +     4H«0       »      C*H«0«     +     2C»HC1»0«     +     4HCI- 

Chloroxalic  ether  several  times  subjected  to  rapid  distillation  is  converted  iTito 
chloride  of  carbonyl  (phosgene  gas),  oxide  of  carbon,  and  chloride  of  tricbloracetyl : 

CH}i'»o«     -    coa«   +   CO    +    2(c«ci"o.a). 

When  kept  in  a  closed  vessel,  it  appears  to  undergo  after  a  while  the  same  change;^  &.n 
when  heated. 
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Ethyl^methylie  oxalate,  C»H»0*  -  C»(CH»XC«H»)0<  (Chancel,  Compt. 
Chim.  1850,  ppi  873,  403). — ^Phidueed  by  the  action  of  ethyl-snlphate  of  potassium  on 
the  methyl-ozalata,  or  of  the  methyl-sulphate  on  the  ethyl-ozalate : 

{CH»)KSO«     +     O^Cm»)KCH       -      K«80*     +     C«(CH")(0»H*)CM. 

It  is  a  transparent  colourless  liquid  having  a  faint  aromatie  odour.  Specific  gravitj 
1*27  at  12^.  Boils  between  160^  and  170^  distilling  without  alteration.  Vapour- 
density  4*677  (eale.  fot  2  toL  «  4-5508).  It  bums  with  a  bright  flame  blue  at 
the  edges. 

It  does  not  dissolve  in  water  without  decomposition :  cold  water  and  damp  air  de- 
compose it  slowly ;  boiling  water  dissolves  it  completely,  decomposing  it  however  into 
meihylie  alcohol,  ethylic  alcohol,  and  oxalic  add.  Potash  decomposes  it  immediately 
without  the  aid  of  heat  Ammonia  also  decomposes  it  rapidly,  forming  a  precipitate  of 
oxamide. 

Bthyioxalic  Acm.  OH*0«  -  C«H(C«H»)0*.  OxaUmnio  acid.  Acid  oxalate  of 
ethyl  (Mitscherlich,  Fogg.  Ann.  zxziii.  332). — The  potassium-salt  of  this  acid 
18  produced  by  adding  to  a  solution  of  oxalic  ether  in  absolute  alcohol,  a  quantity  of 
alcoholic  potash  less  than  sufficient  to  form  oxalate  of  potassium ;  and  on  dissolving 
this  salt  in  hydrated  alcohol,  carefiilly  saturating  with  sulphuric  acid  and  neutralising 
with  carbonate  of  lead  or  barium,  the  ethyl-oxalate  of  leaa  or  barium  is  obtained. 

The  add  itself  is  pepared  by  decompofcing  either  of  these  salts  with  sulphuric  add ; 
but  it  is  very  unstable  and  is  decomposed  by  concentration  into  alcohol  and  oxalic  acid. 

The  potasnum-Moltt  0'(C*H*)EO^  forms  crystalline  scales  which  begin  to  decompose 
towards  100<>. 

Pentaehlorethyloialie  acid  or  Chloroxalovinie  acid,  C^HCl^O^  (Mala- 
guti,  Ann.  Ch.  Phrs.  [2]  Ixxiv.  308). — This  compound  is  not  produced  by  the  action 
of  chlorine  on  ethyl-oxahc  add,  but  1.  In  the  decomposition  of  perchloroxalic  ether  by 
alcohol  (p.  270). — 2.  When  ehloroxethide  is  treated  with  cold  aqueous  solutions  of  the 
fixed  alkalis. — 8.  When  pentachlorinated  oxamate  of  ethyl  is  treated  with  aqueous 
ammonia : 

C«NHKnK)»    +     H«0      »       C*(NH*)a«0<. 

It  may  be  prepared  by  pladng  the  last-mentioned  compound  in  contact  with  aqueous 
ammonia  till  it  is  eompletely  disBolved,  and  evaporating  in  vacuo,  whereby  crystallised 
chloioxalovinate  of  ammonium  is  obtained.  This  salt  is  dissolved  in  water ;  the  solution 
mixed  with  carbonate  of  sodium  and  evaporated,  first  on  a  sand-bath,  afterwards  in 
vacuo  over  oil  of  vitriol ;  the  chloroxalovinate  of  sodium  is  extracted  from  the  residue 
by  absolute  alcohol ;  the  soda  predpitated  from  this  solution  by  the  exact  quantity  of 
sulphuric  add  required ;  the  liquid  filtered ;  any  excess  of  sulphuric  add  that  it  may 
contain  predpitated  by  baryta-water;  the  liquid  filtered  again;  and  the  alcoholic 
solution  of  chloroxalovinio  acid  evaporated  to  the  crystallising  point,  first  over  the 
water-bath,  and  then  in  vacuo. 

It  forms  colourless  needles,  which  melt  at  a  gentle  heat ;  has  a  burning  taste,  and 
forms  a  white  spot  on  the  tongue ;  if  placed  for  a  while  on  the  back  of  the  hand,  it 
produces  violent  pain  and  a  white  spot  surrounded  with  an  infiamed  ring.  It  dissolves 
m  all  proportions  in  waier  and  deliquesces  very  quickly  in  the  air.  It  dissolves  also 
in  alcMol  and  in  ether. 

The  ammonittm^salt  is  crystalline ;  may  be  fuFed  without  decomposing;  tastes  verv 
bitter  and  pungent;  has  a  faint  add  reaction.  When  heated  to  the  boiling  point,  it 
decomposes,  without  evolving  ammonia,  and  gives  off  thick  vapours  smeUing  of  acetic 
add.     It  deliquesces  and  turns  yellow  in  the  air,  but  becomes  white  again  when  dried 

in  vacQO. 

Halaguti  has  described  a  substance  which  he  calls  anhydroue  chloroxalavime  and 
or  ehloroxethide,  C*C1**0',  but  which  appears  to  be  merely  a  liquid  modification  of  the 
preceding.  It  is  obtained,  among  other  products,  by  the  action  of  alcohol  on  perch/or- 
oxalic  ether  (p.  270).  It  is  quite  neutral  when  newly  prepared,  but  quickly  turns  add  by 
contact  with  moist  air.  It  Doils  at  200^,  becoming  coloured  at  the  same  time.  It  is 
insoluble  in  water,  but  soluble  in  alcohol  and  in  ether.  Ammonia  converts  it  into 
chloToxamethane. 


Osatate  of  BKIiyleBe. 


C*H«0«  -  (c^ly^l  O'.      Oxalate  o/^/yoo/.— This  com- 


fDund  appears  to  be  produced  by  the  action  of  bromide  of  ethylene  on  oxalate  of  silver, 
y  exhausting  the  product  with  ether,  treating  the  ethereal  solution  with  slaked  lime, 
and  evaporating  the  filtrate,  a  liquid  was  obtained,  having  a  peculiar  sweet  taste,  in- 
soluble in  water,  boiling  with  decomposition  at  a  high  temperature,  and  yielding 
oxamide  when  treated  with  ammonia.     (Wurta,  Ann.  uh.Phys.  [8]  Iv.  400.) 


OsAlates  of  MothyL 


NKUTBAt  Methtijc  Oxaulte,   C^HH)*  -     (CH«]«(^' 
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(Damas  and  Peligot,  Ann.  Ch. Fhys.  [2]  IviiL  44. — Weidmann  and  Schwcizcr, 
Pog^.  Ann.  Ixiii  602. — ^Wohler,  Ann.  Ch.  Pharm.  Ixxzi.  876). — ^This  compound  is 
obtained  by  diatilling  a  mixture  of  equal  paits  of  sulphuric  acid,  oxalic  acid,  and  wood- 
spirit;  or  by  drenching  1  pi.  of  salt-of-sorrel  with  1  pt,  wood-spirit  and  1  pt.  sul- 
pnuric  acid,  leavine  the  mixture  to  stand  for  some  time,  and  then  distilling.  Towards 
the  end  of  the  distillation,  methylic  oxalate  passes  over  nearly  pure  and  crystallises  in 
the  neck  of  the  retort.  The  liquid  product  which  first  passes  orer  also  yields  crystal- 
lised methylic  oxalate  when  left  to  evaporate. 

Methylic  oxalate  crystallises  in  colourless  rhombic  tablets,  melts  at  51^,  and  boils  at 
161°.  it  is  soluble  in  water,  alcohol,  and  ether,  but  the  aqueous  solution  quickly  de- 
composes into  oxalic  acid  and  methylic  alcohol.  The  same  decomposition  is  produced 
still  more  quickly  by  caustic  potash  or  soda.  With  aqueous  ammonia  it  yields  oxamide ; 
with  ffoseous  ammonia,  methylic  oxamate  (oxamethylane) ;  with  zinc-ethyl  it  yields 
methylic  diethoxalate  and  homologous  compounds  {infra), 

Chloromethylic  oxalates  (Malaguti,  Ann.  Ch.  Pharm.  xxxii.  49). — Chlorine 
gas  acts  veiy  slowly  on  fused  methylic  oxalate  in  diffu$ied  daylight,  forming  a  liquid  pro- 
duct which  appears  to  be  dichloromethylic  oxalate,  C*H«C1*0«  =  C^CHC1«)*0*, 
insamuch  as  it  is  immediately  resolved  by  water  into  carbonic  oxide,  oxalic  acid,  and 
hydrochloric  acid : 

C<H«a*0*     +     2H«0       -      2C0     +     C*H«0*     +     4Ha 
In  sunshine,  chlorine  acts  more  strongly, producing  nacreous  laminae  oftrichloro- 
me  thy  lie  oxalate,  ^(CCl')^)*,  which  smell  of  cfaloride  of  carbonyl  (phosgene)  and 
are  resolved  by  heat  into  that  compound  and  carbonic  oxide : 

c<a«o«     -     CO   +    3Coa«. 

"With  alcohol  they  yield  ethylie  oxalate,  ethylio  chlorofbrmate,  and  hydrochlorie 
acid: 

C\CC[*)H>*     +     4C«H«0     =     CXC«H»)«0«     +     20C1(C^»)0«     +     4Ha 

Can^pounds  produced  by  the  action  of  Zine-ethyl,  j'c,  on  the  Oxalic  ethers. 

When  the  oxalates  of  the  alcohol-radicles  are  treated  with  zinc-methyl,  zinc-ethyl, 

See.,  ethers  are  produced,  the  acids  of  which  may  be  regarded  as  oxalic  aci(r  Jp,    { 0*, 

in  which  1  atom  of  oxygen  is  replaced  by  an  equivalent  quantity-  (2  at.)  of  an  alcohol- 

radide,  or  what  comes  to  the  same  thing,  as  glycollic  acid  ^        r'  C  ^''  ^°  ^^^ch  2  at 

hydrogen  belonging  to  the  radicle  glyooUyl  are  replaced  by  2  at.  of  an  alcohol-radicle* 
thus: 

DimethoxaKc  or  DimethoglycoUic  acid         .  C*H»0«     -    [^(^^*)*^r|o« 

EthomethoxaUcorEthomethoglycomcacid.  C»H«*0«    =  [C^C'^XCH')©]' )  q, 

BiethoxaHc  or  Diethoglycollic  add     .        .  C«H"0«    =  [C^C«^)*Or  |  o« 

AmhydroxaHc  or  AmoglycoUic  add     .        .  C^"0»    -   C^C^fl^OHOriQ, 

EthamoxaUc  or  EthamoglycoUic  add  .  C»H»0«   «  [^(C*H"^C»H»)Or|Q, 

DiamoxaUc  or  Diamoglycollic  acid      .        .  C'*H«0»  -  [C^C*irj)«0]'' |  q. 

These  adds  are  therefore  homologues  of  glycollic  add, — also  of  lactic  add  CH'O', 
which  may  be  formulated  as  methydroxalic  or  methoglyooUic  acid,  L^A^^^)HOJ  >q. 

The  first  in  the  above  list  is  isomeric  or  identical  with  butylactic,  the  second  with  valeio- 
lactic,  the  third  with  leudc  add.  Frankland  (Proc.  Boy.  Soc.  xii  396)  obtained 
ethylie  leucate  or  diethoxalate  by  the  action  of  zinc-ethyl  on  ethylie  oxalate,  and  the 
ethers  of  the  other  adds  of  the  series  have  been  obtained  in  like  manner  by  Prank - 
land  and  Duppa  (P)n>c.  Boy.  Soc.  xiii.  140;  xiv.  17,  79,  83,  191). 

The  acids  of  the  glycollic  or  lactic  series  (>H'*0'  differ  iix>m  those  of  the  acrylic 
series  C"H*»-«0«  (i.  63),  by  1  atom  of  water:  e.y. 

C»H«0«      -      H«0        =        C»H<0« 

Lactic  acid.  Acrylic  acid. 

And  it  has  lately  been  shown  by  Frankland  and  Duppa  (Chem.  Soc.  J.  xviii.  133), 
that  by  the  action  of  trichloride  of  phosphorus,  which  abstracts  the  elements  of  water, 


OXALIC  ETHERS.  273 

the  etiiylie  ethen  of  the  ^lyooUic  or  lactic  aeries  ma^  be  conyeited  into  the  ethylie 
ethers  of  a  series  of  acids  isomerie  with  the  natural  adds  of  the  acrylic  aeries.  As  th# 
ethers  are  of  coorse  induded  under  the  same  geoeral  empirical  fonnoUt  as  the  adds 
themselves  (each  ether  being  formed  from  its  corresponding  add  by  addition  of  CH^) 
the  reaction  may  be  represented  by  the  genwal  equation : 

8OH«-0*     -I-     Pa«      -      3C-H»— •()«     +     PflW     +     8HC1 

«.  £.  3C«a['«0»     +     PC1»      -       8Cra'*0»        +     PH»0«     +      SHa 
BtbyUc  leocmtfl.  Bthylie  etho-  Phosphor* 

croconmta.  oiu  add. 

The  ethers  thus  obtained  may  be  converted  into  potassium-  or  barium-salts^  and 
these  into  the  oorrespondiog  acids,  in  the  usual  way.  In  this  manner  hAve  been  obtained : 

Methaciylic  add,  isomeric  with  Crotonic  add        .        •  .  OH*0* 

Methocrotonic  add,  isomeric  with  Angelic  add     .        •  .  G^HK)* 

Ethodotonic  acid,  isomeric  with  Pyroterebic  add         .  .  C*H'*0* 

Ethomethoerotonic  add,  isomeric  with  Damaluric  add  •  0^**0* 

[For  further  details  respecting  the  relations  of  these  two  series  of  adds,  also  of  the 
acids  of  the  acrylic  to  those  of  ue  acetic  series,  see  Afpbmdiz.] 

We  now  proceed  to  describe  tiie  preparation  and  properties  of  the  seTend  adds  of 
the  glycollic  series  above  mentioned. 

1.  BtotbasaUe*  IMailMglTOOllte  vr  &evelo  A«ld,  C^'K>*.-.£thylic  oxalate 
treated  with  zine-eUiyl  and  afterwards  with  water  yields  ethyfic  leoeate  together  with 
alcohol  and  hydrate  of  zinc.    The  flnal  result  may  be  thus  stated : 

C«a»K)*  +  2n''(C«H»)»  +  2HK)     »     0^"(C^»)0»  +  0^«0  +  2n*H«0«. 

The  reaction  however  takes  plaoe  by  two  stages:  the  first  product  is  a  solid  resin- 
ous-looking mass  consisting  of  sinc-monethyl-ethylic  leucate,  C'^H'^ZnO',— a 
compound  derived  from  oxalic  ether  by  the  substitution  of  2  at.  ethyl  for  1  at.  oxygen, 
and  of  1  at.  zinc-monethyl,  ZnCH^  for  1  at.  ethyl, — and  this  compound  when  treated 
with  water  is  resolved  into  ethylic  leucate,  alcohol,  and  ano-hydrate: 

BtbyUe  oulate.  Zliw««tiijl.  Zhra-monethjl.  ZlDo-«thylo> 

ethylic  leucate.  etbylate. 

ZiDC.iixmethyl.«UiyUe  Bthjllc  leaeatok  Aloobol*  Zlne- 

leucate.  hydrate. 

In  this  and  in  all  the  analogous  reactions,  it  is  found  advantageous  to  use,  instead  of 
sane-ethyl,  &c.,  a  mixture  of  ethylic  iodide  and  amalgamated  dnc,  whereby  the  organo- 
sinc  compound  is  generated  during  the  reaction,  and  the  trouble  of  specially  preparing 
it  is  savra.  The  whole  operation  then  proceeds  at  the  ordinary  atmosphenc  pressure, 
and  a  laiger  product  is  obtained.  The  first  stage  of  the  reaction  in  the  production  of 
leudc  ether  may  then  be  represented  as  follows : 

Ethylic  leucate  or  diethoxalate  has  been  already  described  as  leudc  ether  (iii  67^). 
When    treated    with    trichloride   of  pkogphortu,    it   yields   ethylic   ethocrotonate^ 

^^'^*>^|0,    whence  may  be  obtained   ethocrotonic  add,-^^^^*^|o - 

C'Hi'O',  isomeric  with  pvroterebic  add  (tfid.  sup,), 

Zinc-ethvl  acts  violently  on  it,  each  drop  on  coming  in  contact  with  the  ether,  even 
if  previously  cooled  by  a  freesing  mixture,  hissing  like  phosphoric  anhydride  dropt  into 
water.  The  product  of  the  reaction  is  nnemonethyl-ethylic  leucate,  the  change  con- 
sisting in  the  substitution  of  rinc-monethyl  for  hydrogen,  and  being  accompanied  by 
the  evolution  of  torrents  of  ethylic  hydride : 

C^»(C«H»)0«     +     Znr(C^*y    =    C^»»(ZnC»H»)(C?H»)0«     +     CR*. 

Zino-monethyl-ethylic  leucate  is  a  colourless  viscous  solid,  soluble  in  ether,  but 
apparently  incapable  of  crystallisation.  It  absorbs  oxygen  with  avidity,  and  eflfervesoea 
atrongly  iii  contact  with  water,  reproducing  leucic  ether : 

C«H'«(ZnC»H»XC?H»)0»  +   2H«0     -     C^"(OTI»)0»  +   C»H«  +  Zn'HK)*. 


Vol.  IV. 
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lodue  «ets  ctroog^  npoii  it^  pR4aciiig  Bneolwiiic  etber,  iodida  of  etbjl,  tad  iodid* 
of  sine: 

aC«H*(2&i(ra»XC^*)0«  +  I«    -    C"fl«»Zii'(0»H»)W  -^  ZbTP  +  20»H»I. 
f  Ibc  MOBwHijI-tthylk  ZlaoolMdc  cdwr. 

leocatt. 

Jlfi;<il«li0  OJethaxalaU,  A  mixtove  of  4  at  athylie  iodido  and  1  at.  nMthylie  otzalate, 
digested  with  sine  for  about  96  boon  at  30^ — 60^,  solidifies  to  a  mass  of  OTstals,  which 
when  treated  with  water  and  distilled,  yields  ethyUe  alcohc^  and  an  ether  having  the 
composition  of  diethozalate  or  leneate  of  methyl : 

(C«0«)')  [C«(0»H»Wr)  rn^ 

CH"    j-O*  +  4Cra»I  +  Zn«    .      ZnCWa*       M)«  +  Zn  |^.o  '*'  ^^'^' 

If  •cbylie  oxalate.  ZliicnoiMthjl-  Zlno-meUijl. 

OMthyUe  Woeate.  attaylate. 

ZnC^»        l0«  +  2H«0     -  H  >0»  +  *^5  [    +  Zn'HH)'. 

CH«        )  CH«  )  ^  > 

2lne-moiiaUiyl-  MoltajrUe  Bthvlte 

■Mtbylk  Iwoateb  leocate.  l^jdrtda. 


Methylie  leneate  is  a  oolonrless,  transparent^  tolerably  mobfle  liquid,  having  a  peeoliaF 
odoor,  not  mneh  like  that  of  etbylie  leneate,  anacingly  solnble  in  water,  easily  in  aleobol 
or  ether.  S^eeiilo  gravity  -  0*9896  at  16-6^.  Boils  at  166^  and  distik  nnehanged. 
Vaponr-density,  obs.  »  4-84 ;  cale.  «  6*0S. 

Methylie  leneate  is  easily  deoomposed  by  stoline  bases,  yielding  nethylio  aleohol 
and  metallic  leueates.  The  barium^^alt,  C"H'*Ba''0*  thus  obtained  is  a  erystalline 
mass  very  solnble  in  water,  alcohol,  and  ether.  On  decomposing  it  with  snlphuric  add 
and  evaporating  the  filtrate,  diethoocalie  or  leneic  acid  is  obtained  in  splenoid  crystals 
which  sublime  readily  at  60^,  slowlv  even  at  oommon  temperatures,  and  melt  at  74*6^. 
In  these  respeets  the  add  thus  obtained  agrees  with  ordinary  lende  add,  and  with 
that  obtained  by  the  action  of  sino-ethyl  on  oxalic  ether ;  but  the  silver-salts  of  the 
two  adds  diffir  in  certain  respeets^  that  obtained  from  methylie  leneate  crystallising 
in  anhydrous  sil^  fibies  irbich  are  seanely  discoloured  at  100^,  whereas  that  obtained 
from  ethylic  leneate  forms  brilliant  radiate  needles  containing  ^  at.  water,  wluch  it 
does  not  give  up  at  100%  though  it  snffhrs  rapid  discoloiation  at  that  temperature.  It 
is  posnble  ther^re  that  the  diethozalie  or  leucic  adds  obtained  by  the  action  of  sine- 
et^yl  on  the  OTalatea  of  ethyl  and  methyl  respectively  may  not  be  abeolntely  identiea], 
but  only  isomeric. 

AmyUe  DietkoxalaU,  A  mixture  of  amylic  oxalate  and  ethylic  iodide  m  equivalent 
proportions  digested  with  sine  for  several  da^s  at  60^ — 60%  and  sttbse<^uently  treated 
with  water,_yields  in  like  manner  a  distillate  containing  amylic  diethoxalate  or 
leucate,  G>'H!"0*;  thus: 

C»H"  U)«  +  4(?H»I  +  Zn*     •  i&iC«H»     fO«  +  Zn"  J;^„^  +  2ZnI«. 

Amylle  AbbtUc  sine-  Zinc-ethylo- 

ovalato.  mooetnylie  leucate.  anylate. 

Z^OTP     ^  U)«  +  2HH)     -  H         fo«  +    ^^     +  Zn-HW 

Anylie  i1nc»nioatChylo.  Anylle 

leucate.  leucate. 

Amylic  leucate  is  a  oolourloss,  transparent,  slightly  oily  liquid,  having  a  fragrant 
and  somewhat  amylic  odour ;  insoluble  in  water,  but  soluble  in  all  proportions  in 
alcohol  and  ether.  Spedfic  gravity  —  0*93227  at  13^.  Boils  constanthr  at  226®. 
Vapour-density  obs.  ■■  6'74 ;  cale.  «  6-97.  The  boiling  point  and  ipecifle  gravity 
in  the  liq^nid  state  of  this  eUier  are  almost  identical  with  those  of  its  isomer,  ethyHo 
ethamoxalate  (p.  276)l 

BlmetHozaUe  or  BUnetHoglyeoUio  Aold.    C^HK)*  *  '^^^^^^"[o*.— A 

mistore  of  1  at  methylie  oxalate  and  4  at.  methylie  iodide  treated  with  amalgamated 
sine  as  above  described,  solidifies  to  a  yellowish  gpmmy  mass,  which  when  distilled 
with  water,  yields  methylie  alcohol,  and  leaves  a  residue  of  iodide,  oxalate  and  dimethox- 
alate  of  due.  The  reaction  is  doubtless  exactly  similar  to  that  of  sine  and  ethylic 
iodide  on  ethylic  oxalate  (p.  273),  and  might  be  represented  by  perfectly  similar 
equations,  substituting  methyl  tor  ethyl ;  but  the  reenlting  dimethoxalate  of  methyl 
appears  to  be  very  unstable,  and  to  be  decomposed  by  the  hydrate  of  sine  as  fiist  as  it 
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ifl  lonued,  And  eonreited  into  dimethoxalate  of  rine^  CH'^Zn^O*.  This  sine-salt 
treated  with  bazyta-water  yields  dimethoxalate  of  baxinm,  C^H'^Ba^O*,  which  cry^ 
tallises  in  brilliant  needles,  nentral,  having  the  odoor  of  firesh  butter,  Tfiiy  soluble  in 
water  and  alcohol,  nearly  iiisoluble  in  ether. 

JHmUhoxaiie  acid,  C^H'O*,  obtained  by  deoomposinff  the  barittm-salt  with  snlphurie 
acid  and  agitating  the  filtrate  with  ether,  aystalutos  by  en^ration  in  large  prisms, 
melts  at  76*7^  &nd  sublimes  at  ^0^  in  very  fine  prismatic  crystals ;  boils  at  212^  and 
distils  unchanged.  It  is  stioxuj^  acid  and  eanly  unites  with  bases,  forming  oystal- 
line  saltst  Tdb  silver'saU,  Ofi'AgC,  crystallises  in  stellate  groups  of  nacreous 
scales. 

S.  ath— ithq«fclleorata— i»ttt»lyb#llioJLrtd,C*H'*0»»  <^^^CH*)0 1  q*. 

— ^The  ethylie  ether  of  this  acid  is  obtained  by  the  action  of  rfnc  on  a  mixture  of 
eth^lic  oxalate  with  methylic  and  ethylio  iodides  in  equivalent  proportions.  The  re- 
action Udces  place  as  shown  by  the  equations : 

0»H»  V0«  +  2CB*l  +  2C?H»I  +  Zn*    - 

cm*  y 

EtfayUo  oxalate. 


ZloG-mooomethyl-etbo*  Zloe>etbfl^ 

■       ■  -   ore""   * 


0»H«  ) 

oni«th/l>etbo* 
BMthozalato  ofeCbyl.  aChylato. 

[C»(CH» 

C*]^  )  C«H»  3 

Eific-iooiKnMfchTl<-«tbo-  Ethvlic  vthp- 

ncchoxslate  or  ethyl.  nwuouUte. 


Etfaylie  «th<nnediQGnlat«,  C^H)',  is  a  colourless,  transparent^  mobile  liquid  possessing 
a  penein^g  ethereal  odour  much  li^  that  of  leueie  eth«f  .  It  i^  Tory  soluble  in  water, 
alcohol,  and  ether.  Spee^  gfority  -  0*9768  at  18^  Boils  at  166-6P.  Vaponxw 
densilnr,  obs.  »  4*98 ;  eak.  ~  6'Oi.  It  is  easily  decomposed  by  aqueous  solutions  of 
the  alkalis  and  of  baryta,  TricUaride  of  photphorua  oonyerts  it  into  the  ethylie 
ether  of  methocrotonic  add,  0*0*0*,  isomeric  with  angelic  add  (p.  278). 

EUumethoxalaie  of  BaHtm,  C**H"BarO*,  is  yeiy  soluble  in  water,  and  oyBtiOlises 
from  aquebns  solution  as  a  beautiftiUy  radiated  mass  having  a  silky  lustre. 

EUumetkoxalaU  of  Hydrogen,  or  EthomethoxaHe  acid,  C>H**0*,  is  obtained  by 
evaporation,  first  in  a  retort,  afterwards  in  vacuo,  as  a  splendid  white  crvstaUine  mass, 
meitinff  at  63^,  subliming  readily  at  100^,  and  condensing  on  a  solid  Bur£&ce  in 
maenifioent  star-like  groups.  It  boils  with  decomposition  at  190^.  It  dissolves  very 
easily  in  water,  alcohol,  and  ether ;  small  fragments  of  it  thrown  on  wator  rotate  like 
camphor  whilst  dissolving.  The  solutions  are  strongly  add  and  easily  decompose 
carbonates. 

EthomdhoxaJtaie  of  BUver,  C*H*AgO*,  etystallkee  in  spl^did  mammeHated  masses, 
moderately  soluble  in  water. 

4.  AmbydrMalte  or  Amofl^MAM  Aeld.    G*HiH>*  -  [^^(^")0]''|o*. 

— ^The  ethylie  ether  of  this  add  is  produced,  together  with  two  others,  by  the  action 
of  zinc  on  a  mixture  of  ethylie  oxiuate  and  amylic  iodide.  When  a  mixture  of  these 
ethers  in  ec^uivalent  proportion  is  digested  with  granulated  zinc  at  70^,  the  zinc  is 
gradually  dissolved,  while  much  amylic  hydride  and  amyl<>ne  are  given  off.  The 
mixture  finally  assumes  a  viscous  or  semisolid  condition,  and  when  treated  with  water 
yields  a  further  quantity  of  amylic  hydride  which  distils  off  at  a  gentle  heat.  On  in- 
creasing the  temperature,  vrater  passes  over  accompanied  by  amvlic  alcohol,  amvlic 
iodide,  and  an  ethereal  liquid  which,  after  drying  with  diloride  of  caldum,  begins  to'boil 
at  132^,  the  product  which  first  pa8ses  over  condsting  prindpally.  of  amylic  alpohol 
mixed  vnth  amylic  iodide.  Afterwards  the  thermometer  rises  rapidhr  to  200°, 
between  whidi  temperature  and  206%  ethylie  amhydroxalate,  CH^*0*,  passes 
over.  A  second  rapid  rise  of  temperature  then  occurs  till  the  thermometer  remains 
stationary  between  222°  and  226^,  at  which  temperature  ethylie  ethamoxalate, 
C"H*«0*,  passes  over.  Lastly,  the  temperature  rises  to  260°— 2d4°,  between  which 
pointe  ethylie  diamoxslate^  C**H**0',  distill  over.  These  several  ethers  are 
further  purified  by  repeated  fractional  distillation. 

T  2 
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Th«  foimatioiiof  ethylio  amfaydrozylate  ii  represented  by  the  equationiL 
<C«0«)')  _  [6«(0»H»XZnC*H»)Or)  „      _  ^c^, 

IC«(C»ff»XZnC»H»>)OT 

ZnC»H»>  >0«  +  4H«0  - 

C«H» 


•)')  [C«(0»H»»XZnC»H»)Or)  ., 

•  [0«  +  4CTO»I  +  Zn*  -  ZnC»H"  >0«  +  ZnV 

H  >0«  +.  ^1  |0  +  ^^1  +  aZn-HK)«. 

The  oompoond  C»*H**Zn*'0*  formed  in  the  first  rtage  of  the  reaction  consists  of  ozab'o 
«ther  in  which  an  atom  of  oxygen  is  replaced  half  by  amyl  and  half  by  sinc-monamyl, 
whilst  A  second  atom  of  ano-monamyl  is  subcrtitated  for  one  of  cthyL 

C«H(C»H»)0) 

EthyUe  amkjfdroxalate,  C"H*K)*   »  H         VO*  is  a  somewhat  oily,  tians- 

parent^  slightly  stiaw-ooloiired  liquid,  of  apeciflo  oraTity  0*9449  at  13^,  hayinff  a 
pleasant  aromatic  odonr  and  burning  taste.  It  bous  at  203^.  Vaponr-density,  obs., 
-  6-47 ;  calc  -  6-0.  ^^ 

AmhydroxalaU  of  Barium^  C"H*Ba*0*,  crystallises  in  large  beantiM  nacreous  scales 
like  paraffin,  moderately  soluble.  The  ealeiitm-salt,  C*^H"Ga''0*,  forms  a  white  crys- 
talline mass. 

The  kydro^en-talt  or  amkydroxalie  aeid,  0^**0*,  prepared  from  the  zino-salt  which 
is  contained  in  the  reaidne  remaining  after  the  distulation  of  the  three  ethers  aboye 
described,  is  but  sparingly  soluble  in  water,  from  which,  howeyer,  it  crystallises  in 
beautiful  nacreous  scales  which  melt  at  60*5^,  but  afterwards  remain  liquid  for  some 
time  eyen  at  ordinary  temperatures;  they  are  yery  unctuous  to  the  toucn,  and  easily 
soluble  in  alcohol  and  ether. 

The  eoppersait,  C**H**Cu'0',  is  deposited  from  its  aqueous  solution  in  minute  li^^t 
blue  scales,  yery  sparingly  soluble  in  water.  ^^ 

6.  mh«in<»¥««0  or  Bttuunoffljoolllo  Aeld,  G*H>K)«  « IO^<™'^^H")0]'  |  q, 

*— The  ethylio  ether  of  this  acid,  C"H**0*,  is  the  portion  of  the  ethereal  distillate  aboye 
mentioned,  which  boils  between  222^  and  226**.  Its  fbrmation  is  repreaoited  by  the 
equations : 

C«H*l0«  +  4C»H>'I  +  Zn*  -  C«H»  yO»  +  Zn-|X»5„n  +  2ZnI«. 


[CXO.ff'^ZnO'H'Wjo 


•  +  2BP0 


H  f-O*  +   ^?   (    +  Zn^HH)'. 

G«H*  )  ^    > 

Bthylfc  etbam- 
oxaUta. 

Ethylio   ethamozalate  is  a  straw-coloured  oily  liquid,  haying  an  aromatic   but 

6-92. ' 


excess, 

and'treatingthe  product  with  ether,  ethamozalic  acid  is  obtained  as  a  thick  oil, 
gradually  solidifying  to  a  crystalline  mass.  The  harium'SiUt  contains  C^'E'^Ba^O' ;  the 
niversalt,  C»H"AgC)«. 

6.  iWmoTaHaarlHamoglyooMIc  Aeld,  C'«H*K)*  «  [^^"^^'[o.— The 

ethylic  ether  of  this  acid,  G'fH*0',  is  contained  in  the  last  portion  of  the  ethereal  dis- 
tillate resulting  from  the  action  of  dnc  and  iodide  of  amyl  on  oxalic  ether.  Its  forma- 
tion is  represented  by  the  equations : 

(?H»  V0«  +  40»H"I  +  Zn«  «       ZnC»H»>      >0«  +  Zn^J^Sm  +  2ZnP. 


Ethytie  Ethjllc  sine-  Zlne-amylo- 

lautflb  nonainrl-^' 

oxama 


oxautflb  nonainjrl-diaai-  eCtayUta. 


ZnO*H»      >()•  +  25K)  »  H  >0«  +  ^5   [    +  ZdTIPO*. 

C*H»        >  C*H»        )  ^   > 


C»H»        >  C*H» 

Btbyllc  giBc  moo-  Bthylle  di- 

«Dyl-4laaiDzalata.  uaoxalatc. 
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Ethylie  iiamoxalate  is  more  yiacid  tium  the  two  last-described  ethen,  and  has  the 
lowest  specific  grayity  of  any  ether  belonging  to  this  series,  its  density  at  13^  being' 
only  0*9137.  In  fiict  the  specific  gravities  of  all  these  ethen  decrease  as  their  atomic 
weights  increase.  Their  Tapours  also  exhibit  a  tenden^  to  dissociation,  increasing  with 
the  weight  of  the  atoms  which  replace  the  oxygen  in  oxalic  ether,  whence  there 
arises  an  increasing  divergence  between  the  obeyed  and  calculated  vapour-densities. 
The  vapour^ensity  of  ethylic  dJamoxalate  is  by  experiment  8*4,  by  calculation  only 
6-9.    Boiling  point  about  262^ 

JXamoxalate  ofBarivm^  G**H^'Ba''0*,  obtained  by  decomposing  the  ether  with  baryta- 
water,  ciystallises  in  minute  elastic  needles  having  the  appearance  of  wool  when  dry. 
It  is  moderately  soluble  in  hot,  sparingly  in  cold  water. 

DiamoxaUc  aoidj  obtained  by  decomposing  a  solution  of  the  bsrium-salt  in  hot 
dilute  alcohol  with  sulphuric  acid,  and  evaporatLns  the  filtrate,  crystallises  in  colourless 
satiny  fibres,  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It  melts  at  122°,. 
and  solidifies  immediatelv  after  a  very  slight  reduction  of  temperature.  At  a  stronger 
heat  it  sublimes  and  condenses  on  a  cold  surface  in  white  crystalline  flakes  like  snow. 

7.  Action  qf  Zino  on  a  mixture  qf  AmyUo  oxalate  and  AmyUc  iodide*  When  th«se 
ethers  in  equivalent  quantities  are  gently  heated  with  sine,  a  brisk  reaction  soon  sets  in^ 
much  amylic  hydride  and  am^lene  are  evolved,  and  the  whole  solidifies  to  a  gum-like 
mass,  which  when  distilled  with  water  yields  an  oily  liquid  resembling  that  obtained 
when  ethylic  oxalate  is  used,  and  in  all  probability  containing  a  series  of  amylic  ethMvl 
analogous  to  the  ethylic  ethers  described  under  4,  5  and  6  ;  but  it  has  not  yet  beeui 
found  possible  to  separate  them,  their  boiling  points  being  so  high  that  they  decomposa 
when  an  attempt  is  made  to  distil  thenu 

OZJL&ITB.    Native  ferrous  oxalate,  also  called  Eumboldtine  (p.  258). 

eg  ATiMBTH  K  J*0  V lH IDH.    Sya  with  Mbthtlbthtijo  Ozalatb  (p.  271). 

L    Syn.  with  Ethtlox^lio  Acid  (p.  271). 

Oxaian.    C^»N«0«     -     ^^^T^In   or     (00r>N«. 

(Bosing  and  Schischkoff,  Ann.  Ch.  Pharm.  cvi.  265, — ^Liebig;  ibid,  cviil  12^. — 
Strecker,  ibid.  cxiiL  47). — A  compound  obtained  as  a  white  precipitate,  together  with 
dialnric  add,  by  the  action  of  ammonia  and  hydrocyanic  add  on  alloxan : 

2C*H«N«0«  +  H«0  +  NH*    -     C^*N»0»  +  C*H*N»0*  +  CQ*. 

Alloxao.  Oxaluramide.       Dlaluric  acid. 

Probably  also  hj  the  action  of  anhydrous  ammonia  on  parabanic  add : 

C»H«N«0«  +  Nff    «     Cra»NK)»  (Strecker). 

It  was  first  prepared  bv  Rosing  and  Sduschkof^  who  called  it  oxalan,  and  assigned 
to  it  the  formula  C'*H*'N'^0'\  Its  Ibrmation,  however,  appears  to  have  been  pre- 
viously observed  by  Liebig,  and  analyses  of  it  subsequently  made  under  his  direction 
do  not  agree  with  Kodng  and  SchischkofTs  formula,  but  show,  in  accordance  also  with. 
Strecket^s  analysis,  that  Uie  body  has  the  composition  of  oxaluramide : 


CakuUMm. 

Botlng  tnd  SchUchkoff. 

Liebig. 

Strecker. 

c» 

36         27*5 

270        27-7 

26-3        27*7 

27-7 

H» 

6           8-8 

40           4-4 

40          4-2 

3*8 

N» 

42        821 

30-8        801 

32-6        32-4 

82*4 

0» 

48         36*6 

131      1000 

Strecker  has  also  shown  that  the  hydrocyanic  add  takes  no  part  in  the  reaction,  further 
than  as  a  sort  of  ferment,  and  that  the  whole  of  it  may  be  recovered  from  Uie  Hquid 
filtered  firom  the  predpitate  of  oxaluramide. 

Oxaluramide  is  a  white  crystalline  powder,  insoluble  in  cold  water,  but  dissolved 
and  decompoaed  by  prolonged  boiling  with  water,  with  formation  of  oxalurate  and 
oxalate  of  ammonium.  When  boiled  with  caustic  alkalis,  it  gives  off  ammonia  and  yields 
an  oxalate.  It  dissolves  completely  in  strong  aulphurie  acM,  and  according  to  Strecker 
18  predpitated  from  the  solution  bv  water,  in  its  original  state.  According  to  Bosing 
and  Schischkofl^  on  the  other  hand,  the  body  thus  precipitated  is  a  product  of  decom- 
podtion,  containing  G"H'*K''0*';  moreover  the  dilute  sdution  from  which  this 
compound  has  separated  depodts  after  a  while  large  colourless  prisms  containing 
G«H>*NH)*.  According  to  Strecker,  however,  this  last  body  is  nothing  but  aOoxantin 
(CH^^'O^^),  formed  by  the  action  of  the  add  on  dialurate  of  ammonium  adhering  to  the 
oxaluramide. 
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A  Mlntioo  of  aUosaa  mixed  with  hydzociTanlo  add  yieldsy  on  addition  of  ethjl- 
•iniii«^  phenykmin^  &c.,  predpitates  resemUiiig  ozalarainide  and  oonsistiiig  of 
ethyl-ozaluramida,  (yM\Cm*yS'0^,  phenyl-ozalnramide,  C*H\G«H*;^H)', 
die    (Strecker.) 

Tbe  laat-meniioaed  body  is  identical  with  that  which  Lanxani  and  Ckduidt 
obtained  by  heating  parabanic  add  with  aniline.  It  is  a  white  alight^  naoteooa 
czyatalline  powder,  compoajod  of  well-deflned  mioroscopio  neadlaai  taateleaa  and  inodoroui^ 
insolnble  in  boiling  water,  nearly  insoluble  in  boiling  aloohol ;  it  melta  at  a  high  tempo- 
ratnre^  and  deoompoaes  when  still  more  stronfly  heated,  ^Ting  off  very  acrid  yaponrs 
containing  cyanoffen-compomids.  When  slighUy  heated  with  potash,  it  gives  oft  aniline 
and  ammonia.  It  dissolves  easily  in  sulphoric  add,  the  solution  when  heated  giving 
off  carbonic  anhydride  and  carbonic  oude,  without  blackening;  and  the  product*  if 
exposed  to  the  air,  gradually  becomes  filled  with  crystals  of  add  sulphate  of  ammonium, 
and  yields,  when  duuted  with  water,  the  reaction  of  phenyl-sulphunc  add.  (Laurent 
and  aerhardt,  Ann.  Ch.  Fhys.  [3]  zxiv.  177.) 

lli:i(A%inpAWXW]llL    Syn.  with  VBXKYL-ojJkLVUAMXxm  (tad  *vp»\ 

OZA&VSIO  AOnK  C*fl«NH)«.  (Liebig  and  Wohler,  Ann.Ch.Fhann.  zzvL 
387.) — ^When  parabanic  add  is  heated  with  aqueous  ammonia,  it  is  converted  info 
oxalurate  of  ammonium ;  or  carbonate  of  caldum  dissolved  in  aqueous  parabanic  acid 
yields  ozalvrate  of  caldum.  Ozidurate  of  ammoninm  is  also  formed  by  the  action  of 
oxygen  on  an  a<|ueous  solution  of  murexan  (see  HunaxAir) ;  and  by  adding  ammonia  to 
a  sdution  of  unc  add  in  warm,  very  dilute,  nitric  add.  The  ammonium-salt  is  dis- 
solved in  warm  water,  and  the  oxaluric  add  precipitated  by  a  mineral  add,  washed  and 
dried  (Liebig  and  Wohlerl  Lastly,  oxaluric  add  is  produced,  together  with 
gnanidine,  parabanic  add,  zantoine,  and  una,  by  the  action  of  hj^drochloBO  add  and 
potaaaic  chlorate  on  guanine.    (Strecker,  Ann.  CK  Pharm.  ezviii.  151.) 

Oxaluric  add  is  a  white  crystalline  powder,  which  has  a  verv  add  taste,  and  reddens 
litmus.  It  neutralises  alkalis  completely.  It  is  very  sparingly  soluble  in  cold  water : 
its  aqueoQS  solution  is  deoompoeed  oy  boiling  into  oxalic  add  and  urea : 

<J«HWO«  +  H*0     -     0«H«0<  +  CH*NK). 

Oxaluric  add  is  monobasie.  The  ammoniMtm^aalt,  G*H|(NH*)Z9X)^  forms  silky 
anhydrons  needles,  readily  soluble  in  hot  water  (Liebig  ana  Wohler).  The 
barium-salt,  C*H'Ba'^H]^.2H'0,  is  obtained  by.predpitationinlong  colourless  needles, 
often  intejrsecting  one  another.  It  gives  off  its  water  at  130^ ;  Uie  oystals  dissolve  in 
633  pts.  ivater  at  9^  and  66  pts.  at  100^.— The  ealcium^salt,  C^*Ca'^K)*.2H*0, 
obtamed  in  like  manner,  ciystailises  in  colourless  needles,  soluble  in  483  pts.  water  at 
16^,  and  in  20-  pts.  boiling  water  (P.  Waage,  Ann.  Ch.  Fharm.  cxviii.  AOl). — The 
Hlffersalt  is  obtained  "hj.  adding  oxalnnte  of  ammonium  to  nitrate  of  silver,  as  a  flaky 
predpitate  which  dissolves  in  hot  water  and  separates  on  cooling  in  long  silky 
anhydrous  needles  (Li  e b i g  and  Wohler).  The  i)dium-salt  separates  as  a  crvstaUine 
powder  on  mixing  a  dilute  lukewarm  solution  of  sodic  carbonate  with  a  solution  of 
alloxan  containinga little  prussic  add.  It  is  much  less  soluble  in  water  than  the 
potassium-salt    (Waaee.) 

Oxaluric  add  may  be  regarded  as  an  uridie  acid  analogous  to  the  amie  adds: 
C^*1SH)*  m  oxalic  add  +  urea  —  HH),  just  as  oxamic  add,  C*HVO*  ^  oxalic 
add  +  ammonia  —  H*0.  (Oerhardt  aod  Laurent,  Ann.  Ch.  Fhys.  [3]  xxiv.  175.) 

P.  T.  C. 


L    Syn.  with  Mbtbtl-Ethtuc  Ozaiatb  (p.  271). 
Syn.  with  Sfhtuc  Oxaxjlt»  (ps  280). 
Syn.  with  SinrsTLio  Ozaicatb  (p.  281). 

C»H»N0«     -     (CK)')"!^.    (Bftlard,  Ann.  Ch.  Phys.  [3] 

iv.  OS.^Bacaloglio,  J.pr.Chem.lxxxi.869. — ^Toussaint,  Ann.Ch.Phann,czx.237.) 
— ^An  add  produced  by  the  dehydration  of  add  oxalate  of  ammonium.  This  salt 
when  heated  in  an  oil-bath  to  about  230^,  gives  off  water,  carbonic  oxide,  and  carbonic 
anhydride,  then  carbonate  and  cyanide  of  ammonium,  and  if  the  distillation  has  not 
been  carried  too  far,  a  residue  is  left  consisting  almost  entirely  of  oxamide  and  oxamic 
add.    The  formation  of  the  latter  is  represented  by  the  equation : 

C«H(NH*)0*    -    H«0     -     C«H«NO». 

The  add  reddue  is  treated  with  cold  water ;  the  filtered  solution  is  neutralised  with 
ammonia  and  precipitated  by  a  saturated  solution  of  a  barium-salt ;  and  the  resulting 
crystalline  predpitate  of  oxamate  of  barium  purified  by  solution  in  boiling  water 
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(deoolorifling  with  animal  ehaztsoal  if  neeeMaxy)  and  etyatalliflation.  The  crystals  are 
then  deoomposed  with  an  eqniyalent  qnanti^  of  Tory  dilate  anlphnrio  acid,  and  th» 
iUtrate  ia  evaporated  to  the  ezyBtalliaing  poinK 

The  add  may  idao  be  obtained  by  deoompoong  the  nlTer^alt  with  dry  hydroehlorie 
add  gas,  treating  the  product  with  boiling  abaolnte  alcohol,  and  evapoiating  the 
filtrate. 

Ozamic  acid  is  also  produoed,  as  an  ammoniun-8alt»  by  boiling  ozamide  with  aqneoua 
ammonia; 

C*H*N«0«  +  HK>    -    C«H»(NH*)NO». 


After  the  boiHnff  haa  bean  eontiniied  for  some  time^  the  ammonia  being  always  kept  in 
excess,  the  solution  on  cooling  deposits  nothing  bat  groaps  of  slender  prisms,  consisting 
of  ammoninm«ozamate ;  and  the  saturated  solution  of  this  salt  mixed  with  strong 
hydrochloric  aeid,  and  left  to  itself  for  twelve  hours,  depodts  oxamie  add  as  a  white 
powder,  wl^ch  may  be  washed  with  cold'wate^  and*left  to  dry  at  the  ordinary  tempera- 
ture.   (Toussaint) 

Oxamio  add  is  a  white  ciystalllne  powder  sjMaingly  soluble  in  cold  water,  still  less 
soluble  in  alcohol,  insoluble  in  ether.  Aeoordin^  to  Tousssint,  it  dissolves  in  68  pts. 
water  at  18® ;  in  another  experiment  with  the  acid  senamted  from  mercorous  ozamate 
he  found  that  it  reouired  71  pts.  water  at  14P  to  dissolvent.  By  boiling  with  water  it 
IS  quickly  oonverted  into  ada  oxahite  of  ammonium.  Heated  with  caustic  alkalis  or 
with  adds  it  is  resolved  into  ammonia  and  oxalio  add.  It  melts  at  173^,  and  is 
decomposed  ^to  water,  oxamide  and  formic  add.  (Tonssaint)  

OxAMATSS.  Oxamie  add  is  monobasic,  the  fivmnla  of  its  salts  being  0*H*MNO* 
or  C^H^M^K)*,  aeeordmff  to  the  atomidtv  of  the  mataL  The  amii0nium-salt 
CH'(NH*)NO'  forms  stel&te  groups  of  smaul  aahydrons  prisms,  which  according  to 
S^narmont  (Jahresb.  1867,  p.  996)  are  monoclinie,  exhibiting  the  combination 
ooP .  [  QoPl}  .  [  ooPao  ]  .  oP.  The  dinodiagonal  is  to  the  orthodiaconal  as  0*6489  : 1. 
Angle  of  indined  axes  *■  64°  23' ;  o»P  :  ooP  in  the  clinodiagonu  prindpal  section 
-  119«  2(f;  raP2]  :  [<»P2].  ^  <^®  ""ae  -  81°  2*;  oP :  ooP  -  111©  66'.— The 
barium-salt,  C^^Ba^'0*.3H*0,  is  a  crystalline  predmtate  which  gives  off  its  water  at 
160^'  (Balard).— The  euvric  salt,  C«£L«Cu"N*0«.H*0,  is  obtained  by  pr^ipitation  as 
a  bloe  flnmular  powder  soluble  in  hydrochloric  add,  less  soluble  in  water  and  in  nitric 
add.  The  hydrochloric  add  solution  of  the  predpitate  is  coloured  blue  by  potash, 
but  predpitated  only  at  the  boiling  heat  (Bacaloglio).— The  fnroua  salt, 
C*K*Fe''NH)^.BPO,  forms  yellow  microsco^o  crrstals.  &centi^  predpitated  firria 
hydrate  dissolves  in  boiling  aqueous  oxamie  add ;  but  the  solution  decomposes,  like 
tne  oxalate,  on  exposore  to  the  sunshine,  ibrming  a  yellow  predpitate.  The  solution 
of  ferric  hydrate  in  add  oxamate  of  potasdum  deposits  green  crystals  on  cooling 
(Bacaloglio).— The  neutral  lead-sail,  G«H9b"N«€r.H*0,  u  white,  crystalline^  spar- 
ingly soluble  in  cold,  more  easily  in  hot  water ;  the  solution  has  an  add  reaction.  The 
salt  gives  off  its  water  (4*49  per  cent.)  at  100^  but  does  not  decompose  at  176^.  The 
basic  lead-salt,  OH*Pb*N^0*  Pb^O,  obtained  b^  predpitating  bade  acetate  of  lead  with 
ammonium-oxamatc,  is  a  white  predpitate,  insoluble  in  water  and  anhydtoos  after 
being  treated  with  boiling  water  (Bacalofflio). — ^The  fnereuiraus  and'  mereUriei  salts 
are  white  predpitates,  obtained  by  heating  Uie  solutiomi  of  the  nitrates  with  ammonium 
oxamate  (Bacaloglio>— The  niekelsalt,  C«H«Ni*KK)«H*0,  is  a  neenish-white 
mnular  powder  sparin^y  soluble  in  hot  water  (Bacaloglio).— ■The  sHveir-saU, 
O'H'AgNO',  obtained  by  treating  a  solution  of  silver-nitnito  with  bariunipoxamate, 
separates  as  the  liquid  cools  in  oolouriess  silky  needles,  which  are  decomposed  by 
exposure  to  the  light*  the  silver  separating  on  the  suifkoe  and  blackening  them. 
(Balard.) 

H»    )j- 

OXAXIO  BTBXB8.    In  the  molecnle  of  oxamie  add  (C*0']r  Vq,  dther   the 

hydrogen  belonging  to  the  water-lype,  or  that  belonging  to  the  ammonia-type,  may  be 
replaced  by  aloohol-radides.  In  the  former  case  neutnu  ethers  are  formed,  belonging 
to  the  class  of  amethanes  (L  198),  of  which  the  following  are  known : 

H»    ) 
Hethylic  Oxamate  or  Oxamethybine  .    C"H*NO»    —    (OW)"). 

CH«    > 

Ethylie  Ozamate  or  Oxamethane  .    O^H'NO*    -    (OH)*)*?^? 

0^»  3^ 
H'    *% 
Amylic  Oxamate  or  Oxamylane  ;  dP"NO«    -    (tJ«0^)-5 

C»H»  i  ^ 


2eiO  OXAMIG  ETHERS, 

TIm7  are  pfodnoed  by  the  action  of  dry  ammonia  on  thie  ooResponding  nentnl  ozalia 
othen. 

In  the  latter  case,  monobasic  add  etben  are  produced,  which,  if  only  one  atom  of 
hydrogen  ia  replaced,  are  metameric  with  thoae  of  the  preceding  claes  containing  the 
aame  aloohol-radidea.  They  are  obtained  by  dehydration  of  the  acid  ozalatea  of  the 
cocreaponding  amines.    The  following  have  been  prepued : 

Methyl-oxamic  add        .        .        .    C?H»NO«    -    (WvIq 
Ethyl-ozamic  add  .       .        .    OKVO'    -    (OK>^T[o 

Fhenyl-oxamie  acid        .       .       .    C'H^O'    -    (C'O«)*J.0 

Tlia  replaeement  of  both  hydrogen-atoma  belonging  to  the  ammonia-type  woold 
likewise  yield  monobasic  adds :  none  of  these  are  howerer  known  in  the  firae  state, 
but  the  ethylio  ethan  of  dimethyl-  and  diethyl-oxamic  adds  hare  been  obtained, 
via.: 

(CH«)«  )Tg 
EthyUc  Dimethylonmate      .        .    C^^NO"    -    (C'C^rlf! 

C»H»  )" 

Ethylic  Diethyloxamata         .        .    G^*«NO*    -     (CK)T>n 

C»H»  >^ 

AmjUo  OxABUKle,  or  OzamjrlaBe.  C^H'^NO*.— This  compound  is  produced 
by  the  action  of  ammonia  in  the  gaseous  state  or  in  aleohoUe  mlntion  on  neutral 
amylic  oxalate : 

It  is  soluble  in  alcohol,  whence  it  separates  on  eTapwration  in  rudimentary  ill- 
defined  arjrstala.  It  is  deoomposed  by  boiling  water,  yielding  amylic  alcohol  and 
osamicaeid. 

Mflijlln  nwmafiii     a   Oxam$thane.   CH'NO*  -  (0*0'y7^<-<Dumas  and 

Boullay,  Ann.  Gh.  Phys.  [2]  xzzvii.  40. — ^Dumas,  ibid.  liy.  241. — Li  ebig,  Ann.  Ch. 
Pharm.  iz.  129). — ^Prepared  by  passing  dry  ammonia  gas  through  dnr  ethylic  oxalate 
till  it  solidifies.  The  resulting  mass  is  washed  with  alcohol,  and  the  solution  is  evaporated 
till  it  oystallises. 

Oxamethane  forms  unctuous  pearly  crystals  belonging  to  the  trimetrio  system. 
Dominant  form.  Poo  •  oof  ao  .  oa!p  .  oo^.  Batio  of  axes,  a  :  b  :  e  ^  0*924  :  1  : 
0-715.  Angle  Poo  :  ool>ao  i-  126^' 83';  odP  :  oofoo  »  U2P  AZ* ;  »f2  :  oof^oo 
«  161^  34.  It  melts  at  110<»  and  distils  at  220^.  Vapour-dendty  (cal&  for  2  vol.) 
»  4*056.  It  dissolves  very  readily  in  cold  water  and  in  aloohoL  By  boiling  with 
water  it  is  converted  into  alcohol  and  add  oxalate  of  ammonium: 

C^H'NO'     +     2H«0      -      C«H(NH*)0«     +     C"HH). 
Ammonia  converts  it  into  alcohol  and  oxamide : 

C*H'^0«     +     NH»      -»      C*H«0     +     C^*N»0«. 

According  to  Balard,  the  aqueous  solution  of  oxamethane  boiled  with  a  small  quantity 
of  ammonia,  yields  oxamate  of  ammonium.  Boiled  with  barj/ta-water  it  gives  off 
ammonia  and  forms  a  sparingly  soluble  barium-salt.  Potash  luideoda  under  the  same 
drcumstances  eliminate  ammonia  and  form  ethyl-oxalates. 

0.  Chlorosamethane,  C«H*CPNO*.  Chloroxethamide,  (Halaguti,  Ann.  Gh. 
Phys.  bodv.  804 ;  ibid,  [8]  zv.  49).— Produced  by  the  action  of  dry  ammonia-gas  on 
penhloroxalic  ether: 

C^O»C1»)«0«     +     2NBP      -      C*HKJ1»N0«     +     C«BWn"NO     +     2flGL 
Perehloroxalie  Chloroxamethane.  TrlehloraceU 

•ther.  amide. 

When  dry  ammonia-gas  is  passed  into  a  tubulated  retort  containing  pulverised 
perchloraxauc  ether,  the  temperature  rises,  a  fiooculent  substance  is  deposited  on  the 
sides  of  the  retort,  and  a  fetid  odour  is  evolved.    When  the  action  has  ceased,  the 
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letort  is  found  io  be  lined  with  small  iridescent  laminse.  The  whole  is  treated  with 
ether,  the  solution  filtered  from  sal-ammoniac,  and  the  crystals  which  form  on  eTapora- 
tion  are  pressed  between  pi^>er  and  purified  by  solution  in  hot  water,  treatment  with 
animal  charcoal,  and  repeated  ciystallisatlon. 

Ghloroxamethane  forms  white  crystals  belonging  to  the  trimetrie  system,  and 
isomoiphous  with  oxamethane.  Dominant  form,  rco  .  ooP| .  ool^cb .  Batio  of  the  uces 
a:b:o  mm  0*924  :  1:  0*716.  Inclination  of  the  faces,  too  .teo  =  125®  33* :  odP|  : 
ooFoo  —  120° ;  ooP|  :  odP|  «*  120®.  It  is  SDaipgly  soluble  in  cold  water,  yety 
soluble  in  boiling  water,  alcohol,  and  ether ;  the  solution  is  not  precipitaJ^by  nitrate  of 
silver  or  by  soluble  calcium-salts.  It  haa  a  saccharine  taste,  with  bitter  after-taste.  It 
melts  at  184®,  but  a  considerable  portion  sublimes  before  melting.  Boiling  point 
above  200®. 

Boiled  for  some  time  with  pibtash,  it  ultimately  disappears,  gives  ofTa  large  quantity 
of  ammonia,  and  yields  oxalate  and  chloride  of  potassium,  together  with  another 
chlorinated  salt.  Aqueous  ammonia  dissolves  it  completely  in  a  lew  days,  producing 
ekloretkyloxalate  of  ammonivm. 

In  consequence  of  the  different  behaviour  of  oxamethane  and  chloroxamethsne  with 
ammonia  and  potash,  Qerhardt  and  Malagnti  suppose  that  they  belong  to  diJBTerent  types. 

7.  Ethyloxamio  aeid^  C«H*NO*  -  (C^O^fl^ — ^Formed    in  small  quantity, 

when  oxalate  of  ethylamine  mixed  with  excess  of  oxalic  acid,  is  melted  fbr  some  time 
in  an  oil-bath  at  180®:  C«H(C«HW)0*  -  H«0  -  C*H'NO«,  (Wurtz^  Ann.  Ch. 
Phys.  [81  xxz.  466.) 

by  the  action  of  diethylamine  on  oxalic  ether  (ii.  656).  It  is  a  liquid  which  boils  at 
260®,  is  resolved  by  boiling  with  alkalis  into  oxalic  acid,  alcohol,  and  diethylamine, 
and,  when  heated  with  alcoholic  ammonia,  is  converted  into  a  substance  which  is  iso- 
meric with  diethyloxamide,  <>Hi*N*0*  (p.  284).    (Hofmann,  Gompt.  rend.  hi.  902.) 

Mtotliylle  Ozamates.  a.  Osamethylane^  CH^NO*. — ^Prepared  by  saturating 
fused  methylie  oxalate  widi  dry  ammonia  gas  till  the  whole  solidifies  to  a  crystalline 
mass.  The  product  dissolved  in  boiling  aloohol  crystallises  on  cooling  or  evaporation 
in  cubic  crystals  having  a  nacreous  lustre.  When  boiled  with  water  to  which  a  few 
drops  of  ammonia  are  Mlded  firam  time  to  time  to  neutralise  the  add  which  is  produced, 
the  oxamethylane  is  completely  converted  into  oxamate  of  ammonium  and  methylio 
alcohoL    (Dumas  and  P^ligot,  Ann.  Gh.  Phys.  [3]  Iriii.  60.) 

ft  M9tkyla^amieacid,C^B?lS^Q^  «  (C»0«y' >  ^.--Pioduced,  with  elimination  of 

water,  by  heating  acid  oxalate  of  methylamine  to  about  160® :  C*H(CH'N)0^  ^  HH) 
ss  O'H'NO*.  Part  of  the  methyloxamic  acid  remains  in  the  residue,  wlule  another 
portion  volatilises,  and  sometimes  forms  a  crystalline  strongly  acid  sublimate  on  the 
neck  of  the  retort.  A  considerable  portion  of  the  acid  oxalate  of  methylamine  is, 
however,  converted  into  neutral  oxalate,  and  subsequently  intodimethyloxamide,  which 
also  crystallises  in  the  neck  of  the  retort.  It  is  advisable,  therefore,  to  interrupt  the 
distillation  after  a  while,  and  add  a  little  oxalic  acid  to  the  residue.  When  the  decom- 
position is  supposed  to  be  complete,  both  the  distillate  and  the  residue  are  to  be 
dissolved  in  hot  water,  the  solution  saturated  with  chalk ,  and  filtered.  The  concentrated 
solution  deposits,  on  cooling,  a  mixture  of  calcic  methyloxamate  and  dimethyloxamide, 
which  are  easily  separated  by  heat,  the  dimethyloxamide  then  volatilising,  whUe  the 
calcic  methyloxamate  remains  unaltered ;  it  may  be  purified  by  crystallisation  from 
hot  water.  v 

Methyloxamic  acid  forms  a  crystalline  roblimate.  The  calcium-salt,  CH'Ca'T^'O*, 
separates  fh)m  its  hot  aqueous  solution  in  small  well-defined  crystals.  (Wurtz,  Ann. 
Ch.  Phys.  [3]  xxx.  466.) 

(CH»)«)  ^ 

r  Ethylio  mmethyloxamate,  C«H»NO«  -  ((X)«r  V 5!.— Produced,  like  the 

C*H»  )  " 
corresponding  diethyloxamate,  by  the  action  of  dimethylamine  on  oxalic  ether.    It  is  a 
liquid  boiling  between  250®  and  260®,  and  resolved  by  distillation  with  potash  into 
alcohol,  dimethylamine^  and  oxalate  of  potassium.    (Hofmann,  iii  998.) 

H.C'H*) 

>h#nyto»amlo  or  Ozanllto  Add,  C^H'NO'  -  (C*0')'70  (Laurent   and 

H     ) 
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Liebig  (AnxL  Ol  FhaniL  eziii  146)  faaa  ihoim  tbftt  an  aqtnooa  ■dutionof  cyanogaB 
Oerhardt,  Ann.  Ch.  Fliya.  [8]  xst.  166). — ^To  piepaie  thiaoompoand^aniliiia  mixad 
with  a  Torv  large  ezeeas  of  osilie  add  ia  fbaed  lisr  ten  mimitflB  at  a  lugh  tempentcun ; 
the  cooled  maaa  boiled  with  water;  and  the  aolntion  filtered  ftom  the  ozanilids; 
whereupon  it  vieldi^  on  eooUng,  eryBtaik  of  and  oxanilate  of  aniline,  whilBt  a  potrtion  of 
the  salt,  together  with  a  amall  qnantily  of  ibnoanilide  and  a  laiga  quantity  of  oxalic 
add,  remains  in  the  mother-Uqoor,  fiom  whidi,  bj  predpitation  at  a  boiling  heat  with 
diloride  of  caldnm,  filtering  while  hot  fitom  the  oxalate  of  t^lrimnn  n^^^  ooelii^  an 
additional  crop  of  cvretals  ofealde  oxanilate  maj  be  obtained.  IHie  above-mentioned 
brown  oiyetalii  whidi  cannot  be  decoloriaed  by  reoyBtalliaBtion,  ave  conTeited,  either 
by  boiling  with  baiytaFwater,  or  by  aolntion  in  ammonia  and  predpitation  with  chloride 
of  biuiom,  into  oxanilate  of  benuu,  which  mnat  be  washed  with  cold  water,  and  deooi»- 
poeod  by  boiling  with  an  eqnindent  quantity  of  salphmie  add  (an  enMi  decompoaes 
the  oxanilic  aadX  after  which  the  flltnite  draoaits  the  nmnrilio  add  in  crystals  by 
eTaporation— or  they  mar  be  oonTsrted  into  uie  ealdnm-salt  by  sdation  in  ajninftiiia 
and  predpitation  with  chloride  of  caldnm,  and  that  salt  decomposed  by  solphnrie  add 
mixcKi  witii  alcohoL 

Phenyloxamic  add  ftnms  beantiAil  lamina,  which  redden  litmns  strongly,  dissolfa 
sparingly  in  cold,  abundantly  in  hot  fDOter,  easily  in  alcohol.  When  heated,  it  gives 
<kt  carbonic  oxide,  carbonic  anhydride  and  water,  and  is  conyerted  into  pure  oxanmds : 

ZCTBCNO*      -      C>«H'«N«0«    +     CX)     +     C0«    +    HH). 

By  boiling  with  dilute  hydrceklone  or  milpkurie  add,  it  is  resolved  into  k^ dzooUonta 
or  sulphate  of  aniline^  and  firee  oxalic  add.  With  a  boiling  concentrated  solution  of 
potasi  it  giTCs  off  aniline. 

The  phenyloxamates  or  oxanilates,  which  are  isomeric  with  liie  isatatee^ 
give  off  the  whole  of  their  aniline  when  heated  with  hydrate  of  potasnum,  and  a  portion 
when  boiled  with  potash-ley  or  strons  acetic  add. 

Ammonium-MlU,— The  neutral  saU,  C*H*(KH«)NO',  forms  beautiiul  lamintt,  which 
dissolve  sparingly  in  cold,  Terr  easily  in  boiling  water,  and  in  alcohol — The  acid 
salt,  G*HV7H«^0'.G^^0',  obtained  by  predpitating  the  solution  of  the  nentnd  salt 
with  hydrochloric  add,  and  learing  the  precuritate  to  eiyetallise,  fixnns  scales,  sparingly 
sduble  in  cold  water.  Both  salts  begin  to  decompose  at  190^,  give  off  ammonia,  and 
afterwards  carbonic  oxide  and  oarbonic  anhydiids^  together  with  a  small  quantity  of 
aniline^  and  leave  oranilidsi 

Bttnum-aalt-^Th^  white  ciystalline  pveeipitate,  whidi  the  ammonium-salt  forma 
with  chloride  of  barium,  oystallises  from  the  solution  in  boiling  water,  in  specular 
rhombic  scales,  which  contain  29*16  per  cent  baiinm,  and  are  therefore  C**H"Ba'VO'. 

Calcium-salt. — Obtained  in  a  similar  manner  with  chloride  of  wLlffinm.  Tufts  of 
needles  containing  10*8  per  cent»  caldum,  therefore  G**H"Ca''NK)*. 

SUver-salt. — Obtained  in  like  manner  with  nitrate  of  silver.  White  tabular  eiystali 
which  are  nearly  insoluble  in  cold,  but  dissolve  readily  in  hot  water.  They  contain 
89-8  per  cent  sdver:  therefore  CH^AgNO*. 

NiTBAtopHBKTLOXAXXc  AciD.    See  NtTBAiOFHENTULimfB,  under  PkmrrLA- 


C«HWO«  -  ^^4*^1  N"  (Gm.  ix.  262;  Gerh.  i  276).— This 

compound  was  first  obtained  by  Bauhof  in  1817f  on  mixing  oxalic  ether  with  aqueous 
ammonia,  but  it  was  regarded  as  a  compound  of  oxaUo  ether  and  ammonia,  till  L  i  e  b i ^ 
in  1834,  showed  it  to  be  identical  with  the  oxamide  whidi  Dumas  had  obtained  in 
1830  by  Uie  action  of  heat  on  neutral  oxalate  of  ammonium  (ip,  262). 

When  neutral  oxalate  of  ammonium  is  subjected  to  dry  distillation,  till  the  residue 
disappears,  oxamide  is  obtained,  partly  sublimed  in  the  nedc  of  the  retort  together 
with  carbonate  of  ammonium,  partly  floating  in  flakes  on  the  watery  distillate.  The 
whole  is  suspended  in  water,  and  the  oxamide,  amounting  to  4  or  6  per  cent  of  the 
ammonium  salt,  ie  collected  in  a  filter  and  washed  with  water  (Dumas).  In  this 
process,  however,  a  condderable  quantity  of  the  oxamide  is  decomposed  by  the  heat 
Hence  it  is  more  advantageous  to  prepare  it  by  the  action  of  ammonia  on  oxalic  ether 
(p.  269).  For  this  purpose  aqueous  ammonia  is  mixed  with  oxalic  ether,  dther  pure 
or  dissolved  in  alcohol,  and  the  predpitated  oxamide  is  washed  with  water  and  alcohol 
(Bauhof  and  Liebig).  Or  the  distillate  obtained  from  1  pt  of  salt  of  sorrel,  1  pt 
alcohol,  and  2  pts.  oil  of  vitriol,  may  be  immediately  shaken  up  with  aqueous  ammoma. 
The  dear  mixture  becomes  heated  and  depodts  oraTnide,  which  must  be  washed  first 
witJi  water  and  then  with  alcohol.    (Liebis.) 

Oxamide  is  also  formed  from  cyanogen  and  cyanides.  PI  ay  fair  found  it  amongst 
the  products  of  the  action  of  nitric  add  on  ferrocyanide  of  potasdum  (ii.  251). 
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■lized  with  aldehyde  gradnaliy  depoeite  erjstahi  of  oxamide,  the  whole  of  the  <7aiiogeii 
being  thereby  converted  into  oxamide,  while  the  aldehyde  appears  to  undergo  no 
alteration,  ae  the  solution,  if  again  saturated  with  cyanogen,  yields  an  additional 
quantity  of  ozAmide.  An  aqueous  solution  of  hydrocyanic  add,  mixed  with  peroxide 
of  hydrogen,  gradually  yields  a  crystalline  deposit  ctf  oxaniide :  2CNH  +  HO'  « 
G*H*NK)*.  Oxamide  is  also  formed  when  a  mixture  of  potassium-o^anide  and 
manganio  peroxidB  is  heated  with  a  small  quantity  of  sulphuric  add.  (A  ttf  i eld,  Chem. 

SOC  J.  XTL  9i.) 

A  small  quantity  of  oxamide  appears  to  be  sometimes  farmed  by  the  action  of  nitno 
add  upon  aeetone^    (Biche,  Jahrcsb.  1869,  p.  840.) 

Properiie»» — Oxamide  is  a  light  white  powder,  tasteless,  odourless,  and  insoluble  in 
cold  water.  Boiling  water  dissolTes  it  in  small  quantity,  and  deposits  it  on  eooling  in 
crystalline  flodo.  The  solution  is  seutial  to  test-papers^  and  does  not  predpitate 
calcium  salts.    Oxamide  is  insoluble  in  alcokoL 

I>eoomp<miion8. — 1.  Oxamide  heated  in  an  open  tube  volatilises  andformsaconftisedly 
enystalUne  sublimate ;  heated  in  a  retort  it  decomposes  partially,  leaving  a  residue  of 
charooaL  The  vapour  passed  through  a  red-hot  glass  tuoe  2  feet  long^  is  completely 
reeolved,  without  oepoeition  of  carbon,  into  carbonic  oxide^  carbonate  of  ammonium, 
hydrocyanic  add,  and  urea  (Liebig) : 

20»H*N*0»    -    CO  +  C0«  +  NH»  +  CNH  +  CH«8TO. 
OumUte.  UrM. 


But  when  hermeticaUy  sealed  in  a  metal  tube  (which  conducts  the  heat  weU)  and 
heated  fbr  some  minutes  to  810^,  it  is  partially  decomposed,  yielding  cyanogen,  carbonic 
anhydride,  and  ammonia  (Halaguti).  The  first  products  are  probaUy  cyanogen 
and  water: 

Cra^W     -     2CN  +  2HK); 

but  the  water,  acting  at  200^  on  aiiother  portion  of  the  oxamide,  forms  oxalate  of 
ammonium: 

and  the  oxalate  of  ammonium  is  resolved  at  22<P  into  ammonia,  carbonic  anhydride, 
and  carbonic  oxide.  Similarlyi  a  mixture  of  oxamide  and  sand,  heated  in  a  retort  to 
300^ — 330^,  yielos  nothing  but  cyanogen,  carbonic  oxide^  and  carbonate  of  ammonium. 
(Malaguti) 

2.  Heated  with  fkonkorie  anhydride,  it  yields  a  large  quantity  of  i^anogen, 
together  with  carbonic  anhydride  and  oavbonic  asda.  (Bevtagnini,  Ann.  Oh.  Plwcm. 
dv.  176.) 

8.  Oxamide^  kept  in  contact  for  some  time  with  saturated  chlofins-waUr,  disappears 
completely,  forming  hydrochloric  add,  oxalic  add,  and  probably  also  dilonde  of 
nitrogen,  which  then  undergoes  ftnther  decomposition,  but  without  formation  of  sal- 
ammoniac.    (Malaguti.^ 

4.  Oxamide,  boiled  witn  a  fourfold  quantily  of  nitric  acid,  of  spedfie  gravity  1*35, 
is  resolTed  into  a  mixture  of  1  voL  nitrogen,  1  voL  nitrous  oocide,  and  2  vol.  <»rbonio 
anhydride  (Malaguti) : 

C«H*NH)«  +  2HN0»    «    N»  +  N«0  +   200*  +  3HH). 

According  to  Bauhof^  nitaic  add,  even  when  hot,  has  no  action  upon  oxamide;  accord- 
ins  to  0.  Henry  and  Plisson,  strong  nitric  add  forms  with  it  ammonia  and  carbonio 
aimydride. 

6.  With  stron^i  ttdphurio  add,  but  only  when  heated,  oxamide  forms  carbonio 
oxide  and  carbonic  aunydride  in  e^ual  volumes,  ammonia  remainina  behind  Uk  com- 
bination with  the  sulphuric  add,  which  remains  colourless  (Dumaa^  T^iebig) : 

CHWO*  +  H»0     -     CO  +  C0«  +  2NH». 

6.  All  the  strong  adds  in  the  dilute  state  decompose  oxamide,  yielding  an  ammonium- 
salt  and  free  oxahc  acid.    (O.  Henry  and  Plisson.) 

C*H*N«0«  +  mSO*  +  HK)     =    (NH*)?SO«  +  0*HKM. 

Such  is  the  action  exerted  by  sulphuric,  hydroddoric,  nitric,  and  tartaric  add,  as  well 
as  by  oxalic  add  itself;  but  not  by  acetic  add,  which  indeed,  when  boiled  with 
oxamide,  goes  off  in  vapour  without  exerting  any  actiozL    (0.  Henry  and  Plisson.) 

7.  Oxamide  is  not  altered  by  fourteen  days'  contact  with  cold  water,  or  by  boiling 
with  water ;  but  when  heated  with  water  to  224^  under  increased  pressure,  it  yields  a 
liquid,  which  is  add  after  evajxmtion,  gives  off  ammonia  with  hydrated  oxide  of 
lead,  and  yields  an  abundant  precipitate  with  caldum-salts.  (0.  Henry  and  Plisson  ) 
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8.  Oxamide,  heated  with  aqneoui  alkoHB^  is  resolred  into  alkaline  oxalate  and 
ammonia^  which  Tolatilisea,  without  any  trace  of  alcohol  (Dumas) : 

C*H*N«0«  +  2KH0     -     C«KK)*  +   2NH». 

Aqneons  ammonia  deoompocKfi  ozamide,  eren  at  ordinary  temperatorei^  gradually 
diaaolving  it  in  the  name  manner  ^O.  Henry  and  Plisson).  By  continued 
boiling  with  aqneona  ammonia,  oxamide  ia  converted  into  oxamie  acid  (Tonasaintr 
p.  279).  Boiluig  oarbcmaU  of  poUusium^  according  to  Baoho^  has  no  action,  upon 
oxamida 

The  boiling  aqneona  solution  of  oxamide  doea  not  precipitate  niirate  or  acetate  of 
lead;  but  on  the  addition  of  a  smaU  quantity  of  ammonia,  and  application  of  heat,  it 
Uirowa  down  basic  oxalate  of  lead ;  the  decomposition  of  oxamiae  into  oxalic  acid 
and  ammonia  takes  pUoe  much  more  quickly  under  these  dxcumstanoea  than  under 
the  influence  of  adds  or  alkalis  alone,  being  assisted  probably  by  the  insolubility  of  the 
leadnult.    (Pelouse.) 

9.  On  f[ently  heating  oxamide  in  contact  with  potasnum,  cyanide  of  potassium  ia 
formed  with  vivid  defl.^;ration  (Liebig) — ^probabfy  thus : 

C«HWO«  +  K«     -    2CNK  +  2KH0   +  H». 

10.  When  oxamide  is  boiled  with  water,  and  mereurio  oxide  is  gradually  added,  a 
compound  of  the  bodies  containing  2CH^N'0*.Hg'0  separates  as  a  white  powder 
(Dessaignea).  But  dry  oxamide  heated  with  mercuric  oxide,  is  oxidised,  yielding 
urea  and  carbonic  anhydride  (Williamson): 

C«H*N»0*  +  Hg'O     -     CH^NK)  +  C0«  +  Hg. 

Oxamides  eontaimng  Aleohol^r<idicU8, 

(CK)')")    . 
JMmetbjlozamlde.    G^H^NO*    ->  (OH*)*)*!?*  (Wurt2,Ann.Gh.  PhyB.[3] 

H«     ) 

464). — ^Neutral  oxalate  of  methylamine  is  resolved  by  dry  distillation  into  water  and 
dimethyloxamide : 

<?(CH*N)*0*      -.      C^«N»0«     +     2HK). 

The  transformation  is  much  more  complete  than  that  of  oxalate  of  ammonium  into  ox- 
amide, because  dimethyloxamide  is  much  more  volatile  than  oxamide.  The  dimethyl- 
oxamide collects  in  the  neck  of  the  retort  in  the  form  of  long  delicate  needles  inter- 
lacing each  other  in  all  directions. 

The  compound  is  also  produced  by  the  action  of  a  solution  of  methylamine  on 
oxalic  ether,  the  products  bemg  alcohol  and  dimeUiyloxamide : 

C«(0«H»)«0*     +     2CH»N      =      2C*H«0     +     C*H^K)* 

This  is  the  better  mode  of  preparation.  The  reaction  takes  place  immediately,  with  evo- 
lution of  heat,  the  product  being  a  white  magma  composed  of  delicate  needles;  these 
dissolve  readily  in  hot  water,  and,  as  the  solution  cooli^  the  dimethyloxamide  crystal- 
lises in  the  form  of  long  interlaced  needles.  It  dissolves  in  alcohol  lees  readily  than 
in  water.  The  fixed  alkalis  decompose  it  easily,  with  evolution  of  methylamine  and. 
formation  of  an  alkaline  oxalate : 

0«H*N«0«     +     2KH0      =      C^«0*     +     2CH»N. 

It  is  carbonised  by  phosphoric  anhydride. 

(C^O^)") 
IMtollijlMamide.    C«Hi*N*0'    »    (CI*H«)*VN*  (Wurtz,  Ann.  Ch.  Fhys.  [3] 

■rrr-  490). — Obtained  by  methods  precisely  similar  to  those  which  yield  dimethyl- 
oxamide ;  the  reaction  of  ethylamine  on  oxalic  ether  affords  the  best  mode  of  pre- 
paration. 

Diethyloxamide  is  more  soluble  in  alcohol  and  water  than  oxamide.  From  the 
alcoholic  solution  it  crystallises  in  beautiful  needles.  It  is  volatile,  and  condenses  on 
the  sur&ce  of  cold  bodies  in  woolly  crystals.  Potash  decomposes  it,  forming  ethyl- 
amine and  oxalate  of  potassium : 

Cra»«N*0«     +     2KH0    «     C«KK)*     +     2C*H^. 

Phosphoric  anhydride  carbonises  it. 

Hofmann,  by  acting  on  ethylic  diethyloxamate  (p.  281)  with  ammonia,  obtained  a 
compound  metameric  with  that  just  described,  but  cufferine  fiom  it  in  the  mode  of  its 
decomposition  by  alkalis,  yielding,  not  2  at  methylamine,  but  1  at.  diethylamine  and 
I  at  ammonia.  It  may,  in  fiict,  be  regarded  as  consisting  of  a  molecule  of  diethylamine 
and  a  molecule  of  ammonia,  bound  together  by  the  diatomic  radicle  oxalyl : 
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(CK)»)-,         +    2KH0     -     C»K«0«    +     CW»    +    IPS. 

Wurf  c's  diethylozamide,  on  the  other  hmd,  oonsbts  of  2  at  ethylamine  boand  to- 
gether in  a  similar  manner. 

(C*0"f  ) 
jHamjlomnlde.    C»«H«»N«0*    -  (C»H")«VK»  (Wurt*,  loc  <*.).— Obtained 

by  heating  ethylic  oxalate  with  smylamine.  It  solidifies  to  a  mass  of  sil^  needles, 
meltine  at  139^,  and  perfectly  Tolatile.  It  is  insoluble  in  water,  bnt  dissolyes  in  hot 
alooho^  £rom  which  it  separates  almost  wholly  on  eooling: 

VaplitlijrUaxuiiUtoSs    a.  I>iKAFHTKTi>Qxijai>B.    Oxantg^kalide.    C^'H^NK)' 
(C>«H»)«> 
.     (CK)*)'  Y^*  (Zinin,  Ann.  Gh.    Fharm.  criii.   22).--FR)dnoed,  together  with 

H«  ) 
caphthyl-fonnamide,  by  the  action  of  heat  on  nentral  or  acid  oxalate  of  naphthylamitie. 
/For  the  modeof  formation  and  preparation,  see  ii.  681.)  It  forms  small  scales  insoluble 
in  water,  sparingly  scdnble  in  boihng  alcohol,  melting  at  about  200^.  When  heated 
aboTO  its  melting  ^nt»  it  is  gradually  decomposed,  siying  ofiT  carbonic  oxide  and  leading 
dinaphthylcarbanude.  Whan  boiled  with  aieokolic  pota$k,  or  heated  with  very 
strong  aqueous  potash,  it  is  resolyed  into  naphthylamine  and  oxalio  add. 

/9.  CTANo-DixAPBTHixoxAiaDB.    Menophtkoximide,    CPH^'NH)'    m    ^^CN   '^ 

H. 
(Perk in,  Chem.  Soo.  Qn.  J.  ix.  8).  This  compound,  which  has  the  composition  of 
acid  oxalate  of  menaphthyhuninefntfiitt  2  at  water  (C*iH*'N*.C^H'0«  -  2HK)  » 
C^H'^NK)'),  is  deposited  ftom  an  alcoholic  solution  of  dicyanide  of  menaphthylamine 
(p.  24)  mixed  with  hydrochloric  add  and  left  at  rest^  in  small  yellow  spangles 
insoluble  in  water,  Tery  slightly  soluble  in  alcohol  and  ether.  It  melts  at  245^, 
and  decomposes  at  26<F,  emittmg  white  yapours  probably  containing  mnate  of 
naphth^L  Sy  aqueous  potash  and  hj  acids,  it  is  resolyed  into  oxalic  add  and  menaph- 
thylamme. 

»ienylP¥ainlrt<Wi       a.   JiiojroFHnvTL.ozA]iZDa    or    OxAHZLAicm]^    CH'N'O' 

(c«o«r) 

«      CH*  U7*(A.  W.  Hofmann,  Ann.  Ch.  Pharm.  Ixxiii.  181).— This  body  is 

H«  J 
found  among  the  products  of  the  decomposition  of  <nraniline  by  hydrochloric  acid.  To 
prepare  it^  a  solution  of  cyaniline  in  dilute  hydrochloric  add  is  eyaporated;  the  white 
.crystalline  mass  is  fireed  from  sal-ammoniac  and  hydrochlorate  of  anihne  by  digestion  in 
cold  water;  the  residue  well  boiled  with  water;  the  solution  eyaporated  to  dryness 
after  being  filtered  from  diphenyloxamide ;  and  the  residue  exhausted  by  boilins  with 
alcohoL  The  alcoholic  solution,  when  cooled  or  eyaporated,  deposits  the  mqpophenyl- 
oxamide^  which  may  be  purified  by  reciystallisation  from  hot  water.  The  compound 
is  not  obtained  by  treating  oxamethane  with  aniline. 

Phenyloxamide  forms  snow-white,  silky,  capillary  flakes,  which  sublime  in  the 
form  of  a  soft  powder.  It  is  soluble  in  alcohol  and  ether,  and  dystallises  frt)m  boiling 
water. 

Strong  sulphuric  acid  eliminates  carbonic  oxide  and  carbonic  acid  from  it,  and  leayes 
sulphate  of  ammonium  together  with  sulphanilic  add : 

2CTaPN«0«  +  8H«80*    «     2C0  +  2C0«  +  (C^H^«8«0«  +  (NH*)«SO*. 

The  originally  transparent  solution  in  strong  potash4ey,  ftvm  which  acids  throw 
down  the  phenyloxamide  unaltered,  becomes  gradually  douded  with  drops  of  aniline, 
the  more  quickly  as  it  is  stronger  and  warmer,  then  giyes  off  ammonia,  and  forms 
oxalate  of  potasdum : 

(?HWO»     +     2KH0      -     C«H'N     +     NH"     +     C»KH>*. 

(CH)*)") 


Ch.  Phya  [3]  xiy.  120;  xy.  88;— J.  Pharm.  [3]  ix  406;— Hofmann,  Ann.  Oh. 
Pharm.  Ixy.  66 ;  Ixxiii.  181 ;  baiy.  36). — This  compound  is  formed:  1.  Together  with 
phenyl-lbrmamide  by  heating  oxalate  of  aniline  to  between  160^  and  180® : 
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(C^'N)*.0»HK)*      «      C"ff«N«0«     +     2H*0. 
Oulato  of  aliiUMk  iMphaqrlonmkto. 

lowsycEH)*    »    CBrao   +   cmrs   +   co»  +   hh). 

amide. 

The  applieation  of  heat  miiBt  be  oontmned  tQl  the  erolntion  of  gu  ceases,  and  the 
Bolidifiea  mass  exhausted  with  alcohol,  which  dissolves  the  phenylformamide,  and 
leaves  the  diphenyloxamide.     (G-erhardt.) 

2.  Together  with  oxamide  and  monc^henylozamide^  in  the  decomposition  of  cyani- 
line  by  £late  hydrocUoric  or  snlphtirie  add : 

4CMff«N*     +     8HH)     +     8Ha    «    4NH*a     +     4Cra«NCl     +     C«H*NK)« 

CyuilUno.  Hydrochlorate  Oxamide. 

ofaaiUne. 

+     2C«H«N*0«     +     C»<ff«N«0» 
PbaaylozinUe*  Dipbanvl. 

oxamUe. 

The  solution  of  eyuuHne  in  eioess  of  dilute  hydiochloric  add  is  eivapomtod  over  the 
water-bath ;  the  dry  residue  treated  with  cold  water  to  remove  sai-ammoniae  and  hydro* 
dilorate  of  aniline,  then  with  boiling  water,  to  dissolve  oxamide  andmoaophen^ loxamide ; 
and  the  diphenyloxamide  which  remains  undissolved  is  purified  by  solution  inbensenci 
filtration,  and  evapohrtion,  and  by  washin|;  the  crystals  with  alcohol    (Hofmann.) 

iVoptfr^Mt.— Diphenyloxamide  crystallues  in  white  Bacreous  scales,  which  melt  at 
245^,  and  solidify  in  a  radiating  mass  on  cooling.  It  boils  at  820^,  giving  off  a  shaip 
vapour  like  that  of  benzoic  add,  and  distilling  for  the  most  part  without  decomposition, 
and  sublimes  at  a  ^ntle  heat  in  iridescent  lamins.  It  does  not  dissolve  in  water  or  in 
dilute  sulphuric  acid,  even  at  the  boiling  heat^  but  dissolves  in  slightly  heated  stronff 
milpkmne  oM;  sad  is  predpitated  therefrom  without  altAratioD  by  water.  It  is  in- 
soluble in  cold,  sparing^  sMiible  in  boiling  oJicfM^  more  soluble  in  hmunuM^  insoluble 
meth&t, 

JkofmipowtkmM, — I.  Diphenyloxamide  subjected  to  r^nd  dutiUaHim  yields  a  small 
quantify  of  oil  containing  a  trace  of  anilocyauic  add,  whidi  gives  it  a  poweifhl  odour. 
— 2.  Bromine  acts  vklently  upon  diphenyloxamide^  givinj;  olf  hydrobromie  add,  and 
fonninff  a  substance  whidi  dioolves  in  e&er  and  crystallises  therefrom  (Gerhardt). 
— 8.  Hot  nitrie  addgyren  off  red  vapours  (Gerhardt).  Aoueous  ckromio  acid  and 
other  dilute  adds  do  not  act  upon  it,  even  when  heated. — Tne  solution  of  diphenyl- 
oxamide in  warm  ot/  of  idtriot  effeereBceB  when  strongly  heated,  giving  off  carbonic 
oxide  and  carbonic  anhydride  in  equal  volumes ;  it  then  turns  slighUy  brown,  and,  on 
the  addition  of  a  small  quantity  ot  water,  depodts  a  larse  quantify  of  aniloeulphurio 
add  in  the  form  of  a  white  czystalline  powder  (Gerhardt) : 

C"H>«N«0«     +     2H«0«     -      (C*IPN)«*0«     +     CO     +     C0«    +    H*0. 

6.  Diphenyloxamide  distilled  with  phosphoric  anhydride  or  chloride  of  dhc,  gives  off 
carbonic  oxide  and  carbonic  anh^dnde,  and  is  almost  completely  carbonised ;  never- 
theless, especially  with  phosphonc  anhydride,  the  oil  which  smells  of  aniloi^anic  acid 

S asses  over,  tc^ther  with  sublimed  diphenylcarbamide,  in  larger  quantity  Uian  when  the 
iphenyloxamide  is  distilled  alone  (H  o  f  m  a  n  n). — 6.  Vapour  of  diphenyloxamide  passed 
over  red-hot  Ume  yields  a  body  whidi  may  be  regirdea  as  C'^H*N'  (Hofmann). — 

7.  Diphenyloxamide  heated  with  dry  lime  gives  (^aniUne,  and  becomes  partially  car- 
bonised, and  sometimes  heated  to  redness  (Gerhardt).  Anhydrous  hart/ta  eliminates 
scarcdy  anything  but  aniline  (H  o  f  m  a  n  n ).  DiDhenyloxamide  neated  with  potash^lime, 
hydrate  of  potaesium^  or  concentrated  (not  witn  dilute)  potash-ley^  is  resolved  into  a 
distillate  of  aniline  and  a  reddue  of  oxalate  of  potasuum.    (Gerhardt) 

(C*H»)«^ 


y,  CTAKO-DiFBB2fTi.oxA]cn>i   OT    KaLAiroxi]oa>B,    G^'H^NK)*     «>    ^^^^^ 


•N' 


H 

(Hofmann,  Chem.  8oc  Qu.  J.  ii.  807). — ^This  compound,  which  has  the  compodtion 
of  oxalate  of  mdaniline  Tninus  2  at  water,  is  formea  in  the  decompodtion  of  oicyano* 
melaniline  by  adds : 

C»*H»»N»     +     2HC1     +     2H»0       »      C"H"N»0«     +     2NH*CL 

To  prepare  it,  dicyanomelaniline  is  dissolved  in  moderately  strong  hydrochloric  add, 
and  the  gradually  predpitated  crystalline  powder  (or  slowly  crystallising  redn)  washed 
with  water.  It  is  a  pale  yellow  indistincuy  crystalline  powder,  insoluble  in  water  and 
in  aqueous  aeids,  sparingly  soluble  in  boiling  alcohol,  whence  it  crystallises  in  cmsts. 
In  aqueous  ammonia  or  potash  it  dissolves  at  first  without  decompodtion,  and  may  be 
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pracipitated  from  the  Bolution  by  acids;  afterwsrdB  decomposition  takes  place.  Its 
solution  in  weak  alcohol  fonns,  with  nitrate  of  sikfer,  especially  on  addition  of  a  small 
qnantity  of  ammonia,  a  light  yellow  amoiphoiis  piredpitate,  containing  from  25*4  to 
S8*67  and  80*6  per  oent^  (^  silrer. 

Deeon^^oniums.'^l,  Melanozimide  melts  when  keaUd,  giying  oiF  a  large  quantity  of 
carhonie  oxide,  together  with  a  small  qnantifr  of  carbonic  anhydride  (probably  reenlt- 
ing  from  a  secondary  decomposition),  flind  with  the  strong-smelling  yapour  of  anilocyanic 
aad,  about  10  per  cent  of  which  condenses  in  the  form  of  a  yellowish  liqnid ;  at  a 
stronger  heat»  the  melanoximide  ultimately  yields  diphenylcarbamide  sublimed  in 
radiating  crystals,  and  leares  a  pale  yeUow  tran^>arent  mass  of  resia.— 2.  Melanoadmide 
is  bnVslmhtly  decomposed  by  mlute  Mt^Aitrid  or  hydroefdorie  add  ;  but  when  dissolved 
in  alcohS  and  boiled  with  concentrated  hydrochloric  add,  it  i»  resolved  into  oxalic  acid, 
mdaniline,  and  needles  not  yet  AiUy  examined,  the  solution  at  the  same  time  acquir- 
ing a  deep  yellow  colour,  and  emitting  a  powerftd  odour  of  anilocyanic  acid. — 8.  Its 
alcoholic  solution  solidifies  in  contact  with  ammonia  or  potash,  either  of  which  takes  up 
a  laxge  quantity  of  ooolie  acid,  Ibrming  crystals  of  melaniline ;  and  a  similar  decom- 
position takes  place  gradually  in  its  solution  in  aqueous  ammonia  or  potash,  especially 
when  concentrated. 

L    Syn.  with  DnrAnrrHTLOXAmra  (p.  286). 

Syn.  with  PannxoxAJixDa  (p.  286). 

Syn.  with  PinnrELOZAiao  Acm  (p.  281), 

Syn.  with  PiFmoiTLozAiiins  (p.  286). 

OWNO  (R  Schmidt,  Chem.  Soo.  J.  zvii   104 WA  basa 
produced,  together  with  other  bodies,  by  the  action  of  heat  on  amido-salicyuc  acid: 

CTH'NO'    -    iynrso   +   co». 

To  obtain  it,  amido-salicylic  add  is  heated  with  pumice-stone,  and  the  resulting  sub- 
limate is  treated  with  alcohol  slightly  aoidulatad  with  acetic  add ;  ozaniline  then 
remains  in  the  form  of  a  white  inodoroiis  maM.  It  dinohes  in  hot  watsr  and  hot 
akohol,  and  separatee  on  cooling  in  slightly  coloured  crystals. 

The  aqueous  solution  turns  boeown  In  the  air,  and  depodts  a  brown  amorphous 
substanca  It  easily  reduces  the  solutions  of  the  noble  metals,  acquiring  at  the  same 
time  a  splendid  violet  colour,  whidi  is  also  imparted  to  it  by  nitric  add.  When  mixed 
with  an  alkaline  Uquid,  it  acquires  a  deep  indigo-blue  colour,  which  diaappean  on 
addition  of  an  add. 

Oxaniline  unites  readily  with  hydrochloric,  hydrobronuc,  hydriodic,  sn^huric  add, 
&C.,  forming  soluble  eiystallisable  salts.  The  solutions  decompose  in  oontaot  with  the 
air,  if  they  are  perfectly  neutral,  but  are  stable  when  add. 

OZAVTBSA.OXMB.    See  Fabakaphtkalbxh. 

OZATO&T&IO  ACaiK  C^«H>«0'.  (Moller  and  Strecker,  Ann.  Ch.  Pharm. 
exiii  66.) — An  add  produced,  together  with  methylio  alcohol,  by  boiling  yulpic  add 
with  potash-ley  of  spedfic  gravity  1*06  to  1*16 : 

CWH»«0»     +     3HK)      «      C'H'H)'     +     CH*0     +     2C0« 
Volpic  add.  Oxatolyllc  add.  Ifetbylle 


When  the  decomposition  is  complete,  which  may  be  known  by  the  change  of  colour  of 
the  predpitate  from  yellow  to  a  faint  dingy  tint,  the  oxatolylic  acid  may  be  predpitated 
by  hydrochloric  add.  It  crystallises  from  alcohol  in  colourless,  brittle,  rient  rhombic,  four- 
sided  prisms,  terminated  by  domes.  It  melts  at  164%  volatilises  wi^  decomposition  at  a 
higher  temperature,  is  sparingly  soluble  in  hot  water,  easily  in  alcohol  and  ether.  It  has 
a  strong  add  reaction,  and  forms  easily  soluble  salts  with  the  alkalis,  sparingly  soluble 
with  the  alkaline  earths.  The  banumsalt,  G*'H*^a''06.4H*0,  the  tavgrsalt,  Ci^H^^AgC, 
and  the  Uad-wlt,  C^^^Pb^O*  4H'0,  are  crystalline  predpitates ;  the  tth^lie  ether, 
C'*H'»(C"H*)0*,  prepared  by  saturating  the  alcoholic  solution  of  the  add  with  hydro- 
chloric add  and  heating,  or  more  easily  by  treating  the  silver-salt  witii  ethylic  iodide, 
forms  colourless  prismatic  eiystals,  which  melt  at  46*6^. 

OxatolyUe  ado,  boiled  -wih  potash-ley  of  spedfic  gravity  I'2  to  1*8,  is  resolved  into 
oxalic  aeid  and  hydride  of  "beoiji  (toluene),  C'H',  whidi  <£sti]s  over : 

Ci«Hi«0«     +     H«0      -      CPH»0*     +     2C'H». 

It diasolves  mfianing  niirie  ad<^ forming  ni  tro-oxatolylic  acid,  C'*H*(NO*)0', 
which  is  resolved  with  greater  facUity  by  boiling  potash  into  oxalic  add  and  hydride 
of  nitrobenzyli 
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^  OZarSTIto  This  name  is  applied  to  peroxide  of  ethyl,  CHH),  entering  into  com- 
bination as  a  monatomic  radicle.  (See  ErirruDra-BASBS,  ii.  693,  and  Pho8fhorij8-]ia8B8.) 

Lie  ben  (Ann.  Ch.  Phaim.  ezzxiii.  287),  by  treating  the  chlorinated  deriyatiTeB  of 
ethylic  oxide,  (C^*)*0,  with  ethylate  of  Bodinm  or  alcoholic  potash,  has  obtained  com- 
pounds consisting  of  ethylic  oxide  in  which  1  or  2  at.  hydrogen  is  replaced  by  oxethyL 

o.  OxMyl-chlorethylie  oxide,  nrn;4/rwmOu^' — '^^  oomponnd  is  obtained  bj 
treating  dichlorethylie  oxide  with  an  alcoholic  solution  of  sodium : 

^:gjO     +     mC^K)      -      ^!S.HK))l0     +     NaCL 

The  action  begins  at  common  temperatures,  but  requires  the  aid  of  a  gentle  heat 
to  complete  it  The  alcoholic  liquid  is  then  to  be  mixed  with  a  large  quantity  of  water 
to  dissolve  out  the  chloride  of  soaium,  and  the  oil  which  separates  washed  with  water. 
Alcoholic  potash  acte  in  a  similar  manner,  but  gives  rise  at  the  same  time  to  the  forma- 
tion of  a  considerable  quantity  of  resinous  producte. 

The  oil  obtained  as  above  consists  mainly  of  oxethyl-chlorethylic  oxide, 
which  is  heavier  than  water,  has  a  very  agreeable  refreshing  odour,  and  boils  at  159^. 
It  is  difficulty  however,  to  obtain  this  compound  pure,  as,  according  to  the  peater  or 
smaller  ouaniitT  of  sodium>ethylate  employed,  the  product  is  contaminated  either  with 
dioxethyl-ethyhc  oxide  (vid.  inf.)  or  with  dichlorethylie  oxide.  The  latter  ma^ 
be  removed  by  heating  the  oU  to  100^  with  aqueous  potash,  but  the  remaining  ofl  is 
still  conteminated  with  a  more  highly  chlorinated  product 

fi.  DioxethyUe  oxide,  nsHYOSHK){[^' — ^^'^^^  by  heating  dichlorethylie  oxide 

in  a  sealed  tube  for  some  hours  to  about  140^,  with  excess  of  alcoholic  potash  or 
sodinm-ethylate : 

The  product  is  washed  with  water  or  solution  of  chloride  of  caldum,  and  dried  over 
chloride  of  caldum.  When  thus  purified  it  is  lighter  than  water,  and  boils  at  about 
1680. 

7.    EthyUoxeikylie     oxide,    fy^C?Bw\^' — ^When     ethyl-cfalorethylic     oxide 

G'HKyl  ( ^'  ^^^  product  obtained  by  the  action  of  zinc-ethyl  on  dichlorethylie  ether* 

is  treated  with  sodium-ethylate  or  alcoholic  potash,  and  the  product  treated  with  water 
as  above,  an  oil  is  obtained  consisting  diiefly  of  ethyl-oxethylic  oxide,  together 
with  a  very  small  quantity  of  another  compound  boiling  at  70°.  The  prind^  re- 
action is  represented  by  the  equation : 

Ethyl-oxethylic  oxide  is  an  oil  of  ethereal  odour,  lighter  than  water,  and  boiling  at  148^. 
.  By  using  sodium-methylato  instead  of  sodium-ethylate,  and  zinc-methyl  instead  of 
zinc-ethyl,  a  whole  series  of  compounds  might  be  obtained,  homologous  with  those 
just  described    (Lieben.) 

OXBTH  K  J«ayB«^B A  BKB  ■     See  Efhtijenb-basbs  (ii  593). 

OSLB't'll  I  J«-TRI1ITH  f  Xp^BOSFHOWIUMU    See  PBoSFSOBUS-BASifl, 
OZBAVBSITBi    Syn.  with  Apofhtlutb  (l  357). 

^'^     See  OxTOBN. 


i 


oznnio, 
oxzvnxoAs: 


,  *[     Products  of  the  decomposition  of  indican  (iii.  247). 


OZOVZC  ACXD.  Syn.  with  Gltcoixic  Acid.  F.  Schulze  applied  this  name 
to  the  acid  obtained  by  the  action  of  nascent  hydrogen  on  pure  oxalic  acid,  supposing 
it  to  be  a  distinct  acid  (see  ii  910,  No.  8). 

OXUBXC  AOZB«  White  purpurie  add. — These  names  were  applied  by  Van - 
quelin  to  a  product  obteined  by  treating  uric  add  with  nitric  add,  and  neutralising 
with  .lime ;  it  appears,  however,  to  have  been  merely  a  mixture  of  alloxan  and  aUoxanie 
add.    (See  GmelifCe  Handbook,  x.  169.) 

liaCT ACSAA '1' HUTa  A  bitter  neutral  substance  obtained  by  Leroy  (Viertel- 
jahrsschr.  pr.  Phazm.  viii  575)  from  the  whitethorn  {Cratagtts  oxyacanthay 

L   C"H^«N«0»?  Vineline.  (Polex,  Arch.  Pharm.  vi  285.— 
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W acker,  Jahrefib.  1861,  p.  645). — An  alkiilmd  CTintfng,  togdher  with beiteriiw^  in  the 
root  of  BerberiM  fndgaris.  To  ertnct  it,  the  root  is  exhansted  with  aloohol,  a  little 
water  is  added  to  the  extract,  and  the  alcohol  is  distilled  o£  The  remaioing  liquid 
depoeita  a  resin,  which  mnst  be  separated  by  flltration,  and  the  filtrate  when  concen- 
trated deposits  crystali  of  berberine.  When  the  mother-liqnozs  no  longer  yield  this 
base,  thej  are  to  be  diluted  with  fonr  measoros  of  water  and  precipitated  bj  carbonate 
of  sodium,  the  precipitate  washed  with  cold  water  and  dissoWea  in  dilute  solphorie 
add,  the  solution  decolorised  with  animal  charcoal,  and  the  oz/acanthine  again  pre- 
e^tated  by  carbonate  of  sodium.     ^Polex.) 

Ozyaeantlune,  when  pure,  is  a  white  powder  ordinarily  with  a  yellowish  tinee.  It  maj 
be  obtained  in  the  crystalline  state  by  spontaneous  evaporation  of  its  alcoholic  solution 
mixed  with  a  qusntity  of  water  not  sufficient  to  render  it  turbid.  It  has  a  bitter  taste^ 
turns  brown  on  exposure  to  air  and  light,  melts  when  heated,  and  gives  off  water,  em- 
pyreumatic Tupours,  and  ammonia^  leaving  a  carbonaceous  residue  (Pol ex).  It  mdts 
at  139°,  and  deeomposes  at  a  higher  temperature  (W acker).  It  is  nearij  insoluble  in 
cold  water,  but  when  recently  precipitated  it  dissolves  in  a  small  quantity  of  boiling 
water.  It  is  soluble  in  alcohol,  ether,  and  oils  both  fixed  and  volatile :  its  solutions 
have  an  alkaline  reaction  (Pol ex).  According  to  Wacker,  it  dissolves  in  80  pts. 
of  edld  alcohol,  and  in  its  own  weight  of  boiling  alcohol  of  90  per  cent.;  in  125  pts, 
cold  and  4  pts.  warm  ether,  also  in  chloroform.  When  precipitated  by  ammonia  from 
its  salts,  it  dissolves  in  a  large  excess  of  ammonia,  much  more  eanly  in  caostie 
potash,  not  in  alkaline  carbonates. 

Ozyacanthine  is  decomposed  by  mineral  acids.  Nitric  acid  when  boiled  with  it  first 
resiniffes  it,  and  then  converts  it  into  oxalic  add  and  a  body  resemblins  berberine, 
which  is  predpitated  in  yellow  flocks  by  water  (Pol ex).  With  iodic  acid  and  a  small 
quantity  of  water,  it  separates  iodine,  assuming  a  yellow  or  brown  colour.    (W  acker.) 

Air-dried  osyacanthine  has,  according  to  Wacker,  the  composition  C^^^'IT'O^.HK). 

The  sah»  have  a  bitter  taste  (Pol  ex).  The  h^drocUoraU,  C'^^H)".2H(n.4HK>, 
o^stallises  in  nhite  nodules ;  so  likewise  the  nJphate,  and  the  less  soluble  nitrate^ 
which  contains  4  at.  water.  The  oxalate  crystallises  in  sparingly  soluble  needles ;  the 
acetate  is  unerystallisable.    (Wacker.) 

The  neutral  solution  of  the  acetate  gives  a  white  predintate  with  tinetnre  of  galls, 
nitrate  of  silver,  mereorie  diloride,  tartar-emetic,  and  stannous  chloride ;  brown-red 
with  iodine;  yellow  with  platinic  chloride  and  pierie  add :  it  is  not  predpitated  by 
mercurons  ni&ate^  ferric  cUoride,  neutral  or  bade  acetate  o£  lead,  copper^aUs  or 
gelatin.    (Polex.) 

OZTAVlBAinc  ACSB.    C*H*KO»     -     (G'HK»'*lQr— AhwidydeMsribedaa 

an  anisamie  acid  (i.  296). — ^The  rational  formula  just  given  represents  it  as  derived 

from  a  triatomie  snd  monobade  oxyanide  add,  CHH)*  »  (CH*0)'^>0'.  It  may 
also  be  n^garded  as  amido-anisic  acid,  C^H'(NH*)0'.  H       i 

IMnmo^iri— <«yan|Mmli>  A«ld,  or  Diagwinuamiiamaic  acid,  C>«H>'N*0«  - 
C>H<NK)'.C«H*NO*.  (P.  Griess,  Ann.  Ch.  Phsrm.  cxia  387;  exvii.  44;  Jahresb. 
1859,  p.  467;  1861,  p.  414). — An  add  produced  by  the  action  of  mtrooa  add  or  a 
nitrmis  ether  on  an  alcohoUc  solution  of  oxyanisamic  add : 

2C«H»N0*     +     NHO«      -       C'«H'»N«0«     +     2H*0. 

The  reaction  must  take  place  at  a  rather  low  temperatore,  and  all  excess  of  nitrons 
add  most  be  avoided. 

Diaiaoanis-OixyaniBamic  add  is  a  yellow  or  ^;reenish-yeIlow  amorphous  substance, 
analogous  in  its  properties  and  reactions  to  diasobenso-oxybenxamic  add  (p.  291). 
It  may  be  regarded  dther  as  formed  from  a  double  molecule  A  oxyaiusamie  add  by  the 
substitution  of  1  at.  nitrogen  for  3  at.  hydrogen,  and  represented  by  the  formula 
G'*(H>'N*^17K)*,  or  according  to  Griess,  as  a  componnd  of  diacoanidc  add  {ue. 
amsic  add,  C*HK)*,  in  which  2  atoms  of  hydrogen  are  replaced  by  2  atoms  of 
nitrogen),  with  amido-anisic  add  (t.  e.  anidc  acid  in  which  1  at.  nydrctten  is  replaced  by 
amidogen,  NH»),  that  is  as  (?fl«NK)».C«H'(NH«)0«. 

The  reactions  of  diaaoanis-oxyanisamic  add  are  simSar  to  those  of  diasbenso-- 
oo^bensamie  add.  With  hydrochloric  acid  it  gives  off  nitrogen  and  forms  hydro- 
ehlorate  of  oxyanisamic  acid,  which  remains  dissolved,  and  a  red  amorphous 
powder  C*'H?K)\  which,  when  purified,  exhibits  the  characters  of  an  add :     . 

2C«H'«NK)«    +    2HC1     +     H«0      -       2(C»H*N0».Ha)     +     C»«H'*0»    +    m 

Ethylic  diazoanis-oxyanisamate  {yid.  inf.)  behaves  with  hydrochhteife  add  in  a  similar 
manner.     Ohloranidc  add  is  never  formed  in  this  reaction;  ndther  is  bromanjfeic 
Vol.  IV.  U 
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acid  produced  by  the  action  of  liydzobioinic  acid  on  diaioania-oxyamsamic  acid. 
^c^ricM^ic  aci<2,  on  the  oontraiy,  fozmsiodanisic  acid  and  hydriodate  of  ozy- 
anisic  acid: 

C'«H»»N»0«     +     2HI      -      CH^IO*     +     C«BPNO«.HI     +     N«. 

The  iodanisic  acid  separates  as  a  reddish  ciystalline  mass,  and  when  purified  forms 
small  needles  easily  soluble  in  alcohol  and  ether,  nearly  insoluble  in  water.  The  hydio- 
chlorate  of  oxyanisamic  acid  which  remains  in  solntion,  may  be  obtained  in  stellate 
groups  of  laminse  and  needles. 

Diazoanis-ozjranisamio  add  suspended  in  boiling  alcohol  is  decomposed  by  nitrous 
acid,  with  erolution  of  nitrogen  and  formation  of  anisic  acid  and  acetic  aldehyde : 

C"H'»N»0«  +  HNO«  +  2C«H«0  ■=  2C«H«0«  +  2C«H«0  +  2H»0  +  N*. 
DiftsoanU-ozy-  Nitroat  Alcohol.  AnUloackL  Aldahyda 

anitamic  acid.  add. 

Alkalis  decompose  diazoanis-ozyaniBamic  add,  forming  ozyanisamic  add  and  the 
aboTe-mentioned  red  body  C"H"0*. 

The  diazoanis-oxyanisamates,  C"H"M«N»0«  or  C>«ff«M"N*0«  (according 
to  the  atomidty  of  the  metal),  are  very  unstable  in  solution,  but  when  dry  they  can 
bear  a  heat  above  160°  without  decomposition.  The  alkali-metal-salts  are  soluble  b^ 
water ;  the  rest  are  yellow  or  greenish-yellow  precipitates. 

The  ammonium-salt  forms  golden-yellow  luninte,  and  decomposes  rapidly  when  its 
aqueous  solution  is  boiled.  The  potassium-salt,  G'*H>"K*N'0«.2HK),  forms  golden- 
yellow  laminse  which  give  off  three-fourths  of  their  water  at  120°,  the  remainder  at 
about  160° ;  at  180°  the  salt  decomposes  with  slight  detonation.  The  sodtumsali, 
2C>*Hi*Na*N*0*.3HH),  crystallises  in  golden-yellow  six-sided  tablets.  The  moffnesiun^ 
salt  forms  greenish-yellow  crystals  sparingly  soluble  in  water. 

The  etlSrs  of  diazoanis-oxyanisamic  acid  are  prepcu%d  by  passing  nitrous  add 
Tapour  into  alcoholic  solutions  of  the  corresponding  oxyanisamic  ethers.  The  etkylio 
ether  is  easily  soluble  in  hot  alcohol,  whence  it  crystallises  on  ooolinffin  narrow  yellow- 
red  laminiB ;  it  is  likewise  soluble  in  ether,  but  insoluble  in  water.  The  methyliG  ether 
is  exactly  similar. 

OZVBBVZAMIO  AOZB.      CH^O*     »     (C7H«0f  >q-       Bmeamie    acid, 

Amidobeneoie  acid,  (Zinin,  J.  pr.  Chem.  xxxri.  108. — Chancel,  Compt  rend. xxriiL 
422.— Gerland,  Ann.  Ch.  Fharm.  Ixxxvi.  143;  xd.  186.— Voit^  tfttVf.  xdx.  100. >— 
This  add,  the  amic  add  of  oicybenzoic  add  C^HH)*,  was  formerly  called  Benramio 
acid;  but  the  denomination  is  improper  since  benzoic  add  is  monobasic  and  cannot 
form  an  amio  add  (L  165).  It  may  also  be  regarded  as  amidobenzoio  add 
C^*(NH")0',  that  is  as  benzoic  add  in  which  1  at  hydrogen  is  replaced  by  amidogen. 

It  is  metamerie  with  phenyl-earbamic  add,  (CO)"  >q. 

It  is  best  prepared  by  dissolvine  nitrobenzoic  add  in  aqueous  ammonia,  and 
saturating  the  boiung  solution  with  smphuretted  hydrogen,  air  being  exduded  as  far  as 
possible.  The  liquid  is  decanted  fiK>m  the  separated  sulphur,  and  neutralised  with 
acetic  add,  when  it  depodts  crystals  of  ox^benzamie  add,  which  are  purified  by  recrystal- 
lisation  from  water  (Gerland).  Schiff  (Ann.  Ch.  Pharm.  d.  94)  obtains  it  by 
digesting  nitrobenzoic  acid  with  iron-filings  and  acetic  add.  Chancel  obtains  it  by 
boiling  oxybenzodiamide  with  strong  potash  until  ammonia  ceases  to  escape,  and 
'  super-saturating  the  liquid  with  acetic  add.    The  following  are  the  reactions : 

C'H*NO*     +      8BPS      -       C'H'NO*      +     2H«0     +     S« 
NItrobensolc  acid.  Oxybeniamic  add. 

CH'NK)     +     KHO      =      CH^KNO*     +     NH» 
Ozybenaodiamlde.  PoCaatic  Ozybenumate. 

Oxybenzamic  add  forms  white  crystalline  nodules,  or  transparent  needles,  according 
as  its  aqueous  solution  is  eyaporated  rapidly  or  slowly.  It  has  a  sweetish-sour  taste, 
and  reddens  litmus  strongly  ;  is  sparingly  soluble  in  cold  toaier ;  readily  in  boiling 
water,  alcohol  or  ether.  Its  solution  decomposes  by  exposure  to  the  air,  and  yields  a 
brown  resinous  substance.  When  heated,  it  melts,  gives  off  irritating  vapours,  and 
leaves  an  abundant  reddue  of  carbon.  Heated  with  Mxm^  j)&itmtt»s  it  is  ^teeomposed 
into  aniline  and  carbonic  add.  ^  Heated  with  solia  potash,  it  gives  off  empyreu- 
matic  vapours  containing  ammonia^  but  no  aniline:  undw  the  same  circumstances 
phenylcarbamic  add  yields  aniline  abundantly.  Boiled  with  fuming  nitric  acid, 
It  is  converted  into  trinitrophenic  (picric)  add.  "When  nitrous  acid  fumes  are  passed 
into  its  aqueous  solution,  mtrogen  is  evolved,  and  a  red  amorphous  prmpitate  formed, 
which  redissolves  if  the  action  of  the  gas  is  prolonged :  the  solution  yiel(u  on  evapora- 
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tion  eryBtahi  of  oxybenzoic  add.  Nitrons  add  passed  into  an  alcoholic  solation  of 
oxybenzamie  add  Gonyerts  it  into  diazobenzoxjbenzamic  acid  (vid,  ir\f.);  but 
when  a  solution  of  oxjbenzamic  add  in  cold  a(|iieoas  or  alcoholic  nitric  add  is  exposed 
to  the  action  of  nitrons  add,  the  product  consists  of  nitrate  of  diazo benzoic  acid, 
C'H*N*0«.NHO«.     rGriess,p.  293.) 

Oxybenzamie  acid  is  converted  into  benzoic  add  by  boiling  with  water  and  peroxide 
of  manganese,  at  permanganate  of  potassium^  and  by  chlorine  (in  an  aqueous  solution). 
in  an  alcoholic  solution,  chlorine  produces  a  blade  remnous  substance,  insoluble  in 
water,  soluble  in  alcohol  with  violet  colour.  It  is  attacked  by  potassic  chromate  and 
suiphuric  add,  carbonic  anhydride  being  evolved. 

Me tallic  Oxybensamatee.  C'H'MO*. — These  salts  resemble  the  anthranilates 
very  closely.  The  alkaline  and  alkaUne-earthy  salts  are  readily  soluble  in  water  and 
alcohol,  and  crystallise  with  difficulty.  When  heated  with  potash  or  lime  they  evolve 
carbonic  anhydride,  aniline,  and  ammonia.  The  oopperscit  is  a  green  predpitate, 
insoluble  in  water  and  alcohol,  soluble  in  adds.  Tnere  are  three  lead^alts;  one, 
pulverulent  and  insoluble  in  water;  another  forming  sparingly  soluble  needles;  a 
third,  more  soluble,  forming  shining  laminse.  The  sUver'Salt  is  a  white  curdy  predpi- 
tate,  which  soon  becomes  crystalline ;  in  boUing  water  it  becomes  violet-brown,  but 
does  not  dissolve ;  it  is  decomposed  when  heated  above  100°. 

Oxy-beneamic  ethere.  (Chancel,  Compt  rend.  xxx.  761.) — ^The  only  two 
known  are  the  oxybengamaU  ofmet^l,  C'H«(CH«)NO«,  and  of  ethyl,  C'H«(C«H»)NO«. 
They  are  obtained  by  the  action  of  svdphide  of  ammonium  on  the  corresponding  nitro- 
benzoates;  on  the  addition  of  water,  they  separate  as  heavy  oily  liquids,  and  are 
purified  by  repeated  solution  in  alcohol  and  predpitation  by  water.  Potash  converts 
them  into  oxybenzamie  add  and  the  corresponding  alcohol ;  ammonia^  into  ozybenzo- 
diamide  and  the  corresponding  alcohol : 

C"H"NO«     +     NH»      -      CnaWK)     +     C5«HK). 
Oxybwwamate  etbyL  Oxybeniodlamtde. 

Like  pbenyl-earbamie  add,  orvbenzamie  add  combines  directly  with  adds.  The 
kydrochtorate  of  oxybenzamie  ado,  G^H'NO'.HCl,  separates  in  groups  of  needles,  when 
hydrochloric  add  is  added  to  the  liquid  obtained  by  treating  nitrobenzoic  add  with 
sulphide  of  ammonium  (Y  oit).  With  didiloride  of  platinum,  it  forms  a  yellow  ohioro- 
plaiinate,  2CrH*N0*.H'<Jl*J»t*'Cl*.  The  niiraU,  CTH'NO'.NO^  is  formed  when  oxy- 
benzamie  add  is  heated  with  nitric  add ;  the  add  dissolyes  quietly,  and  oiystals 
separate  out  on  cooling,  which  are  repeatedly  ciystallised  firom  water.  It  forms  thin 
laminsB,  permanent  in  the  air,  and  soluble  in  water  and  aloohoL  The  nUphate, 
2(CH^O*).SO*H',  is  formed  when  oxybenzamie  add  is  dissolved  in  strong  sulphuris 
acid.  Heat  is  evolved;  and  the  mixture  solidifies  on  cooling  into  a  mass  of  shining  crystals^ 
which  are  purified  by  reciystallisation  from  hot  water.  It  is  permanent  in  tlie  aur,  and 
has  an  intensely  sweet  taste.  It  is  partly  decomposed  by  hot  water,  sulphuric  and  oxyben- 
zamie acids  being  formed;  the  same  decomjpodtion  is  effected  by  potash,  by  the  carbo- 
nates of  barium  and  lead,  and  by  boiling  with  chloride  of  barium.    (Gerland) 

F.  T.  0. 

H 

ptTTsO 

AeetoxgrbenrnMiilo  Aeid,  C*H>NO>    -  (qth^OY' 

H       j 

Soc.  Qtl  J.  xiii  235). — ^This  add,  metameric  with  hippuric  add  (benzoxaoetamic  add, 
H      \ 

Q,  ii.  698 ;  iii.  156),  is  produced :  1.  By  headng  oxybenzamie  add  with 


Q     (G.  C.  Foster,  Chem. 


C'H*0 
(C*H*0) 

H 
acetic  acid  to  130° — 140°  in  a  sealed  tube : 

CTTNO*     +     C«H*0*      «      C»H*NO»     +     H«0. 

2.  By  the  action  of  chloride  of  acetyl  or  acetic  add  on  oxybenzamate  of  zinc : 

C'*H»»Zn'TT«0*     +     2C*H»0C1       -       20'H»NO«     +     Zn"CP. 

The  first  process  is  the  best.    The  product  is  dissolved  in  an  alkali,  precipitated  with 
hydrochloric  acid,  and  purified  by  recrystallisation,  with  aid  of  animal  charcoal 

Acetoxybenzamic  add  is  a  white  powder  consisting  of  microscopic  crystals,  nearly 
insoluble  in  cold  water  and  ether,  sparingly  soluble  in  boiling  water,  eadly  in  boiling 
alcohol,  like  hippuric  acid,  it  dissolyes  easily  in  ordinarv  phosphate  of  soditim,  forming 
an  acid  solution  tpom  which  it  is  precipitated  by  acetic  acid  and  by  mineral  adds.  With 
strong  sulphuric  acid  and  glacial  acetic  acid,  it  forms  coloiurless  solutions  which  are 
precipitated  by  water.    With  hydrochloric  and  nitric  acids  it  appears  to  form  solid  but 

u  2 


292  OXYBENZAMIC  ACID,    DERIVATIVES  OF. 

easily  decomposible  oomponnds.  It  sublimM  ftt  200^,  melts  between  220^  and  230^, 
and  begins  to  boil  at  260^.  It  is  not  decomposed  by  boiling  with  water  or  with  dilute 
acids,  but  when  heated  with  hydrochloric  or  dilute  mlphuric  acid  to  140^  in  a  sealed 
tube,  it  is  resolved  into  acetic  acid  and  (hvdrochlorate  or  solphate  of)  ozybensamio 
acid,  jnst  as  hippuric  acid  is  resoWed  under  similar  eircnmstanoes  into  benzoic  and 
oxjaoetamic  adid  or  gljcocine  (iii.  158) : 

C»H»NO»     +     H*0      =      C»H*0«     +     CrH^O«. 

When  treated  with  an  alcoholic  solution  of  hydrochloric  acid,  it  yields,  slowly  in  the 
cold,  more  quickly  at  100^,  ozybenzamate  and  acetate  of  ethyl,  together  with  the  free 
acids.  When  nitroua  acid  is  passed  into  a  boiling  solution  of  acetozybensamic  acid, 
or  when  a  mixture  of  the  latter  with  nitric  acid  is  treated  with  nitric  oxide  gas,  aao- 
compounds  are  produced,  but  no  acetoxybeusoic  add. 

Acetox^bensamates. — ^The  potassium'  and  sodium'Salts  are  easily  soluble  in 
water  and  in  alcohol,  insoluble  in  ether,  and  difficult  to  ciystallise.  The  sodmrn-sali 
dried  at  120®  has  the  composition  C»H«NaNO«.— The  barium-salt,  C'E'^Ba^NK)*  3H«0, 
is  also  easily  soluble  and  crystallises  in  slender  needles. — ^The  calcium'Salt, 
Ci"H^*Ca^*0*.3HK),  is  deposited  from  the  hot  solution  in  thin  rhombic  kmine.— The 
Uad'Salt  is  a  white  precipitate  which  melts  in  boiling  water  and  gradually  diseolTes. — 
Nitrate  of  silver  and  chloride  of  eino  do  not  precipitate  moderatd.y  strong  solutions  of 
acetoxy  benzamates. 

Mhylic  oxi/bensamate  appears  to  be  obtained  as  an  oily,  gradually  solidifying  com- 
pound by  heating  acetoxy benzamic  acid  with  alcohol  to  160®. 

H 


BenaosytoenMunio  4Leid,    C*«H"NO'     -      (!^^Y 


•Q*  Appears  to  be  pro- 


H 

duced  by  the  action  of  chloride  of  benzoyl  on  oxybenzamate  of  zinc.  The  product, 
which  is  insoluble  in  ether,  sparingly  soluble  in  water  and  in  alcohol,  and  resembles 
acetoxybenzamic  acid  in  taste  and  in  appearance  under  the  microscope,  is  probably  iden- 
tical with  the  fflyeoberumnie  add  which  Cahours  obtained  (Ann.  Gh.  Phaim.  ciii.  90) 
by  treating  oxybenzamate  of  silver  with  chloride  of  benzoyl.    (Foster.) 

IMABobense-ozybeikxaiiilo      or      Blamobenao-amldobenxoie      Aeid. 

C"H»»NW=C'H*N«0«.C^»NO«.  (P.  Griess,  Ann.  Cai.Pharm.  cxvii.  834:  cxvii.  1.) 
— ^This  add  is  a  product  of  the  action  of  nitrous  add  on  oxybenzamic  add : 

2CrH*N0«     +     NHO«      -      C"H"NO*     +     2BTO. 

It  may  be  regarded  either  as  a  double  or  conjugated  add  composed  of  a  molecule 
of  oxybenzamic  add  associated  with  a  molecule  of  benzoic  add  baring  2  atoms  of 
hydrogen  replaced  by  2  atoms  of  monatomic  nitrogen,  as  rei^resented  by  uie  preceding 
formuLi,  or  as  a  double  molecule  of  oxybenzamic  add  haring  3  atoms  of  hydrogen 
replaced  hy  1  atom  of  triatomio  nitrogen,  in  which  case  it  may  be  onlled  azo-dioxv- 
benzamic  acid,  and  represented  by  the  formula  C*XH"N'^]^H)^  The  former  is  the 
-view  adopted  by  Griess  for  this  add  and  its  homologues. 

It  is  prepared  by  passins  nitrous  add  vapour  into  an  alcoholic  solution  of  oxy- 
benzamic acid  externally  cooled  ^the  aqueous  solution  does  not  yield  a  pure  product), 
or  better  by  mSpdng  nitrite^  of  etnyl  (obtained  by  saturating  alcohol  in  the  cold  with 
nitrous  add)  with  alcoholic  oj^benzamic  add,  and  heating  the  mixture  to  about  30®. 
The  add  then  separates  in  microscopic  crystals,  which  may  be  purified  by  washing 
with  alcohol. 

Diazobenzo-oinrbenzamic  add  fonns  crystalline  granules  or  small  needles  of  a  fine 
oruige-yellow  colour.  It  has  ndther  taste  nor  smeS,  and  is  nearly  insoluble  in  waisr, 
tdcoMl,  ether,  sulphide  of  carbon,  and  chloroform.  It  dissolves  in  wmMTcd  acids,  especially 
with  aid  of  heat»  but  does  not  separate  therefrom  without  alteration.  It  dissolves  in 
potash  and  in  amTnonia,  and  is  predpitated  from  the  solution  by  adds,  even  by  acetic 
add.  It  may  be  dried  at  100®  without  decompodtion,  but  at  180®  it  explodes  and 
gives  off  gas  with  violence.  HydrocMoric  acid  at  a  gentle  heat^  converts  it  into 
chlorobenzoic  acid  and  hydrochlorate  of  oxybenzamic  acid,  with  evolution 
of  nitrogen : 

C»H^N»0«.C»H'NO«     +     2Ha       -      CH^CIO*     +     C*H^O«.Ha     +     N«. 

Bydrtodie  acid  acts  in  a  similar  manner,  producing  iodobenzoic  acid  C^^IO', 
and  hydriodate  of  oxvbenzamic  acid.  A  similar  action  appears  also  to  be  exerted  by 
hydrojhtoric  aeid,  hydrocyanic  acid,  and  the  bromide,  iodide,  &c.,  of  ethyl.  Bromine  in 
the  anhydrous  state  acts  with  great  violence  on  diazobenzo-oxybenzamic  acid,  nitrogen 
and  hydrobromic  add  being  given  off,  and  a  resinous  mixture  formed,  consisting  of 
several  brominated  adds^  If  bromine  be  added  to  the  add  suspended  in  water,  the  action 
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takes  place  more  quietly,  anda  product  is  obtained  from  which  bromobenzoic  acid, 
CTH'BrO',  and  tribromobenzoicacid,  C^H*Br*0'  (or  compounds  isomeric  therewith), 
may  be  separated.  Brominated  deriyatives  of  oxybenxoic  acid  and  of  ozybenzamic  acid 
are  probably  formed  at  the  same  time.  Chlorine  acts  like  bromine,  iodine  acts  less 
energetically,  the  dry  yapoors  not  attacking  the  acid  at  all;  but  when  iodine  is  added  to 
boiling  water  in  which  the  acid  is  suspended  io  doxy  benzoic  acid  is  formed,  together 
with  hydriodate  of  oxybenzamic  acid.  The  former  of  these  prodocts  is  nearly 
insoluble  in  water,  the  latter  easily  soluble: 

C"H"WO«     +     !•     +     H*0      -      CH«IO»     +     CH'NO'.HI     +     N*. 

Fuming  nitric  add  decomposes  diaaobenKHnrbenzamic  acid  with  yiolenoe,  and  sets 
it  on  ftre.  Ordinary  concentrated  nitric  acid  mssolyes  it  at  a  senile  heat,  forming  a 
reddish  liquid,  which  decomposes  at  a  higher  temperature,  with  yiolent  eyolution  of  red 
yapours ;  and  the  remaining  liquid,  when  eyaporated,  yields  among  other  products, 
czystak  of  trinitroxybenzoic  acid,  CH^NO'^'O'.  Nitrous  acid  passed  into 
boiling  water  in  which  diazobenzo-oxybenzamie  acid  is  suspended,  conyerts  it  into 
nitroxybensoie  acid,  CH*(NO')0\  with  eyolution  of  mtrogen.  Ptobably  oxy- 
benzoic  add  is  first  formed,  aoeoraing  to  the  equation : 

C»*H"N»0«     +     NHO«      -      2CH«0«     +     N*. 

But  if  the  diazobenzo-oxybensamic  acid  be  suspended  in  aieohol  preyiously  saturated 
with  nitrons  acid,  an  ad<£tional  quantity  of  nitrons  ^  then  pAssed  into  it,  and  the 
alcohol  afterwards  eyaporated,  a  red-brown  residue  is  obtained,  consisting  chiefly  of 
salylicacid.    The  reaction  appewn  to  take  place  as  follows : 

C»*H"N»0*  +  20«HH)  +  NHO«    -     2C'H«0»  +  20»H«0  +  2H«0  +  N«. 
Dfuobenao^xjbeD-     AlcoboL        Mltnnu  Saljlteacid.        Aldehyde, 

f  amic  add.  add. 

When  a  solution  of  diasobemBO-oxybenzamie  acid  in  aqueous  ammonia  is  eyaporated  tiU 
nitrogen  ceases  to  esci^te,  then  a  little  farther  concentrated  on  the  water-bath,  and  mixed 
with  hydzdchloric  acid,  a  red  amorphous  substance  sei)arates,  haying  apparently  the  com- 
position C'*H**0* ;  and  the  liquid  retains  oxybenzamic  add  combined  with  hydrochloric 
add: 

2C'*H"N»0«     +     H«0       -      CWH»»0»     +     2CH^0«     +     N«. 

Diazobenzo-oxybenzamates.  The  add  dissolyes  in  alkalis,  neutralising  them 
completely,  and  expels  carbonic  add  from  carbonates.  The  general  formula  of  its  salts 
is  C"H»M«N"0*,  or  C"H»M''NK)*,  according  to  the  atomidty  of  the  metal  The  diazo- 
benzo-oxybenzamates of  the  alkali-metAls  are  easily  soluble  in  wi^r,  stable  when  dry, 
but  decompose  easily  in  solution,  giying  off  nitrogen  gas.  With  solutions  of  the  earth- 
metalB  and  heayy  metals,  the  add  forms  insoluble  or  sparingly  soluble  precipitates. 

The  amTnonittm-^alty  C'H*(NH*)*NK)*,  forms  microscopic  needles.  The  potassium' 
salty  C'H*K'N*0\  is  best  prepared  by  dissolying  the  add  in  a  huge  excess  of  carbonate 
of  potasdum  heated  to  about  80^.  It  then  separates  on  cooling  in  extremely  small 
yellowish-white  needles,  which  exhibit  brilliant  iridescence  while  floating  in  the  mother- 
liquor.  It  dissolyes  readily  in  hot  water,  crystallising  therefrom  in  nodules ;  sparingly 
in  a  strong  solution  of  carbonate  of  potassium;  not  at  all  in  alcohol  or  ether.  After 
drying  in  the  air,  it  does  not  giye  off  any  thing  at  160^,  but  detonates  at  a  higher 
temperature.  The  sodium'Salt  closely  resembles  the  potassium-salt.  The  barium-salt, 
C'^H'Ba17'0\  is  obtained  by  mixing  the  solution  of  the  potassium-salt  with  nitrate  of 
barium,  as  a  yellowish-white  crystalline  precipitate,  nearly  insoluble  in  wat«r,  quite 
insoluble  in  alcohol  and  ether.  The  calcium^salt  is  yery  similar.  The  mtunesium^salt 
crystallises  in  yellow  needles  often  grouped  in  small  spheres,  readily  soluble  in  water. 
The  ferric  salt  is  a  yellow  predpitate.  The  gine-saU  is  yellowish,  amorphous,  insoluble 
in  water.  The  copper-saU  when  dry  is  a  greenish  amorphous  powder.  The  mercuric 
salt  is  a  yellow-green  predpitate.  The  silver-salt,  C**H'Ag*N*0^  obtained  by  treating 
a  neutral  solution  of  the  ammonium-salt  with  nitrate  of  sUyer,  is  a  greenish-yell»w 
gelatinous  predpitate,  yellow  when  dry,  insoluble  in  water,  alcohol,  and  ether,  per- 
manent at  100*'  C,  detonating  at  higher  temperatures. 

DiazobenzO'Oxybenzamic  ethers.  The  e^Ay^ta  compound,  C"H*(C*H*)*N*0^ 
is  obtained  by  passing  nitrous  add  eas  into  an  alcoholic  solution  of  ethylic  oxjbenzamate, 
and  separates  m  yellow  crystals,  which  quickly  increase,  and  cause  the  liquid  to  solidify, ' 
if  not  too  dilute.  By  washing  with  cold  alcohol,  and  reaystallisation  horn  boiling 
alcohol,  the  ether  is  obtained  in  golden-yellow  capillary  needles.  It  is  insoluble  in 
water,  moderately  soluble  in  boiling  alcohol  and  ether.  Melts  at  144^,  but  does  not 
solidify  again  till  it  has  been  kept  for  a  day  at  a  low  temperature.  When  strongly 
heat-ed,  itdecomposes  with  eyolution  of  nitrogen.  It  dissolves,  though  with  difficulty 
in  dilute  acids,  and  is  predpitated  by  ammonia. 
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The  methylic  ether,  C"H»(CH^'N»0*,  may  be  prepared  like  the  ethyl- compound,  or 
better  by  parsing  nitrous  add  into  an  ethez«al  solution  of  methylic  ozybenzamate.  It 
separates  in  crystalline  sphemles,  which  dissolve  with  moderate  &cility  in  warm 
alcohol,  and  separate  on  cooling  either  in  the  same  form  or  in  obtuse  lancet-shaped 
yellow  ciystalfl.  It  is  insoluble  in  water,  melts  at  160°,  and  exhibits  the  same  peculi- 
arity in  solidifying  as  the  ethyl-oomponnd,  which  it  likewise  resembles  in  other 
respects.     (Ghriess.) 

SlasobeiiBolo  AflM.    C^H^N^O*  «  ^^^'^[o.    (Griess,  Ann.  Ch.  Pharm. 

czE.  125). — ^This  acid  is  separated  by  aJkalis  from  its  compound  with  nitric  add,  as  a 
yellow  mass  which  quickly  decomposes.  It  unites  with  other  acids,  namely  with  nitric 
and  hydrochloric  aads,  and  with  ozybensamic  acid,  forming  the  acid  just  described. 

NUrato^iazobmzoie  acid,  C'H*N«0»  «  C'H*NH)« JJHO«,  is  produced  by  the  action 
of  nitrous  acid  on  a  cold  solution  of  ozybeniamic  add  in  aqueous  or  alooholie  nitric 
add.  It  separates  from  the  solution  in  white  prisms,  which  dissolre  sparing^ly  in 
cold  water,  and  explode  violently  when  heated.  Boiling  water  decomposes  it  quickly, 
with  evolution  of  nitrogen,  separation  of  nitric  add,  and  probably  with  formation  of 
ozybenaoic  add :  perhaps  thus, 

C'H*N«0*.NHO«     +     H*0       -      (THW     +     N«     +     NHO«. 

Ethylie  nitrato-diazobenzoate  is  obtained  by  the  action  of  nitrous  add  on  ethylie 
nitrato-oxybenzamate ;  its  aqueous  solution  mixed  with  auric  chloride  yields  a  gold-salt, 
C'H*(O'H*)N*0*  HCLAuCl*,  which  crystallises  from  alcohol  in  golden-yellow  prisms. 

The  platinum-salt  of  chlorhydrato-diazobenzoic  acid,  2C'H*N*0".2HCl.Pt*'Cl*,  is 
obtained  in  yellow  prisms  on  mixing  an  aqueous  solution  of  nitrato-diazobenzoic  add 
with  platinic  chloride.  When  treat^  with  sulphydric  add,  it  yields  sulphoxy ben- 
zoic acid,  probably  thus, 

2CrH<NK)«.2HClJ^a«     +     4H^S      -      2C'H«0«S     +     6Ha     +     PtS«. 

IMozTbeiumiile  Aflld.    C'H"N*0*  =  (G^H^OrVQ  .    (Voit,  Ann.  Gh.  Pharm. 

xcix.  106.)— This  acid,  which  may  be  regarded  as  a  diamie  add  derived  from  a  hypo- 

thetical  dioxybenzoic  add,  ^     -m  '  [0*,    or   else  as   diamido-benzoic  acid, 

C^HXNH')^)',  is  formed  by  the  reduction  of  dinitrobenzoicadd  by  sulphuretted  hydrogen 
or  ferroua  acetate.  A  hot  ammoniacal  solution  of  dinitrobenzoic  acid  is  saturated  with 
sulphuretted  hydrogen,  filtered,  evaporated  on  the  water-bath,  saturated  with  hydro- 
chloric add,  and  filtered  hot ;  and  the  crystala  of  hydrochlorate  which  separate  are 
converted  into  sulphate,  and  decomposed  by  baiytic  carbonate.  The  filtrate  on  evapor- 
ation f  first  over  a  water-bath,  finally  over  sulphuric  acid),  yields  small,  greenish,  pointed 
crystals  of  dioxybenzamic  add,  which  have  no  taste,  are  neutral  to  litmus,  and  soluble  in 
water,  alcohol,  or  ether ;  thev  melt  and  blacken  at  195°,  and  cannot  be  sublimed. 
Nitrous  fhmes  passed  into  its  hot  solution  from  a  red  resinous  mass. 

This  compound  is  no  add,  for  it  does  not  combine  with  bases ;  on  the  contrary,  it 
combines  with  several  acids,  forming  definite,  mostly  crystaUiaable  salts.  The  acetate, 
obtained  by  decomposing  the  sulphate  with  acetate  of  barium,  turns  brown  on  evapor- 
ation, and  finally  deposits  brownish  prismatic  crystals.  The  impure  hydrochlorats 
obtained  as  above,  is  purified  by  solution  in  water  and  addition  of  nydrochloric  add; 
the  pure  compound,  C^'N*0'.2HC1,  is  then  obtained  in  white  needles,  soluble 
in  water,  alcohol,  or  ether.  Its  solution  decomposes  in  the  air,  or  when  heated. 
It  does  not  precipitate  platinic  chloride,  but  the  mixture,  when  evaporated  over 
sulphuric  add,  yields  brown  crusts  of  the  ehloroplaUnate,  2C'H«N*0*.4HClPt*^a^ 
The  nitrate  and  oxalate  are  both  Grystalline  and  du-k-coloured ;  the  sulphate  may  be 
obtained  almost  colourless  by  recrystallisation  from  alcohol ;  it  is  less  soluble  in  alcohol 
than  in  water.  F  T.  C. 


rZOBIAXXBB.      C»H"N«0     -    (^I^^^Jn*,  or  Jmidobenzamide, 
C^«(NH«)0)  j^^    (Chancel,  Ann.  Ch.  Pharm.  Ixii  274.)— This  compound,  if 


isomene 


with  phenol-carbamide  or  aniline-urea  (i.  755),  is  obtained  by  the  action  of  sulphide 
of  ammomum  on  nitrobenzamide  in  aqueous  solution : 

CH'gOOOjjj    ^     ,H^      .      (°'|^)*jlP    +     2HK)     +     8-. 

It  separates  from  the  solution  in  crystals  containing  1  at  water  (C^H'N'O.HK)),  which 
it  gives  off  at  100° — 120°.  It  is  soluble  in  toater,  alcohol,  and  ether,  but  the  alcoholic 
Bo&tion  quickly  turns  red  and  appears  to  decompose.     Crystallised  oxybenzo  diamd 
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meltB  at  72^;  the  dehydnted  oompoimd  above  100^ ;  athi^ertemperatoreB  it  deoom- 
poBes,  leaying  a  carbonaceonB  rendne.  When  gently  heated  with  potaahMme,  it  is 
resolved  into  ammonia  and  oj^benzamate  of  potuainm: 

CH'NK)     +     KHO      -      NBP     +     CTB[«KNO« 

the  latter  being  ftirther  zeeolved,  at  a  higher  temperature,  into  aniline  and  potaseio 
carbonate: 

CrH«KNO«     +     KHO      -      CfH'N     +     K«CO«. 

Heated  with  sulphuric  acid,  it  is  resolved  into  carbonic  anhydride,  acid  sulphate  of 
ammonium,  and  phenyl-sulphamic  acid : 

C*H"!N«0     +     2H«S0«       -      C0«     +     ^*JsO*     +      (SO*)"!^ 

Ozybenxodiamide  unites  with  adds.  The  nitraU,  (TH'N'O  J^O",  forms  crystalline 
crusts  or  nodular  groups  of  prisms  sparin^y  soluble  in  water.  On  mixing  moderately 
dilute  solutions  of  ozybensodiamide  and  silver-nitrate  at  the  boiling  heat,  the  liquid  on 
cooling  deposits  the  compound  CH'N'O.NAgO'  in  needles  which  become  coloured 
when  exposed  to  light.  The  hydrocMorate,  C^H*N'0.HC1,  crystallises  from  aqueous 
solution  in  small  needles.  A  solution  of  oxybenzodiamide  in  boiling  water,  mixed  with 
excess  of  hydrochloric  acid,  and  then  withplatinic  chloride^  yields  long  orange-ooloiired 
prisms  of  the  platinum-salt,  2CH«N«0.H«Cl«.Pt»'Cl*.    (Chancel.) 

An  ethereal  solution  ofoiybenaodiamide  treated  with  nitrous  acid,  yields  white  emioeive 

C*H*N*0 ) 
needles  of  nitrate  of  diazobenaamide,       m      [KKHO*,  which,  when  treated 

with  hydrochloric  acid  and  platinic  chloride^  yields  the  salt  2G'H'!NH).HK;i'.Pt*^Cl^ 
(Griess,  Ann.  Ch.  Pharm.  cxx.  127.) 

OXTBavxoiO   AOZn.    CH^O*    -    (CrH'0)''lo*.      (Gerland,  Ann.  Ch. 

H      i 

Pharm.  xci.  185. — Griess,  ibid.  czviL  1;  Zeitschr.  Ch.  Pharm.  1862,  p.  97.) — ^An 
acid  metameric  with  salicylic  add,  obtained :  1.  By  the  prolonged  action  of  nitrous  acid 
on  oxybenzamic  acid  (^Gerland).  In  this  reaction,  which  yields  but  a  small  quantity 
of  oxybenzoic  acid,  diazobenzo-oxybenzamic  acid  is  first  formed,  and  afterwards  par- 
tially converted  into  oxybenzoic  acid  (Griess,  p.  292). — 2.  It  is  much  more  easily 
obtained  by  decomposing  nitrato-diazobenzoic  acid  with  boiling  water  (Griess) : 

C'H^NK^'.NHO'     +     HK)      -      C»H«0»     +     NHO»     +     N«. 

Oxybenzoic  is  a  colourless  or  yellowish  crystalline  powder,  sparingly  soluble  in  colduMz^ 
and  alcohol,  easily  soluble  in  the  same  liqmds  at  boiling  heat ;  the  solutions  are  strongly 
add.  It  melts  at  a  high  temperature,  and  distils  without  decomposition ;  vohitilisefl 
with  vapour  of  water  when  its  aqueous  solution  is  boiled,  and  condenses  in  shining 
needles.  It  is  permanent  in  the  air,  and  does  not  lose  weisht  at  100°.  When  quickly 
heated,  it  splits  up  (like  salicylic  add)  into  carbonic  anhycbide  and  phenylic  sacohol ; 
the  decomposition  takes  place  more  easilv  when  the  acid  is  heated  with  slaked  lime. 
It  is  distinsuished  from  salicylic  add  bv  the  fact  that  its  aqueous  solution  is  not 
coloured  violet  by  ferric  salts.     (Gerland.) 

Oxybenzoic  add  is  monobasic;  it  di^laoes  carbonic  add  and  neatnUses  alkalis.  The 
oxybenzoates  of  the  alkaU-metals  are  very  soluble  and  difficult  to  crystallise ;  those  of 
the  alkaline  eurth-metals  are  leas  soluble  and  crystalUse  in  needles;  the  rest  are  insoluble 
in  water  and  in  alcohol,  bat  soluble  in  acids.  Tha  lead-saU  contains  C'^H>*Pb"0*. 
(Gerland.) 

lodoxyhengoic  acid,  CKIQF, — ^Produced  by  the  action  of  iodine  on  diazobenzo- 
oxybenzamic  add  (p.  292).  It  usually  crystallises  in  long  narrow  colourless  laminie, 
which  sublime  at  a  gentle  heat,  but  are  decomposed  when  quickly  heated,  giving  off 
vapours  of  iodine.    (Griess,  loc.  ciL) 

NitroxybenMoic  acid,  C'H*NO*  ->  C'H*(NO*)0*,  is  formed  by  the  action  of  nitric 
add  of  specific  gravitv  1'36  at  ordinary  temperatures  on  oxybenzoic  add ;  with  stronger 
nitric  acid,  more  highly  nitrated  products  are  obtained  which  explode  violently  when 
heated  (Gerland).  The  mononitrated  add  is  also  produced  by  the  action  of  nitrous 
add  on  diazobenzo-oxybenzamic  add.    (Griesa) 

Nitroxybenzoic  add  dissolves  in  hot  water,  and  separates  on  evapontionin  fine  yellow 
crystals  belonging  to  the  riiombic  system.  It  has  a  bitter,  disagreeable  taate,  and 
imparts  a  yellow  colour  to  a  large  quantity  of  water.  It  is  stronjgly  add  and  displaces 
eaA)onic  add.    Sulphide  of  ammonium  decomposes  it,  with  predpitation  of  sulphur. 

Nitroxyberufoate  of  potassium^  C'H*K(NO')0',  is  sparingly  soluble  in  cold,  eadly 
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solnble  in  boilii|g  water,  and  ciystaUJBes  therefiK>m  in  beantifal  golden-vellow  ahining 
prisma^  resembling  picnte  of  potaadom.  It  explodes  slightly  when  heated.  (GerlandL) 

Trinitroxy  benzoic  acid,  CH«NK)«  «C^»(NO*)«0*,  is  produced  ly  the  action  of 
ordinazT  nitric  acid  at  a  gentle  heat  on  diazobenao-oxybenzamio  add.  It  crystallises 
in  nearly  white  rhombic  prisms,  which  have  an  intensely  bitter  taste,  dissolye  easily  in 
water,  sicohol,  and  ether,  forming  yellow  solutions,  mdt  when  heated,  and  detonate 
Tiolently  at  higher  temperatures.  The  acid  is  decomposed  by  sulphide  of  ammonium,  with 
separation  of  sulphur,  and  formation  of  a  new  compound. 

The  trinitroxybensoates,  0'HM*NH)*  or  CrSJirKK)*,  are  nearly  all  soluble  in 
water,  and  some  of  them  form  fine  cnrstals.  The  ammonium-^alt  contains  C'H(NH*)^H)'. 
2HK) ;  the  hariwmhMlt  and  the  mver-talt  are  anhydrous.    (Griess.) 

OZTBVTyxzO  AOIB.  This  name  is  sometimes  applied  to  Wurts's  butylactic 
acid,  C^HH)*  (L  6SS\  produced  by  the  action  <Xf  dilute  nitric  add  on  hydrate  of  amylene. 
Friedel  and  Macnuca,  however  (Ann.  Ch.  Pharm.  cxx.  279),  apply  it  to  an  add 
having  the  same  composition  as  butylactic  add,  but  differing  from  it  in  aome  respects, 
which  is  obtained  by  oxidising  dibromobutyric  add  with  silver-oxide.  It  forms  a 
rtno-^aU  containing  C'H'*Zn''0',  which  aystallises  in  radiate  nodules,  not  in  nacreous 
laminae,  like  the  butylactate.  The  add  separated  from  the  siao-salt  yields  on  evapor- 
ation a  syrup  which  aystallises  in  vacuo  or  over  oil  of  vitriol,  in  deliquescent  rosettes. 


Eolbe's   name  for   Wurta'a 
CWO  ) 
butyrolaetic  ether,  (C*H«0)''VO',  which  he  nprnaents  by  the  fozmula* 


C^HK).C«|c.j|^[jj^J[0K>^.O. 


OXTOAmaOXTUO  AOIB.  C>«H*>0«*.— An  add  produced  by  the  action  of 
chlorine  or  nitric  add  on  trihydiocarboxylio  add  (iiL  189).  It  erfstallises  in  hard, 
colourless,  rhombic  prisms,  insoluble  in  alcohol  or  ether,  sparingly  soluble  in  cold  water, 
easily  soluble  in  dilute  nitric  add.  When  heated  to  100^,  or  treated  with  warm  water 
or  with  bases,  it  becomes  brown-red,  and  is  converted,  with  evolution  of  gas,  into  dihy- 
drocarboxylic  add.    (Lerch,  Ann.  Ch.  Pharm.  cxxiv.  20.) 

Carhoxylic  acta,  C**H^O**,  is  known  onlj  in  its  salts,  which  are  formed  by 
oxidation  of  the  hydrogen  in  the  trihydro-,  dihydro-,  and  hydro-carboxylates.  The 
neutral  potastiwrnrMltf  C**KH)**,  is  black,  but  turns  red  when  exposed  to  the  air.  A 
green  oystflJline  potasnumrealt,  G'*JBGB1'0**,  the  corresponding  ammonium-salt, 
C>*H(NH>)K)>*,  and  a  red  add  potassiumsaU,  Ci*H'E*0^  have  likewise  been  obtained. 
These  salts  when  decomposed  by  addSi  yield,  not  carhoxylic  but  rhodiaonic  add, 
according  to  the  equation : 

C"H*0"     +     2H«0       -      2C»H*0«. 

Carboxyllc  Bhodlioaio 

acid.  add. 


0*HK)^ — An  add,  said  by  Schut£enberger(Aim. 
Ch.  Phys.  [8]  liv.  62)  to  eodst  in  cochineal,  together  with  carminic  add  (see  CAamm, 
L  804). 

OXVOK&OBXO  AOm.  Syn.  with  Pbbchlobio  Aoid*  (see  Chlqbqob,  Ozidm 
▲XD  OxTOBir-Aoios  or,  i  910). 

aXTOWLOmiBM«  Also  called  Basia  Chloridea.  Compounds  of  metallic 
chlorides  with  the  bsdo  oxides  of  the  same  metals ;  they  may  be  formulated  on  the 

type  ^mn  [  •     They  are  produced  by  imperfect  predpitation  of  a  metallic  chloride 

with  an  alkali,  «.  ^.  of  mercuric  chloride  by  lime-water ;  by  the  action  of  water  on 
metallic  chlorides,  as  in  the  predpitation  of  antimonious  cnloride  by  water ;  by  the 
partial  decompontion  of  chlorides  by  oxygen,  or  of  oxides  by  chlorine  at  high  tempera- 
tures. Several  oxydilorides  occur  as  natural  minerals,  having  been  Ibzmed  by  the 
action  of  air  and  water  on  chlorides  (see  the  several  Mbtaub). 

OXTOBl^SOCABBOVZO  AOSD.  Syn.  with  Chloudb  of  CAJmoMTL  or 
PKosoBxia  (i  774). 

OXTOXVOSOanora.  C**H*«N'Q^  (H.  Strecker,  Ann.  Ch.  Pharm.  cxxiii. 
879.) — ^A  base  isomeric  with  quinine,  obtained  by  the  action  of  potash  or  silver-oxide 
on  an  alcoholic  solution  of  dibromodnchonine  (i.  978^.  By  passing  carbonic  acid  gaa 
into  the  solution  after  prolonged  boiling  till  the  potasn  is  neutralised,  then  evaporating^ 

•H»l,    Cb6,    0->8. 
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treating  the  rebidne  first  with  water,  then  with  alcohol,  and  leaving  the  alcoholic  solu- 
tion to  cool,  oxycinchonine  is  obtained  in  colourless  crystalline  lamine,  easily  soluble 
in  acids.  The  solutions  are  not  fluoresceut,  and  do  not  become  green  on  addition  of 
chlorine-water  and  ammonia.  The  neutral  ndphate,  2C*H"N«0*  H-^O*,  crystalHseM 
well  The  chtoroplatituUe,  C~H««NH)«.H'Cl«.Pt>'Cl\  is  light  yellow,  sparingly  soluble  in 
hot  water,  insoluble  in  alcohol  and  ether.    The  di-acid  salts  do  not  crystalhse. 

OZTOOBA^nO  SA&TS.    See  Cobalt^basss,  Aicmokiaoai.  (i.  1066). 

OKTCnUKM^VXC  AOIB.    Syn.  with  Lbuconio  Acn>  (iii  584). 

OAIOUMIMAMIO  AOZD.     Ci'H'^NO'  -  (C^H'^O)"!.^    or  Amtdoeumhm 

acidj  G'*H'*(NH*)0*. — ^An  acid  derived  from  oxycuminic  add  in  the  same  manner  as  its 
homolofnieozYbensamicacid  is  derived  from  oxybenzoic  acid  (see  CuminicAcid,  ii.  179). 
J[}uuoeu7nin-<Ktycuminamicacid,  Ca«H"N"0*  =  C»»H»»NK)«.C'»H»«N()»,  is  obtained  by 
the  action  of  nitrons  acid  on  an  alcoholic  solution  of  oxycaminamic  acid  cooled  with  ice, 
carefully  avoiding  an  excess  of  nitrons  acid.  It  crystallises  in  yellow  microscopic  prisms 
or  laminae.  It  is  the  least  stable  of  all  the  compounds  of  the  series,  being  decomposed 
with  evolution  of  nitrogen  when  boiled  with  aloohoL  Its  reactions  are  precisely 
analogoas  to  those  of  diiusobenso-oxybenzamic  acid  (p.  291). 

C»H<H)'.    See  CuxDno  Aom  (ii.  179). 

:oraxvT&-mnbravmio    ACZB.     CH^r>SO«.— An  add 
produced  by  the  action  of  boiling  water  on  diAso-dibromophonyl-sulphnric  add  (see 

^EWKJlrBUVFKUaiG  Acm). 

I  AOTBi    Syn.  with  Paba-oxtbhnzaioo  Aam. 

tJfOMEDWMm    Flnorine-compoiuds  analogous  to  the  oxychloride^ 

Atomic  weight  16.    Symbol  O. — Synonymes :  Oxyghte,    Oxygeniwn, 
Saueratoff,  Vital  Air,  Purt  Air,  DephlogistigaUd  Air,  Feucrluft,  Amdifying  principle. 

Oxygen  is  the  most  abundant  of  all  the  elements.  It  forms  eight- ninths  of  water, 
nearly  one-fourth  of  the  air,  and  about  one-half  of  silica,  challc,  and  alumina,  the  three 
most  plentiful  constituents  of  the  earth's  surface.  With  a  few  exceptions  only,  of 
which  the  prindpal  are  rock-salt^  fluor-spar,  blende,  galena,  and  pyrites,  it  enters  into 
the  constitution  of  all  important  rocks  and  minerals.  Independently  of  its  existence 
in  the  water  of  the  tissues,  it  is  an  essential  constituent  of  all  living  organisms.  It  is 
absorbed  by  animals  during  respiration,  and  evolved  in  the  free  state  by  growing  vege- 
tables when  exposed  to  sunlight.  The  oxygen  of  the  atmosphero  is  mechanically 
mixed  with  the  nitrogen  and  other  constituents,  but  is  chemically  free  or  unoombined. 
Oxygen  gas  was  discovered  by  Priestley  in  1774,  and  a  year  later  by  Scheele  (see 
Gas,  ii.  773).  Its  name  is  derived  from  6^6,  acid,  and  ycv,  to  produce,  because  it  was 
formerly  regarded  as  essential  to  the  constitution  of  an  add.    (See  Acids,  i.  41.) 

Preparation. — 1.  Oxygen  gas  may  be  prepared  by  applying  a  ^;reater  orless  degree  of 
heat  to  various  oxidised  substances,  such,  for  instance,  as  the  oxides  of  meroury,  silver, 
gold,  and  platinum ;  the  peroxides  of  hydrogen,  barium,  lead  and  manganese ;  and  the 
chlorates,  nitrates,  bichromates,  &c.,  of  potassium  and  other  bases. 

a.  Oxide  of  mercury  is  interesting  as  being  the  substance  from  which  oxygen  was 
originally  obtained.  By  heating  it  in  a  flask,  it  breaks  up  into  mercury-vapour,  which 
may  be  condensed  in  a  receiver,  and  oxygen  gas,  which  may  be  collectcKl  over  water. 

/§.  Peroaide  of  manganeee  is  a  very  cheap  source  of  oxygen  when  large  quantities  are 
required.  The  substance  rtiould  be  heated  to  redness  in  an  iron  bottle,  whereby  oxygen 
gas  is  given  ofi^  and  a  lower  oxide  of  manganese  left  behind :  3MnO*  ■■  Mn'O^  +  O'''. 

y.  Chlorate  ofpotasnvim,  however,  constitutes  the  most  generally  available  source  of 
the  gas  for  preparation  on  the  laboratory  scale.  When  strongly  heated  in  a  flask 
of  hu^l  glass,  it  melts,  ffives  off  the  whole  of  its  oxygen,  and  leaves  a  residue  of  chlo- 
ride of  potassium:  fClO'  ^  KCl  +  O*.  The  temperature  required  to  effect 
this  decomposition  completely  is  so  high,  that  the  flaHk,  though  made  of  difficultly 
fusible  glass,  usually  becomes  softened,  and  yields  to  the  pre^fture  of  the  gas,  which  at 
last  forces  an  opening  through  its  side  or  bottom.  It  is  found  that  the  chlorate  gives  off* 
its  oxygen  at  a  much  lower  temperature  when  mixed  with  about  one-eiglith  of  its  weight 
of  some  metallic  oxide,  such  as  that  of  copper,  or  iron,  or  manganese.  Under  these 
circumstances,  the  salt  does  not  fuse;  but  the  resulting  gas  is  less  pure  than  when  the 
unmixed  chlorate  is  employed. 

8.  A  concentrated  aqueous  solution  of  hypochlorite  of  calcium  (bleaching  powder), 
gently  heated  with  a  small  quantity  of  peroxide  of  cobalt,  is  completely  resolved  into 
chloride  of  caldum  and  oxygen.  The  gas  is  evolved  with  great  ease  and  regularity,  so 
that  the  method  is  well  adapted  for  the  preparation  of  large  qauutities.     The  same 
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quantity  of  cobalt-peroxide  (about  ^  to  ^  of  the  weight  of  the  bleadiing  powder)  may  be 
repeatedly  used  for  the  purpose,  as  it  aoes  not  undergo  any  permanent  change,  but 
appears  to  act  merely  as  a  carrier  of  oxygen,  first  taking  it  from  the  hYpochlonte  and 
passing  to  a  higher  state  of  oxidation,  and  then  giving  it  up  again.  The  special  pre- 
paration of  the  cobalt-peroxide  may  even  be  dispensed  with  altogether,  a  few  drops 
of  any  oobalt-solution  being  simply  added  to  the  solution  of  bleadiing  powder  at  the 
commencement  of  the  process ;  the  cobalt  is  then  immediately  convert^  into  peroxide 
by  the  oxidising  action  of  the  h^rpochlorite.  It  ib  necessary  to  use  a  dear  solution  of 
bleaching  powder,  as  if  milky  it  is  apt  to  froth  considerably.  (Fleitm  ann,  Ann.  Gh. 
Pharm.  cxxxiv.  64.) 

e.  Peroxide  of  barium,  when  strongly  heated,  gives  up  one-half  its  oxy^  to  pro- 
duce baryta:  BaO'  «>  BaO  -i-  O.  By  passing  a  current  of  moist  air  oyer  the 
less  heated  baryta,  it  absorbs  oxygen  and  re-produces  the  peroxide,  which  a  stronger  heat 
again  decomposes ;  so  that,  by  repetitions  of  the  process,  a  small  quantity  of  the  peroxide 
can,  as  was  shown  by  Boussingault  (Chem.  Soc.  Qu.  J.  y.  269),  f^unish  an  indefi- 
nitdy  large  quantity  of  oxygen.  A  patent  for  the  preparation  of  oxygen  in  this  man- 
ner and  its  application  in  variouB  chemical  operations,  has  been  taken  out  by  Messrs. 
Swindells  and  Nicholson  (Chem.  Gaz.  1855,  p.  139). 

C  Deyille  and  Debray  (Compt.  rend,  li  822;  Ann.  Ch.  Pharm.  cxvii.  295) 
recommend  for  the  preparation  of  oxygen  on  the  large  scale : — 1.  The  ignition  of  slqc- 
Bulphate,  which  at  a  temperature  not  higher  than  that  required  for  the  decomposition 
of  peroxide  of  manganese^  gives  off  a  mixture  of  sulphurous  add  and  oxygen. — 2.  The 
decomposition  of  siUphuric  add,  which,  when  passed  in  the  state  of  vapour  over  red- 
hot  platinum-foil  or  platinum  sponge,  is  resolved  into  sulphurous  acid  and  oxygen.  By 
passing  the  gaseous  mixture  obtained  by  either  of  these  processes  through  water  or  an 
alkaline  solution,  the  sulphurous  add  is  absorbed,  and  the  oxygen  set  free.  The 
aqueous  sulphurous  add  thus  obtained  may  be  utilised  in  the  mani&cture  of  sulphuric 
acid.  The  decompodtion  of  sulphuric  add  in  this  way  is  recommended  by  Deville 
and  Debray,  also  b^  De  Luca  (Compt.  rend.  liii.  156),  as  the  cheapest  of  all  methods 
of  obtaining  o^gen  in  laige  quantities. 

7t.  Another  m^od  which  has  been  proposed  fbr  obtaining  oxygen  on  the  manufac- 
turing scale  is  the  ignition  of  a  mixture  of  nitrate  of  sodium  and  oxide  of  zinc.  (See 
an  examination  of  this  process  by  J.  H.  Pepper,  Chem.  News,  vi  218.) 

2.  Oxygen  may  also  be  preparod  by  the  action  of  sulphuric  add,  at  a  moderate  tem- 
perature, upon  certain  highly  oxidised  compounds,  such  as  the  peroxides  of  lead  and 
manganese,  the  bichromate  and  permanganate  of  potassium,  &c  These  reactions  are 
sddom  employed  for  the  purpose  of  obtaining  fr«e  oxygen  ^,  but  are  extremely  con- 
venient as  means  for  affording  oxygen  to  various  other  bodies,  or,  in  other  words,  for 
oxidising  them.  Thus  hydrochloric  add  HCl,  when  treated  with  sulphuric  add  and 
permanganate  of  potasdum,  becomes  hn)ochlorous  add  HCIO.  Alcohol  CH*0,  when 
treated  with  sulphuric  add  and  peroxide  of  manganese,  yields  aldehyde  CH^O,  and 
water  HK).  Cmninic  acid  C**H'^0',  treated  with  sulphuric  acid  and  acid  chromate  of 
potasdum,  yields  insolinic  add  CH"0,  together  with  carbonic  anhydride  CO'  and 
two  atoms  of  water  2H'0.  The  reactions,  so  far  as  regards  the  evolution  of  oxygen, 
are  as  follows : 

H«SO*     +         MnO*      -  MnSO*  +       HK)     +     O 

2BPS0*     +      KMnO*      »  K]!^(SO«)«       +     2H«0     +     0« 

4H'«0«     +     K«CiK)'      -        2{K(S<S0*)*}     +     4H«0     +     0» 

3.  Oxygen  may  be  obtained  bj^  the  electrolysis  of  water,  being  liberated  at  the 
podtive  pole.     (See  Eubctbicitt,  ii.  432.) 

4.  When  fresh  mint,  or  parsley,  or  other  active  leafy  plant,  is  immersed  in  carbonic 
add  water  and  exposed  to  sunlight,  oxygen  is  liberated  from  the  leaves  in  considerable 
quantities.  The  experiment  is  best  conducted  in  a  tall  inverted  cylinder,  so  that  the 
oxygen  gas  may  collect  in  its  upper  part)  by  displacement  of  the  carbonic  add  water 
which  should  originally  fill  the  vessel. 

5.  There  are  numerous  other  reactions  which  serve  to  liberate  oxygen,  but  they  are 
not  employed  as  means  for  the  preparation  of  the  gas.  Some  of  them,  however,  are 
very  interesting.  Thus  when  oxide  of  silver  reacts  with  peroxide  of  hydrogen,  there 
are  produced  wat^r,  metallic  silver,  and  oxygen : 

H«0«     4-    Ag«0      =      H«0     +     Ag«     +     0«. 

Properties. — Oxygen  is  colourless,  tasteless,  and  inodorous.  It  is  the  least  refractiye 
of  all  the  gases.  It  has  redsted  every  attempt  to  effect  its  liquefaction.  It  is  the  most 
magnetic  of  all  gases  (see  Magnbtism,  iii.  773).  It  is  heavier  than  atmospheric  air 
in  the  proportion  of  1*1056  to  I'OOOO.      It  is  very  sparingly  soluble  in  water,  100  vol- 
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umAB  of  which  at  ordinary  temperatnreB  can  only  retain  about  3  volumeeof  the  gas.  (See 
Gases,  Absorftion  of,  li,  797.)  Nearly  all  natural  waters  contain  dissolved  oxy- 
gen, and  can  only  be  fireed  therefrom  by  prolonged  ebullition  in  vacuo.  The  chemical 
reactions  of  atmospheric  air  depend  principally  upon  the  oxygen  which  it  contains ; 
the  air  being,  in  its  chemical  relations,  merely  oxygen  gas  mixed,  or  diluted,  with  about 
four  times  its  volume  of  nitrogen. 

O^gen  in  the  free  state,  whether  or  not  diluted  with  nitrogen,  manifests  considerable 
chemical  activity,  even  at  ordinary  temperatures.  With  the  single  exception  of  fluorine,  it 
has  been  made,  directly  or  indirectly,  to  unite  with  every  known  element.  Some  reactions 
of  oxygen  are  interesting  from  their  employment  as  means  for  detecting  the  presence  of 
the  gas,  or  effecting  its  removal.  Thus  an  alkaline  solution  of  white  indigo  absorbs  oxygen 
rapidly,  at  the  same  tin^e  becoming  blue.  An  alkaline  solution  oi^pyrogaUaU  absorbs 
oxygen,  forming  an  opaque  black  liquid.  Nitric  oxide  gaa,  which  is  perfectly  colourless, 
unites  with  oxygen  to  form  deep  orange-red  vapours.  Photphortts  slowly  absorbs  oxy- 
gen, as  do  also  moist  iron-toiref  moist  Uad-tuminae,  moist  aaw-dustt  and  many  metallic 
compounds,  such,  for  instance,  as  ammonio-subchloride  of  copper,  or  chloride  of  cupros- 
ammonium,  the  protohydrates  of  iron  and  manganese^  the  white  double  ^anide  of 
potassium  and  iron,  &c 

The  m^ority  of  the  metals,  when  in  the  massive  state,  remain  perfectly  bright  and 
unacted  upon  in  dry  ox^-gen  or  air ;  but  in  moist  oxygen  or  air,  many  of  them  become 
slowly  oxidised.  The  coating  of  oxide  first  formed  frequently  protects  the  metal  fr^m 
more  than  a  superficial  oxidation,  as  is  notably  the  case  with  lead.  Some  of  the 
ordinarily  permanent  metals,  when  in  a  veipr  finely  divided  state,  for  instance  lead  as 
obtained  by  the  ignition  of  its  tartrate,  and  iron  as  produced  by  the  ignition  of  Prussian 
blue,  undergo  so  violent  an  oxidation,  that  spontaneous  combustion  results  from  their 
mere  exposure  to  air  or  oxygen.  Hence  they  are  termed  pyrophori.  Various  other 
bodies^  which  expose  a  large  surface  to  the  action  of  air  or  oxygen,  become  graduaUy 
heated  through  slow  oxidation,  and  finally  undergo  spontaneous  combustion.  Greasy 
tow  and  woollen  r^se  aire  peculiarly  liable  to  this  action. 

Many  substances,  when  heated  to  redness,  unite  with  oxygen,  and  thereby  give  rise 
to  the  phenomena  of  combustion  or  burning.  The  combustions  of  phosphorus,  charcoal, 
sulphur,  iron,  adnc,  and  naphthalene,  in  undiluted  oxygen,  constitute  very  bnlliant  ex- 
periments. In  each  case  the  results  are  oxidised  compounds  of  the  substance  burned. 
The  weight  of  oxidised  products  corresponds  exactly  with  the  weight  of  the  body  burned, 
plus  the  weight  of  the  oxygen  consumed.  When  an  ordinary  combustible  body,  such 
as  wood,  paper,  or  wax  candle,  is  inflamed  in  air  and  then  immersed  in  a  vessel  of 
oxygen,  the  combustion  proceeds  with  greatly  increased  intensity.  If  the  flame  of  the 
wo<^  paper,  or  wax  candle  be  extinguuhed,  and  any  portion  of  the  substance  be  left 
in  a  glowing  state,  it  will,  when  immersed  in  oxyeen,  immediately  burst  into  flame. 
This  is  a  very  characteristic  property  of  undiluted,  or  but  slightly  diluted,  oxygen, 
which  it  shares  only  with  nitrous  oxide  gas.  A  jet  of  hydrogen  gas  bums  in  oxygen 
as  in  air,  but  more  rapidly.  Of  course  the  two  gases  can  only  unite  where  they  are  in 
contact  with  one  another,  that  is  immediately  around  the  jet  of  hydrogen.  Hence  for- 
merly the  hydrogen  was  said  to  bum,  and  the  oxygen  merely  to  support  combustion. 
But  if  a  jet  Qf  oxygen  be  introduced  into  a  vessel  of  hydrogen,  the  name  will  proceed 
from  the  oxygen  and  the  hydrogen  become  the  supporter  of  combustion.  For  this 
purpose  the  hydrogen,  contained  in  a  somewhat  narrow-mouthed  inverted  jar,  should 
be  ignited  at  the  mouth  of  the  jar.  Then  the  jet  of  oxygen,  in  passing  through  the 
flame^  will  itself  become  ignited  and  bum  in  the  interior  of  the  jar.  In  like  manner, 
oxygen  may  be  made  to  burn  in  ammonia-gas,  by  introducing  it  through  a  bent  tube 
into  a  wide-mouthed  flask  in  which  strong  aqueous  ammonia  is  kept  in  a  state  of  gentle 
ebullition,  and  applying  a  lighted  taper  to  the  end  of  the  tube.  (Heintz^  Ann.  Ch. 
Pharm.  cxxx.  102.) 

Bespecting  the  evolution  of  light  and  heat  in  oxidation,  the  conditions  of  inflamma- 
bility, the  nature  of  flame,  &c.,  see  Combustion  (L  1089).  Bespecting  the  quantities 
of  heat  evolved  in  the  oxidation  of  various  bodies,  see  Hjsat  (iii.  102). 

Oxygen  is  capable  of  replacing,  directly  or  indirectly,  hydrogen,  chlorine,  bromine, 
iodine,  &c,  one  atom  of  oxygen  always  taking  the  place  of  two  atoms  of  each  of  those 
elements ;  thus  in  the  conversion  of  idcohol  into  acetic  acid  by  direct  oxidation,  and  of 
pentachloride  of  phosphorus  into  the  oxychloride  by  the  action  of  water,  we  have: 

C«H^O»      «       C«H«0     +     0     -     H» 

pci'o      -    PCI*      +   o   -   a«. 

AotlTe  Ozj'g'eii  or  Oaone — Under  certain  circumstances,  oxygen  gas  acquires 
a  greatly  increased  chemical  activity,  together  with  a  peculiar  smell.  In  this  state  it 
constitutes  ozone  {6(^1"),  and  has  the  characteristic  property  of  decomposing  iodide  of 
potassium,  with  liberation  of  iodine.     Oxygen  gas  through  which  electric  sparks  have 
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been  passed,  that  in  which  phosphorus,  ether,  turpentine,  and  some  other  substances 
hare  been  slowly  oxidising,  and  that  produced  by  the  electrolysis  of  an  acid  liquid, 
alike  react  with  iodide  of  potassium  as  above  described.  According  to  Andrews, 
the  ozone  produced  by  these  three  processes  is  the  same,  and  consists  solely  of  oxygen 
in  an  allotropic  state.  According  to  Williamson  and  Baumert^  the  ozone  pro- 
duced by  electrolysis  is  a  trioxide  of  hydrogen  K*0',  as  is  probably  also  that  produced 
by  the  oxidation  of  phosphorus.  With  regard  to  the  ozone  produced  by  electrical 
discharges,  they  admit  that  perfectly  dry  oxygen  is  capable  of  being  modified  by  such 
discharges,  but  consider  that  the  peculiar  properties  of  ozone  are  not  manifested  until 
the  action  of  moisture  upon  the  modified  oxygen  has  resulted  in  the  formation  of 
trioxide  of  hydrogen.  The  recent  conjoint  experiments  of  Andrews  and  Tait,  how- 
ever, and  likewise  those  of  v.  Bab o,  seem  to  have  established  the  correctness  of  the 
former  view. 

More  than  half  a  century  after  Van  Marum's  original  observation,  that  oxygen 
through  which  electric  sparks  had  been  passed  acquired  a  peculiar  smell  and  the  power 
of  attacking  mercury,  Schonbein,  in  1840  (I*ogg.  Ann.  L  616),  published  his  first 
paper  on  ozone.  He  showed  that  in  the  electrolysis  of  acidulated  water,  an  odorous 
gas  was  produced  at  the  positive  pole,  which  might  be  preserved  for  a  loxis  time  in 
well  dosed  vessels.  He  also  observed  the  same  piquet  to  result  ficom  the  mschar^es 
in  air  of  a  common  electrical  machine,  and  recognised  the  identity  of  the  smell  with 
that  accompanying  a  flash  of  lif htnine.  Soon  after  he  noticed  the  production  of  ozone 
by  the  slow  oxidation  of  phosphorus  in  moist  air  or  oxygen.  Mari^nae  and  De  la 
Rive  then  showed  that  ozone  might  be  obtained  bv  passing  electric  sparks  through 
perfectly  dbry  oxygen,  a  result  confirmed  by  F  r  ^  m  y  and  Becquerel  (Ann.  Ch.  Phys.  [3] 
XXXV.  62;  Chem.  Soc  Qu.  J.  v.  272),  and  subsequently  by  Andrews  (Chem.  Sbc 
Qu.  J.  ix.  168).  But  they  found,  on  liie  other  hand,  that  dry  air  or  oxygen  did  not 
become  ozonised  by  transmission  over  dry  phosphorus.  Frimy  and  Secquerel 
ascertained  that  pure  oxygen  gas,  standing  over  a  solution  of  iodide  of  potassium, 
might  be  completely  absorbed  by  the  passage  of  electric  sparks  through  it  Dry 
oxygen,  however,  as  shown  by  Andrews,  can  be  only  partially  ozonised  by  electric 
discharges,  unless,  indeed,  tne  ozone  be  absorbed  as  £ist  as  it  is  produced. 
Houzeau  (Chem.  Soc  J.  viiL  237)  noticed  the  ozonic  character  of  oxygen  set  free 
by  the  action  of  sulphuric  add  upon  peroxide  of  barium.  According  to  Be  Luc a»  the 
oxygen  evolved  by  the  action  of  light  upon  plants  is  also  ozonic.  Schonbein,  and 
also  Phipson  (Chem.  News.  viii.  103),  have  observed  that  air  in  contact  with  the 
juice  of  fungi  becomes  ozonisea ;  the  latter  also  finds  that  ozone  is  produced  when  fresh 
slices  of  apple  are  exposed  to  the  air,  and  is  of  opinion  that  the  processes  of  fermentation, 
putrefaction,  and  decay,  are  likewise  attended  with  ozonisation  of  the  air. 

Ozone  is  best  prepared  by  one  or  other  of  the  following  processes,  a.  Ozonised  air 
or  oxygen  may  be  obtained  by  pladng  one  or  two  sticks  of  clean  moist  phosphorus 
in  a  bottle  of  air  or  oxygen,  when,  after  an  hour  or  so,  the  smell  of  ozone  will  be  very 
obvious.  The  sticks  of  phosphorus  should  then  be  taken  out,  and  the  gas  washed 
with  water  to  remove  the  phosphorous  add.  If  the  phosphorus  be  allowed  to  remain 
in  the  bottle  for  several  hours,  the  ozone  gradually  disappears.  Or,  a  current  of  moist 
air  may  be  slowly  foroed  through  a  succession  of  large  Wolfe's  bottles,  containing 
each  a  few  sticks  of  dean  phosphorus,  and  finally  through  a  U-tube  containing  watej 
or  dilute  alkali.  The  junctions  should  be  as  few  as  possible,  and  should  be  efiected 
with  sound  corks,  or  preferably  by  grinding.  Ozone  may  be  at  once  produced  by 
plunging  a  heated  glass  rod  into  a  mixture  of  air  and  ether-vapour. 

fi.  By  electrolysis  of  water  acidulated  with  sulphuric  add.  According  to  Andrews, 
a  mixture  of  one  volume  of  sulphuric  acid  with  three  volumes  of  water  is  most  pro- 
ductive; while  Baumert  recommends  the  electrolyte  to  consist  of  water  strongly 
addulated  with  both  chromic  and  sulphuric  adds.  The  following  arrangement  may  be 
advantageously  adopted.  A  coated  wire,  having  attached  to  its  extremity  a  piece  of 
crumpled  platinum  foil,  which  constitutes  the  positive  electrode,  is  dipped  into  the 
electrolyte  contained  in  a  cylindrical  porous  ceU,  and  an  inverted  tube-funnel,  just 
sufficiently  small  to  slide  into  the  ceU,  is  suspended  therein,  over  the  foiL  This  funnel 
serves  to  collect  the  oxygen  which,  during  the  electrolysis,  issues  in  a  oontanuous 
stream  from  its  narrow  orifice.  The  negative  electrode  may  be  constituted  of  a  plate 
of  platinum  foil  dipping  into  another  vessd  of  the  dectrolyte,  surrounding  the  porous 
cell.  Electrolytic  oxygen  has  not  been  found  to  contain  more  than  ^  part  of  its 
weight  of  ozone. 

y.  Ozone  may  be  obtained  by  passing  dectric  discharges  through  air  or  oxygen. 
Oxygen  gas,  prepared  by  heating  chlorate  of  potassium,  is  conducted  successively 
through  a  strong  solution  of  caustic  potash,  and  over  pumice  and  oil  of  vitriol. 
Klectrical  discharges  may  then  be  passed  through  the  gas  in  its  transit,  whereby  a 
stream  of  pure  ozonised  oxygen  is  obtained;  or  the  gas  may  first  be  collected  by 
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dispbeement  in  saitaUe  tubes,  and  then  oconified  by  the  diechazge.  Andrews 
usually  collects  hia  oxygen  in  a  straight  glaas  tube,  one  end  of  which,  preyiously 
contracted  by  the  blowpipe,  is  in  commnnication  with  the  supply  of  sas,  while  the 
other  end  is  fused  to  an  almost  capillary  piece  of  tubing,  bent  io  3ie  form  of  a 
XJ-gange.  After  the  tube  has  been  two  or  throe  times  alternately  exhausted  by  an  air- 
pump,  and  filled  with  oxygen,  the  extremity  of  the  oapillazy  gauge  is  detached  from 
the  air-pump,  during  the  passage  of  the  gas,  and  dioped  into  oil  of  Yitriol.  The 
supply  of  gas  is  continued  for  some  time  longer,  ana  the  excess  allowed  to  bubble 
through  the  oil  of  yitriol  in  its  escape.  The  contracted  extremity  of  the  reservoir 
part  oif  the  tube,  in  communication  with  the  source  of  oxygen,  is  then  sealed  by  the 
Dlowpipe,  and  a  few  bubbles  of  gas  are  -expelled  by  oentle  warming.  Upon  cooling, 
oil  of  Titriol  is  drawn  into  the  gauge,  so  as  to  confine  the  oxygen  in  the  reservoir. 
The  free  extremity  of  the  gauge  is  next  sealed  in  such  a  manner  as  to  leaye  a  small  space 
of  air  above  the  oil  of  vitrioL  Then  by  means  of  platinum  wires,  previously  fused  into 
the  reservoir,  electric  discharges  are  |)assed  through  the  oxygen,  whereby  it  becomes 
osonified.  In  this  way,  any  alteration  in  the  bulk  or  tension  of  the  oxygen,  consequent 
upon  the  production  or  subsequent  destruction  of  the  osone,  is  recognisable  by  an  lutera- 
tion  in  the  level  of  the  oil  of  vitriol  in  the  gauge.  Andrews  found  that  the  Riihmkorff 
spark  was  ill-suited  for  the  production  of  ozone,  and  that  even  the  ordinary  machine 
spark  was  much  less  effective  than  the  silent  discharge,  obtained  by  attaching  one  of 
the  platinum  wires  of  the  reservoir-tube  to  the  prime  conductor,  and  the  other  to  the 
ground,  and  toming  the  machine  slowly. 

In  addition  to  its  property  of  displacing  iodine  tcom  iodide  of  potassium, 
ocone  is  fi>und  to  be  rapidly  absorbed  by  mercury,  and  to  be  completely  destroyed  or 
decomposed  at  a  temperature  of  260^ — 300^.  Availingthemselves  of  these  properties, 
Andrews  and  Tait  obtained  the  following  results.  When  the  silent  discnarge  was 
passed  through  pure  dry  oxygen  contained  in  one  of  the  gauge-tubes,  condensation  was 
observed  to  take  place,  at  first  rapidly  and  then  more  slowly.  The  maximum  con- 
traction ever  obtained  was  equal  to  ^  of  the  entire  volume  of  the  gas.  On  heating  the 
contracted  or  oaonised  gas  to  300°,  it  recovered  its  original  volume ;  and  this  alternate 
contraction  by  the  silent  discharge,  and  restoration  by  a  temporary  heat,  could  be  re- 
peated an  indefinite  number  of  times.  The  extreme  contraction  gradually  diminished 
when  the  tube  was  set  aside  for  some  days.  ^  The  ordinary  electrical  spark  effected  a 
veiy  small  contraction  of  the  gas,  not  exceeding  ^  of  the  whole;  and  when  the  spark 
dischaige  was  passed  through  the  gas  contracted  by  the  silent  discharge,  an  expansion 
took  plaise  corresponding  to  the  excess  of  contraction  effected  by  the  silent  discharge, 
beyond  that  whidi  the  spark-discharge  could  have  produced.  By  introducing  into  the 
xcservoirs  of  the  tubes,  before  filling  them  with  oxygen,  small  quantities  of  mercury  or 
solution  of  iodide  of  potaeehimj  contained  in  thin  glass  bulbs,  and  then  osonifying  by 
the  silent  discharge,  so  as  to  produce  a  much  contracted  gas,  Andrews  was  able  to 
act  upon  the  osone  with  these  reagents,  which  could  be  set  tree  for  the  purpose  by  a 
smart  conensdon  and  consequent  fracture  of  their  containing  bulbs.  After  the  action 
of  the  mercury  or  iodide  of  potassium  upon  the  contracted  gas,  it  no  longer  underwent 
any  permanent  expansion  wnen  heated  to  300°,  showing  the  complete  absorption  or  de- 
composition of  the  OEone  by  the  reagent.  But  very  curiously,  wis  absorption  of  the 
osone  was  not  attended  with  any  duninutdon  in  the  bulk  of  the  contracted  oxygen. 
In  other  words,  the  active  oxygen  absorbed  by  the  reagent  occupied  no  part  of  the 
bulk  of  the  osonised  oas,  inasmuch  as  its  removal  did  not  diminish  that  biuk.  When 
the  osone  was  absorbed  by  solution  of  iodide  of  potassium,  the  amount  of  iodine 
liberated  was  found  to  correspond  exactly  with  the  amount  of  original  contraction, 
that  is,  with  the  quantity  of  oxygen  which  had  apparently  ceased  to  occupy  space. 
The  above  remarkable  result  seems  to  be  best  explained  by  the  following  hypothesis. 
If  we  consider  osone  to  be  a  compound  of  oxygen  with  oxygen,  and  the  contraction  to 
be  consequent  upon  their  combination,  then  if  one  portion  of  this  combined  or  con- 
tmeted  oxygen  were  absorbed  by  the  reagent,  the  other  portion  would  be  set  free,  and 
by  its  liberation  might  expand  to  the  volume  of  the  whole.  Thus,  if  we  suppose  three 
volumes  of  oxygen  to  be  condensed  by  their  mutuaJ  combination  into  two  volumes, 
then  on  absorbing  one-third  of  this  combined  oxygen  by  mercury,  the  remaining  two- 
thirds  would  be  set  free,  and  consequently  expand  to  their  normal  bulk,  or  two 
volumes : — 

3  vols.  9  voU. 

—      +      —  +  +—  -h     — 

000      +       Hg«Hg  0      +      00 

Upon  this  hypothesis,  Andrews'  maximum  contraction  of  ^  would  indicate  the  conver- 
sion of  I  of  his  oxygen  into  ozone.  Similar  results  have  been  obtained  by  v.  Babo 
and  Clausius  (Ann.  Ch.  Pharm.  SuppL  i.  297 ;  Jahresb.  1863,  p.  137). 

Andrews  also  ascertained  that  a  stream  of  dried  electrolytic  ozone,  when  heated  to 
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decomposition,  and  paased  over  phosphoric  anhydride,  did  not  afford  a  trace  of  moisture. 
When  passed  consecutively  through  solutions  of  iodide  of  potassium  and  oil  of  vitriol, 
the  increase  in  Uie  weight  of  the  two  liquids,  from  the  absorption  of  the  active  oxygen, 
corresponded  exactly  with  the  equivalent  of  iodine  set  free,  as  estimated  by  Bunsen's 
volumetric  method.  But,  according  to  Williamson  (Ann.  Ch.  Pharm.  liv.  127)  and 
B  aumert  (Pogg.  Ann.  Ixxxix.  38  ;  Chem.  Soc.  Qu.  J.  vi.  169),  dried  electrolytic  ozone 
does  yield  water  as  a  product  of  its  decomposition  by  heat.  According  to  Baumert, 
also,  dried  electrolytic  ozone  when  passed  consecutively  through  solution  of  iodide  of 
potassium  and  oil  of  vitriol,  sets  fr^e  a  (quantity  of  iodine  corresponding  to  only  f§  of 
the  total  increase  of  weight  of  the  two  hquids.  Hence  the  formula,  previously  sug- 
gested by  WilUamson,  H*0«  :  for  H«0"  =  H*0  +  0«,  or  60  =  18  +  32,  whence 
O*  =»  If  of  H-O*.  Andrews'  view  is  however  confirmed  by  the  recent  experiments 
of  V.  Bab  o  (Ann.  Ch.  Pharm.  SuppL  ii.  265 ;  Jahresb.  1863,  p.  131),  and  of  So  ret 
(Ann.  Ch.  Pharm.  cxxvii.  38 ;  cxxx.  95).  Andrews  found  that  electrolytic  ozonised 
oxygen,  when  decomposed  by  heat  in  one  of  his  gauge-tubes  underwent  a  variable 
increase  of  bulk,  according  to  the  proportion  of  ozone  present.  The  expansion,  how- 
ever, never  exceeded  ^  of  the  entire  volume  of  gas. 

The  general  characters  of  ozone  are  those  of  an  oxidising  agent.  Thtis,  it  cor- 
rodes organic  matter,  as  shown  by  its  rapid  action  on  caoutchouc  or  vulcanite  con- 
nectors. It  bleaches  most  vegetable  colours,  as  exemplified  particularly  by  its  conver- 
sion of  indigo  into  isatin.  It  oxidates  black  sulphide  of  lead  into  white  sulphate  of 
lead,  changes  the  yellow  ferrocyanide  into  the  red  ferrid(^ranide  of  potassium,  and 
colours  moist  sulphate  of  manganese  brown  from  formation  of  the  hydrated  per- 
oxide. It  is  absorbed  by  moist  iron,  copper,  mercury,  and  silver,  with  production  of 
their  respective  oxides.  Moist  silver  is  even  converted  into  the  state  of  peroxide. 
Dry  ozone  is  also  readily  absorbed  by  diy  mercury  and  d^  iodine. 

In  some  cases,  however,  ozone  acts  as  a  deoxygenant.  Thus  it  decomposes  peroxide 
of  hydrogen  and  peroxide  of  barium,  with  evolution  of  inactive  oxygen,  derived  both 
from  the  ozone  and  the  peroxide,  as  represented  hypothetically  by  the  following 
equation  :— 

—   +-  +—  +  —   +  +    — 

000     +     H«00       «      200     +     H*0. 

Diy  osone  is  decomposed  in  unlimited  quantity  by  the  dry  peroxides  of  manganese  and 
lead,  and  by  black  oxide  of  copper,  these  oxides  not  undergoing  any  alteration  of  weight 
bv  the  reaction.  It  is  also  decomposed  to  an  unlimited  extent  by  dry  silver  leaf  or 
filings.  These  unlimited  effects  may  be  explained  by  the  successive,  or  simultaneous, 
occurrence  of  oxidation  and  reduction.  Thus  dry  silver  leaf  is  at  first  obviously  oxi- 
dised by  ozone ;  and  the  oxide  of  silver  so  formed  is  then  reduced,  and  so  on  consecu- 
tively. 

Ozone  is  practically  insoluble  in  water  and  add  solutions.  When  ozonised  gas  is 
passed  through  potash  or  soda,  the  first  portions  are  absorbed,  probably  from  the 
presence  of  some  organic  matter  in  the  alkaline  liquid,  but  after  a  little  time,  the  oeone 
passes  through  apparently  unaltered. 

Schonbem  (Ann.  Ch.  Pharm,  cviii.  157)  regards  ozone  as  permanently  negative 
oxygen.  He  also  believes  in  the  existence  of  a  permanently  positive  oxygen,  or  anto' 
eone,  which  at  present  is  known  only  in  combination ;  and  considers  that  inactive  oxy- 

gm  18  a  product  of  the  union  of  ozone  and  antozone  O     0. 

This  idea  of  the  existence  of  two  essentially  distinct  varieties  of  o^gen,  which  is  like 
wise  advocated  byMeissner  {Untersicchungen  Hber  den  Sauerstoff,  Hannov^  1863. 
Jahresb.  1863,  p.  126),  is  founded  chiefly  on  certain  differences  observed  in  the 
behaviour  of  oxygen  evolved  from  the  alkaline  peroxides  on  the  one  hand,  and  that 
evolved  from  peroxide  of  manganese  or  peroxide  of  lead  on  the  other,  ^e  former 
exerting  for  the  most  part  a  reducing,  the  latter  an  oxidising  action.  But  Brodie 
showed  several  years  ago  (Phil.  Trans.  1850,  p.  759),  and  has  further  demonstrated  by 
more  recent  experiments  (Phil.  Trans.  1863,  p.  837 ;  Chem.  Soc  J.  xvi.  316),  that  the 
positive  or  negative  character  of  oxygen  (and  indeed  of  every  other  element)  is  not 
permanent,  but  depends  essentially  upon  that  of  the  other  elements  with  which  it  is 
associated  at  the  moment  of  chemical  dian^e  (see  paoe  304 ;  also  iii.  198). 

According  to  Meissner,  ordim^  oxygen  is  resolved  by  electrisation  into  ozone  and 
antozone,  the  former  of  which  is  absorbed  by  iodide  of  potassium,  pyrogaUic  acid, 
&c.,  while  the  latter  remains  unabsorbed.  He  finds  that  when  perfectly  dry  electrised 
air  is  made  to  pass  through  water,  white  fumes  are  produced  on  its  exit  into  the  air, 
and  that  the  same  fumes  are  produced  when  the  diy  elecbised  air  is  made  to  flow  into 
moist  air.  These  fames  he  regards  as  a  mechanical  mixture  of  antozone  with  aqueous 
vapour.  According  to  v.  Babo,  however,  these  fumes  are  for  the  most  part  produced 
only  in  presence  of  nitrogen  or  oxidisable  substances ;  he  regards  them  as  consisting 
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of  peTOzide  of  hydrogen,  which  ib  known  to  be  formed  by  the  action  of  ozone  on  water, 
either  in  the  liquid  or  the  gaaeons  form.  Von  Babo  also  asserts  that  the  proportion  of 
ooone  produced  in  air  or  oxygen  by  electrisation  is  the  same  whether  the  electricity 
used  be  positive  or  negatiye  or  the  two  alternately,  a  result  which  appears  inconsistent 
with  the  production  of  two  oppositely  polarised  varieties  of  oxygen  by  electrisation. 
Moreover  ozonised  air  suffers  no  diminution  in  its  amount  of  ozone  by  passing  through 
a  solution  of  permanganic  acid,  whereas  such  diminution  always  occurs  if  the  air  has 
previously  been  in  contact  with  oxidisable  substances,  which  may  have  given  rise  to 
the  formation  of  peroxide  of  hydrogen. 

Contpoiuids  of  Oxjvoo* — Ozldoo  ana  Bydratoo. 

Oxygen  may  enter  into  combination  in  various  ways,  taking  the  place  of  hydrogen  (in 
the  proportion  of  1  at  O  to  2  at.  H)  in  the  radicles  of  compounds  formed  on  either  of 
the  types,  HCl,  HK),  H*N,  H*C,  thus  giving  rise  to  oxy-chlorides,  oxy-iodides,  oxy- 
nitrides,  &c;  but  the  term,  '* oxide"  is  specially  applied  to  compounds  derived  from 
a  sin^e  or  multiple  atom  of  water,  H*0  or  nH'O,  where  part  at  least  of  the  oxygen 
occupies  the  place  external  to  the  radicle.  When  the  hydrogen  in  the  type  is  partly 
replaced  by  other  elements  or  by  compound  radides,  the  resulting  compound  is  a 
hydrate,  basylous,  acid  or  saline,  according  to  the  nature  of  the  sub^ituted 


dides;  thus  KHO and Ba"HH)«  are  basylous  hydrates;^^*^|  0,  ^®hV"|o«  and 

H*    (^  ^'^  ^^^^  hydrates   or  acids; '^w  [o*  and  ^vm  [O*  are  saline 

hydrates  or  acid  salts.  If  the  whole  of  the  hydrogen  is  replaced  by  one  or  more 
radicles,  the  resulting  compound  is  an  anhydrous  oxide,  basylous,  acid  or  saline, 
according  to  the  nature  of  the  radicles  which  enter  into  its  constitution ;  thus  £'0,  Ba''0, 

and  BiW  are  basylous  oxides;  (C«HK))«0.  (SO*)"©  and  (V^Oycy  are  acid  oxides, 

anhydrous  acids,  or  anhydrides;  ^*^|o,  ^®^?  |o*,  ^^fjo^are  saline 

oxides  or  neutral  salts. 

It  must  be  observed.  However,  that  the  distinctions  between  basic,  add  and  saline 
oxides  are  in  great  part  merdy  conventional,  inasmuch  as  basylous  and  chlorous 
dements  or  radides,  and  consequdntlj  basic  and  add  oxides  and  hydrates,  shade  off 
into  one  another  by  insensible  gradations,  so  as  to  predude  the  possibility  of  drawing 
any  strict  line  of  demarcation  between  them.  Still  there  are  certain  hydrates  which  have  a 
marked  tendency  to  exchan^  their  hydroeen  for  a  chlorous,  add,  or  dectro-negative 
element  or  radide,  these  constituting  the  basylous  hydrates ;  while  others  have  a  dedded 
tendency  to  exchange  their  hydrogen  for  a  metallic,  basylous,  or  electro-positive 
element  or  radide,  and  these  constitute  the  add  hydrates  or  adds.  The  chemical  or 
electro-chemical  characters  of  the  anhydrous  oxides  are  less  marked  than  those  of  the 
hydrates ;  neverthdess  some  of  those  contcdnins  radides  of  dedded  acid  tendency  unite 
more  or  less  readily  with  those  containing  radicles  of  oppodte  character,  the  resulting 
compound  bdng  a  salt;  thus  sulphuric  anhydride  SO*,  passed  in  the  state  of  vapour 
over  moderately  heated  anhydrous  baryta  Ba"0,  unites  with  it  readily,  the  combination 
being  attended  with  vivid  incandescence,  and  forms  sulphate  of  barium  Ba"S0*;  in  like 
manner  silicic  and  boric  anhydrides  unite  readily  with  basylous  oxides  when  ignited 
in  contact  with  them,  and  expel  carbonic  anhydride  from  carbonates. 

The  general  properties  of  add  hydrates  and  oxides  have  been  already  described  in 
the  artides  Acids  and  Anhtdbedbs.  We  have  here  therefore  only  to  speak  of  the  com- 
position and  pzopertieB  of  the  more  basic  or  podtive  among  these  compounds. 

Metallic  Oxides  and  Hydrates, 

1.  Oxides  vnth  one  atom  of  oxygen^  formed  on  the  type  of  a  single  atom  of  water ^  H*0. 
— ^The  alkaU-metals,  lithium,  sodium,  potassium,  caesium,  and  rubidium,  and 
oneof  the  heavy  metals, namely  thallium,*  which  are  mono- or  proto-equivalent,  that 
is  capable  of  replacing  hydrogen — atom  for  atom — ^form  mono-  or  proto-hydrates  having 
the  general  formula  M'HO.  These  hydrates  are  soluble  in  water,  forming  strongly 
alkaline  solutions  which  predpitate  the  solutions  of  all  other  metals,  excepting  Sie 
alkaline  earth-metals,  barium,  strontium,  and  caldum.  The  hydrates  of  the  aUcaH- 
metals  volatilise  slightly,  but  do  not  decompose  even  at  the  highest  temperatures. 
Hydrate  of  thallium,  on  the  other  hand,  becomes  anhydrous  when  heatea  at  100^ 
in  the  air,  or  left  over  oil  of  vitriol  at  common  temperatures. 

All  proto-equivalent  metals  also  form  anhydrous  protoxides,  having  the  general 

*  Thalllam  In  many  other  of  its  chemical  relatioof  exhibits  a  marlied  resemblance  to  the  alkali-metals. 


and  Hydrates  containifig  two  atoms  of  Oxygen^  formed  on  the  type  of  a 
of  toater,  HH)*. — This  group  includes  :—a.  The  hydrates  of  the  oi-equi- 
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fonnula  MX).  To  this  group  belong  also  the  saUflable  oxides  of  the  di-equivilent 
metals,  included  in  the  formula  WO ;  such  are  the  oxides  of  barium,  strontium, 
calcium,  of  all  the  other  earth-metals  excepting  aluminium,  and  of  many  of  the  heavy 
metals,  namely  zinc,  cadmium,  chromium,  manganese,  iron,  nickel,  cobalt, 
uranium,  copper,  mercury,  lead,  palladium,  platinum,  tin,  and  a  few  others. 
Lastly,  there  are  two  oxides  containing  4  atoms  of  metal  to  1  atom  of  oxy^n,  tIs. 
Ag*0  and  Cu^O.  Tlie  former  has  long  been  known;  the  latter  was  obtained  by 
H.  Rose  (Bull.  Soc.  Chim.  1864,  p.  330)  by  treating  a  cupric  salt  with  an  alkaline 
solution  of  stannous  oxide.  In  these  oxides,  2  atoms  of  metal  take  the  place  of  1  atom 
hydrogen.  They  are  easily  decomposed  by  acids,  with  separation  of  metal,  and  forma- 
tion of  argentic  and  cupric  salts  respectiyely. 

The  protoxides  of  the  alkali-metals  and  of  thallium  are  decomposed  by  water,  with 
formation  of  soluble  hydrates  (e.  g.  KK)  +  H*0  -  2KH0)  ;  the  oxides  of  barium, 
strontium,  and  calcium  unite  directly  with  water,  also  forming  soluble  hydrates  (e,  g. 
Ba^O  +  HK)  ae  Ba'^*0*\  All  other  protoxides  are  insoluble,  or  nearly  so,  and 
are  for  the  most  part  unaltei«a  by  water ;  the  protoxides  of  ma^esium  and  lead,  how- 
ever, are  slowly  converted  by  water  into  hydrates.  Protoxides  and  protohydrates 
are  decomposed  by  most  acids^  with  formation  of  salts,  and  elimination  of  1  atom  of 
water:  e. g. 

KHO     +       HCl        -        HK)     +       KCL 
TIO        +     2HC1        -        H«0     +     2T1CL 
Ba'O      +     2Ha         -         fl*0     +       Ba"a«. 
BaK)      +       H»SO*     -        HK)<    +       Ba'SO*. 

2.  Oxides 
double  atom 

Talent  metals,  barium,  calcium,  lead,  copper,  &&,  e,g,  barytic  hydrate  Ba''H'0', 
cupric  hvdrate  CvTHK)*,  stannous  hydrate  Sn"H'0'.  The  hydrates  of  barium,  strontium 
and  calcium  are  soluble  in  water ;  the  rest  are  insoluble  or  very  slightly  soluble,  as  hydrate 
of  lead.  All  these  hydrates  aro  decomposed  by  heat  into  metallic  oxide  and  water;  but  the 
degree  of  heat  required  to  effect  the  change  is  differont  in  each  particular  instance. 
Thus,  cupric  hydrate  is  decomposed  at  a  tempenture  below  that  of  boiling  water,  whereas 
hydrate  of  calcium  requires  a  full  red  heat  to  resolve  it  into  quicklime  and  water.  These 
hydrates  are  decomposed  by  acids^  with  formation  of  salts  and  elimination  of  2  at.  water : 

BaTBK)*     +     2Ha       =-       2fl»0     +     Ba'Cl* 
Cu"H*0«     +     H«SO*     -       2H*0     +     Cu"SO«. 

fi.  The  anhydrous  salifiable  oxides  of  tetra^equivalent  metals,  f.^.  lireonia  Zr'^O*, 
thorina  Th'^0*,  stannic  oxide  Sn**0*,  platinic  oxide  Pt'^0*,  and  the  oorres- 
pondinff  oxides  of  the  other  metals  of  the  platinum  group ;  also  titanic  oxide  Ti**0*, 
tantalie  oxide  Ta**0',  niobic  oxide  NV^O^  and  tne  dioxides  of  molybdenum, 
tungsten,  and  vanadium.  All  these  dioxides,  excepting  those  of  titanium,  tan- 
talum, and  niobium,  have  moro  or  less  of  a  basylous  character,  and  are  converted  into 
salts  by  the  action  of  acids ;  but  they  all,  excepting  those  of  molybdenum,  tungsten  and 
vanadium,  likewise  exhibit  the  chazacters  of  acid  oxides,  and  form  salts  with  the  moro 
basylous  oxides.  In  the  same  group  of  add  oxides  may  also  be  included  the  dioxides 
of  certiiin  semimetallic  elements,  namely  silicic  oxide  or  anhydride  SiO',  sel- 
enious  oxide  Se**0',  and  tellurous  oxide  Te'^O*. 

y.  Certain  double  or  saline  oxides  in  which  half  the  hydrogen  is  replaced  by  2  atoms 
of  a  mono-equivslent,  and  half  b^  1  atom  of  a  di-equivalent  metal,  such  as  potassium- 
sine-oxide  K'Zn^O',  platinite  of  potassium  K^Pt^O',  stannite  of  sodium 
Na^Sn'O*,  &c. 

8.  In  addition  to  the  add  and  basylous  dioxides  above  mentioned,  there  are 
certain  other  oxides  with  two  atoms  of  oxygen,  possessed  of  very  different  properties. 
In  these  last  dioxides,  typified  by  peroxide  of  hydrogen  B.H)\  the  second  atom  of 
oxygen  seems  to  be  rotained  on  a  very  uncertain  tenure.  Oxides  of  this  description 
aro  usuallv  termed  peroxides,  to  distinguish  them  from  the  salifiable  oxides  already 
considered.  These  peroxides  do  not  form  any  corresponding  chlorides,  or  coireeponding 
salts  in  general,  but  when  acted  upon  by  hydrochloric  add,  they  evolve  either  peroxide 
of  hydrogen  or  chlorine,  thus : 

BaO»     -».     2HC1       -       H«0«     +     Ba^a* 

MnO«    +     4HC1       «     2H^      +     Mn^Cl*     +     CI*. 

The  peroxides  of  barium,  strontium,  calcium,  potassium,  and  sodium  have  a  tendency 
to  produce  peroxide  of  hydrogen ;  while  the  peroxides  of  the  less  basylous  metals, 
manganese,  lead  and  silver,  have  a  tendency  to  produce  chlorine.  In  accordance  with 
these  different  tendendes,  the  alkaline  peroxides  are  found  to  exert  in  many  cases  a 
reducing  action,  like  peroxide  of  hydrogen  (iii.  198),  wheroas  the  peroxides  of  man- 
ganese, lead  and  silver,  act  more  generally  as  oxidising  agents ;  and  hence  it  has  been 
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inferred  bySchonb«in  and  otheni  (p.  302^  that  the  oxygen  in  tlie  alkaline. perozidefl 
is  essentially  eleeb'o-poeitire,  whereas  that  in  jpeiroxide  of  manoanese  &o.  is  essentially 
negative.  These  differences,  however,  are  not  really  permanent  and  essential,  but  vary  with 
the  conditions  under  which  the  second  atom  of  azrgen  is  set  firee.  In  the  first  place,  all 
peroxides  alike  erolve  chlorine  (t.  e.  exert  an  oxidisinff  action)  when  heated  witii  strong 
hydrochloric  acid. — 2.  An  acid  solntion  of  peroxide  of  hydrogen  converts  fenocvanide 
into  feiricyanide  of  potawrinm,  whereas  an  alkaline  peroxide  mixed  with  an  alkaline 
or  nentral  solntion  of  the  ferricvanide  reduces  it  to  ferrocyanide. — 3.  An  alkaline  solu- 
tion of  peroxide  of  sodium  added  to  a  manganons  salt  forms  hydrated  peroxide  of 
manganese;  whereas  an  acid  solution  of  peroxide  of  hydrogen  mixed  with  perman- 
ganate of  potassium  evolves  oxygen  and  forms  a  manganons  salt. — i.  An  alkaline 
solution  of  peroxide  of  sodium  oxidises  an  alkaline  solution  of  chromic  oxide,  converting 
it  into  chromic  acid,  whereas  acid  solutions  of  peroxide  of  hydrogen  (or  oftlie  alkaline 
peroxides)  reduce  chromic  acid  to  chromic  oxide  (Br  o  die,  Chem.  Soc  J.  xvi  833;  see 
also  i  866  and  iii.  198).  All  neroxides,  also,  whether  of  the  more  or  less  basylous  sub- 
groups, alike  yield  oxygen  ana  a  protosulphate  when  acted  upon  bj  strong  sulphorio 
acid: 

BaO«     +     H«80«     «     HK)     +     O     +     BaTSO*. 

MnO«    +     ffSO*     -    H«0     +     0     +     MnTBO*. 

The  oxygen  evolved  from  the  above  reaction  with  peroxide  of  barium  is  hishlj 
ozonic;  and  that  from  the  reaction  witb  peroxide  of  manganese  appears  to  contain  a 
trace  of  oaone. 

These  peroxides  might  also  be  classified  as  a  distinct  group,  and  represented  by  a 
distinct  set  of  formube,  thus: 


H^O  .  O  Peroxide  of  hydrogen. 

KaK).  O  Peroxide  of  sodium. 

K'O  .  O  Peroxide  of  potassium. 

GaO  .  O  Peroxide  of  calcium. 

SrO    .  O  Peroxide  of  strontium. 


BaO  .  O  Peroxide  of  bariuu. 

MnO  .  O  Peroxide  of  manganese. 

PbO  .  O  Peroxide  of  lead. 

AgK)  .  0  Peroxide  of  silver 


We  find,  however,  that  although  non-salifiable  as  a  mle^  yet  under  certain  eircum- 
stanoes,  some  of  these  oxides  can  act  as  if  salifiable.  Thus  the  peroxides  of  manganese 
and  lea4  are  capable  of  dissolving  in  acetic  acid  to  form  diacetates.  Moreover,  the 
acknowledged  salifiable  dioxide  of  palladium  manifests  many  of  the  properties  of  a 
peroxide.  Whence  it  seems  that  the  difference  between  a  salifiable  dioxide  and  a 
neutral  peroxide  is  rather  a  difference  of  habit  than  of  essential  character ;  and  this 
view  is  confirmed  by  a  consideration  of  the  peroxides  with  three  atoms  of  oxvgen  be- 
longing to  the  next  group.  Host  of  the  above  peroxides  can  exist  in  the  nydrated 
state,  but  whether  or  not  the  water  exists  as  a  separate  constituent  has  not  been  satis- 
factorily ascertained.  Some  oxides  also,  having  the  formulse  of  }-oxides,  have  the 
charaetors  of  peroxides.  Thus,  red  oxide  of  lead  has  a  fbrmula  corresponding  to  that 
of  black  oxide  of  iron,  but  the  two  bodies  behave  very  differently  when  treated  with 
acidsL    The  former  breaks  up  in  accordance  with  this  equation : 

Mon-iallflable. 
PbH>*     »     2Pb''0     +     PbO»; 

the  latter  in  accordance  with  this : 

S*ll8able. 

Fe«0«     «     Fe^O     +     ^e'O*. 

3.  Oxides  with  three  atoms  of  Ox^en^  formed  on  the  type  of  three  atoms  of  wUer, 
HK)*.    €t.  In  this  class  are  included  salifiable  trioxides  and  trihydratee.    The  most 

basylous  of  the  trioxides  are  alumina  £iK>',  ferric  oxide  I'eH)',  chromic  oxide 

Cr'O*,    eerie  oxide  C^O*,  and  trioxide  of  bismuth  ^1*0*.    In  the  trioxides 

of  gold  and  antimony,  AuK>'  and  Sb'O*  respectively,  the  chlorons  and  bssylous 

functions  are  prettv  equally  balanced,  while  in  trioxide  of  arsenic  As*0'  the  basylous 
character  is  scarcely  to  be  recognised.    This  last  trioxide  is  sparingly  soluble  in  water, 

being  converted  by  solntion  into  its  corresponding  hydrate  or  acid,  thus:  AsK)'  +  3H'0 
«  2H»As'"0«. 

The  more  basylous  trioxides  are  practically  insoluble  in  water.  They  all  form  hy- 
drates, among  which  the  aluminic,  ferric,  chromic,  and  eerie  hydrates  are  represented 
by  the  general  formula  HO^'O*.  These  normal  hydrates  are  somewhat  unstable, 
especial^  on  the  application  of  heat^  whereby  they  lose  water  and  are  reduced  to 
the  type  HM'^O*.  ¥at  example,  H*Fe'^0'  when  dried  at  120®  loses  HK),  and  becomes 
HFe  O*.    Hydrate  of  bismuth  when  first  precipitated  has  probably  also  the  com- 

Vol.  IV.  X 
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position  ETOi'^O*.  bat  hv  drying  it  loses  1  at  water  and  is  redneed  to  HBi'^0*.  Bj 
a  farther  appHeation  of  neat  these  hydrates  are  rendered  anhydrons,  thus : 

2HTe"'0»     -     3H*0         =        FeK)". 

The  basylons  trihydrates  axe  all  readily  solable  in  acids.  The  trioxides  of  alnmininm^ 
iron,  chromium  and  cerium  exist  in  several  different  modifications,  some  of  which  axe 
readily,  others  scarcely  at  all  acted  upon  by  adds.  Bat  all  salifiable  oxides  and  bfdxates 
with  three  atoms  of  ox;mn,  when  decomposed  by  adds,  yield  ooirespondiag  silts,  and 
eliminate  three  atoms  of  water,  thns : — 

BT«0«     +     6HC1        -         8H«0     +     2Bi''CP 
H«A1"'0«     +     8HC1        -        8H«0     +      ATCl*. 

fi.  Certain  trioxides  have  the  characters  of  peroxides ;  tibat  is  to  say,  when  acted 
upon  by  adds,  they  do  not  form  trisalts  but  protosalts;  and  simnltaneonsly  ctoItb 
oxygen  or  chlorine.  The  trioxides  of  cobalt  and  nidcel  Co'O"  and  Ni'O'  respectiTely, 
are  as  dedde41y  peioxides  as  the  dioxides  of  lead  and  barimn.  The  trioxide  of  man- 
ganese is  intermediate  in  its  properties,  and  seonres  to  connect  the  salifiable  oxides  of 
chromium  and  iron  with  the  indifferent  triosddes,  or  peroxides^  of  nickel  and  cobalt 
Thus  it  dissolves  in  o^d  hydrochloric  aoid  to  form  an  unstable  hydrated  trichloride  of 
manganese: — 

Mn«0»     +     6HCa      «      8H»0     +     2Mn"'Cl» 

But  when  heated  with  hydrochloric  add,  it  forms  dichloride  of  manganese  and 
chlorine : — 

Mn«0»     +     6HC1       -       8HK)     +     2Mtt'Cl«     +     Cl«. 

7  Certain  oxides  with  three  atoms  of  oxygen  react  in  a  very  peculiar  manner  with 
adds,  as  if  two>thirds  of  the  oxygen  were  retained  bv  the  metal  on  a  more  intimate 
footing  than  the  remainder.  Trioxide  of  uranium  IPO',  is  the  most  striking  member 
of  this  class.    To  judge  from  its  reactions,  it  would  seem  to  be  the  protoxide  of  an 


compound  radide  U'O*  plays  the  part  of  metallic  copper 

grouping  TJH^  ia  capable  of  being  transfezred  from  one  compound  to  another  in  ex- 

changelor  an  atom  of  hydrogen  or  its  representative,  precisdy  as  is  tiie  metal  copper, 

thus:'^ 

Cu^O     +     2HN0»      -      H«0     +     Cu*(NO^». 
(IPO^yO     +     2HN0*      =      H«0     +     (U*0«)"(NO«)«. 

In  a  similar  manner,  the  trioxide  of  antimony  occasionally,  and  the  trioxide  of  iron 
more  rarely,  react  as  if  their  respective  formolA  were  (Sb^O'^^O  and  (Fe'0*)''0.  In 
many  aluminous  silicates  also,  the  trioxide  of  aluminium  Al'O*,  appears  to  function  as 
a  protoxide  of  aluminyl  (A1'0*)''0.  The  peculiarity  of  the  trioxicte  of  uranium  is  that 
it  never  acts  as  a  salifiable  trioxide,  but  always  as  an  oxide  of  uranyL  Oxides  behaving 
in  the  above-described  manner,  were  termed  by  Laurent  basyl-oxides,  and  their  corre- 
sponding salts  basyl-salts. 

4.  Oxides  toithfour  atom»  of  Oxygen^  formed  on  the  type  HH)\  The  only  known 
anhydbous  oxide  belonging  to  this  type  is  the  tetroxide  of  osmium  OsO*  (p.  246). 

The  hydrates  corresponding  to  thio  dioxides  also  belong  to  it:  e.  g,  stannic 
hydrate  H*Sn«'0*,  palladic  hydrate  HTd'^O*,  platinic  hydrate  H*Pt»'0*; 
also  certain  double  or  saline  oxides  containing  totratomic  metals,  e.^.  stannate  of 
sodium  Na«Snl*0^  platinate  of  potassium  E^*^0\  &e. 

The  tvpe  HK)*  also  indudes  Hie  la^  dass  of  oxides  known  as  {-oxides,  componnds 
in  whicn  6  atoms  of  hydrogen  are  replaced  by  2  atoms  of  a  tri-equivalent  metal, 
'vrhile  the  remaining  two  in  the  type  either  remain  or  are  replaoMl  by  one  atom 
of  a  di-equivalent  metal.  Examples  of  these  compounds  are  fumushed  by  mag- 
netic oxideof  ironFe''(Fe"')»0\  chrome -iron  Fe"(Co'")*0«,  red  leadPb''(Pb"')«0\ 
red  oxide  of  manganese  Hn''(Mn'*')K>*,  &c  Some  of  the  native  J-oxides  are 
very  slowly  attacked  by  adds,  but  aU  of  them,  when  decomposed  by  adds,  form  salts 
corresponding  to  the  adds,  with  elimination  of  4  at.  water  for  each  atom  of  oxide  de- 
composed ;  €,  g., 

Fe"(Fe*)»0«    +     8HCI      «      4H«0     -i-     Fe^OT     +     2Fe*Cl». 

0xi^4s  witk  five  aiom*  of  oxygen^  formed  on  the  type  H^^O*.  To  this  type  bdong 
the  pentoxides  of  bismuth  Bi^^  antimony  SbK)^  and  arsenic  AsK)*,  all  of  which  are 
of  add  character.  The  last  is  easily  soluble  in  water,  the  other  two  are  insoluble. 
With  these  oxides  may  also  be  dassed  phosphoric  anhydride  P*0^  and  nitric  anhy- 
dride N^O*. 

The  same  metal  may  give  origin  to  many  different  oxides  and  hydrates,  as  instanced 
particularly  by  manganese.    The  protoxides  and  protohydrates  are  the  most  strongly 
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h&BvkxQM,  and  than  follow  the  trkoides.    The  add  chancteii  of  the  hjdrtlefl  ineMaaa 
irith  the  relative  propordon  of  oxygen  ▼hioh  they  oontain: — 

MnO      Pzotozids 


Hn*0«  f-ozides 
Hn«0*  Triozide 
MnO*     Peiozido 


H^Mn'O'  ManganouB  hydrate 

HMn'^0*  Manganic  hydrate 

H*Mn^*  Manganic  add 

HM^^^  Fennanganie  acid 

The  idations  of  the  principal  dassee  of  chloridea  and  saliftable  oxides  to  one 
another  are  shown  in  the  following  table : — 

GUoride.  Oxide, 

Piotochloride  Ka  Protoxide*  K*0 

Bichloride  Ba^a*  „  Ba'O 

Tetrachloride  Sn"Ca«  Dioxide  8n«'0« 

Trichloride  Cr'^Cl*  Trioxide  Cr*0« 

Hexchloride  IrCl"?  „  Ir0« 

0e9wrenc$  and  formuJtum  of  MeiaUic  (Mde»,     Some  metallic  oaades  an  Jbnnd 
natiye. 
known 
hematite 

certain  oxides  of  manganese,  namely,  the  peroxide  MnO',  known  as  pyrolusite,  and 
seTeral  rarer  oxides,  indnding  the  trioxide  or  braanite  Mn'O',  the  hydrated  trioxide 
or  maaganite  H(Mn)'*'0',  the  }-osxide  or  hansmanite  Mn''(Mn'")'0^  and  an  oxide  of 
pe<*nli«r  composition,  known  as  Tarridte.  The  prindpal  sonxoe  of  tin  is  the  natiye 
dioxide  SnO*,  or  tinstone ;  of  duomiom,  the  native  double  oxide  of  chrome  and  iron, 
or  chrome-iron ;  and  of  nraninm,  the  native  {-oxide  tJ''(U'*')'0\  or  pitdiblende.  Tri- 
oxide of  aluminium  Al'O',  occurs  native  in  the  forms  of  mbv,  sapphire,  and  corundum ; 
and  combined  with  oxide  of  magnedum  in  soineUe  Mg^Al'^y^O*.  Moreover,  native 
alumina  and  native  magnesia  occur  in  the  hydrated  state^  the  former  as  diaspore,  the 
latter  as  bmdte.  Native  trioxides  d  antimony  and  bismuth  have  been  occadonslly 
met  with,  as  have  also  the  two  oxides  of  copper.  Dioxide  of  titanium  is  fbund  nativa 
as  mtile,  brookite^  and  anatasa. 

Metallic  hydrates  are  obtained  artiiidally  by  the  following  processes :  a.  The  soluble 
hydrates  of  ealcium,  strontium,  and  barium  are  usually  prepeied  by  the  action  of  water 
upon  the  anhydrous  protoxides.  The  soluble  hydrates  of  litnum,  sodium,  and  potasdnm 
might  be  made  in  a  similar  way,  but  in  practice  they  are  always  obtained  by  aeeompos- 
ing  solutions  of  their  carbonatea,  sulphates,  or  sulphydrates  by  other  bases*  xhus  the  car- 
bonate of  alkaU-met^  is  usually  deeomposed  by  lime  or  baiyta,  the  sulphate  by  baiytai 
and  the  sulphydrate  by  oadde  of  copper.  Hydrate  of  barium  likewise  is  fieqnentlj 
made  by  de«>mpodng  the  sulphide  or  sulphydrate  of  barium  with  oxide  of  o^yper.  Tha 
six  soluble  hydrates  also  result  from  the  action  of  water  at  ordinary  temperatores  upon 
their  respective  metals.  The  insoluble  ssliflshle  hydrates  are  prepared  l^  deoompodng 
some  or  other  of  their  salts,  with  the  above  sduble  hydrates,  or  with  MnmAnJA^  or  in 
some  cases  with  magnesia.  Moreover,  the  carbonatas  of  the  cocresponding  basylous 
metals  may  be  snbetitnted  for  the  above  hydrates  to  predpitate  those  l^drated  <  '" 
which  do  not  readily  eomfaina  with  carbonic  anhydride  to  form  carbonates,  thus : 

SnOT      -I-      HK)     4-       Ca^CO"        »      Oa^Ol*      +     H^Sn'O*       +       00« 
2PeCl«       +     3HH)     +     SCa^CO*        -       SCa'Cl*     +     2H«Fe"'0»     +     8C0». 

And,  in  a  few  cases,  water,  especially  boiling  water,  may  be  substituted  for  the  slkali, 
thus: 

Bi-'CNO^     +     3H«0      -      8HN0«     +     WBrO». 

Nitrate  of  tellurium  is  decomposed  by  water  in  a  somewhat  simiiar  manner. 

The  hvdrated  peroxides  are  usually  prepared  by  adding  water  to  the  anhydrous  per- 
oxides of  the  highly  bar^Ious  metals ;  or  l^  precipitating  their  sduble  salts  with  pe^ 
oxide  of  hydroeen ;  or  by  passing  chlorine  gas  uirough  the  protoxides  of  the  heavy 
metals  suspended  in  water  or  alkuine  liquid : 

a*     +     2KH0     +     2CoO       -      iKCl     +     C<yWHH>. 

The  protohydiates  of  iron  and  manganese  absorb  oxygen  from  the  sir  to  form  their 
respective  sesquihydrates. 

*  The  reoeot  altaratlont  in  Ura  atomic  welfhu  of  th«  meUls  (ill.  957)  hare  necMtitatad  corretpooding 
alteratloni  In  the  nomenclature  of  oxides,  these  eorapoundt  befns  now  callrd  proto-  (or  mono-),  di-, 
or  tri.oxlde«.  timplr  aoeordfaiK  to  the  number  of  exygen-atomt  which  the?  conlaln,  and  the  prot<^  and 
trl-oxide«  betng  dutinguttbed  as  di-  or  mono-moCallic,  according  to  the  narober  of  atoms  of  metal  associ- 
ated with  the  oxygen:  «jr.,  ICO  s  dlpotastie  oxide;  Ba"0,  mono-barytic,  or  limply, barytic  oxide; 
Cr*0*  ss  dichromic  trioxide  ;  CrO*  chromic  trioxide.  The  dimetallic  trioxides  (alumina,  Ibr  exam- 
ple) were  represented  aocordinc  to  the  former  system  of  atomic  weights  (i.  465)  by  the  formula  M'*0*, 
and  called  lesquioxides.    (Sec  Nomsmclatdrb,  p.  133.) 

x  2 
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/9.  Anhydioiui  oxides  are  freqaentljr  prepared  by  diiecdjr  oandisiiig  the  metaL 
Hany  oxides,  especially  those  of  volatile  metals,  arsenic,  siD<^  cadmium,  and  mercmy, 
for  instance,  are  obtained  b^  simply  heating  the  metals  in  air  or  oxygen.  Protoxide 
of  lead,  a  rradily  fasible  oxide,  is  made  commercially  by  roasting  the  metal  in  a  current 
of  air.  Black  oxide  of  iron  is  well  known  in  the  form  of  smithy  soales,  as  a  product 
of  the  ignition  of  iron  in  the  atmosphere ;  and  the  two  oxides  of  copper  may  be  made 
in  a  siimlar  manner.  Sometimes^  also,  metallic  oxides  result  from  the  direct  action 
of  oxygen  upon  certain  compounds  o/i  the  metals.  Thus  arsenious  oxide,  and  the 
mixed  oxides  of  iron  and  copper,  are  prepared  by  roasting  metallic  sulphides  instead  of 
the  regnline  metala.  Aoain,  peroxide  of  silrer  is  made  by  acting  upon  nitrate  of  silyer 
with  nascent  oxygen  evolYed  from  the  positive  plate  of  the  battery.  Many  oxidee,  pro- 
cured in  various  ways,  are  converted  into  their  nigher  oxides  bv  ignition  in  a  current 
of  oxygen  or  of  air,  as  is  the  case  with  peroxide  of  barium  ana  rra  oxide  of  lead,  for 
instance.  In  this  direct  mode  of  oxidation  the  oxy^n  is  frequently  supplied  bv  means 
of  some  oxidising  compound.  Thus  the  oxides  of  tin  and  antimony  are  readiW  made 
lyy  acting  upon  Uie  respective  metals,  or  their  sulphides,  with  strong  nitric  acid ;  and 
many  oxides  are  procued  by  fusing  the  metals,  or  their  sulphides,  with  nitre.  By 
this  last  method,  uie  resulting  oxides,  if  at  all  of  an  add-forming  character,  appear  in 
the  state  of  potassium-salts.  Many  metals,  especially  at  a  red  heat,  axe  readily 
oxidated  by  water  or  steam. 

7.  Some  oxides  are  made,  not  by  oxidation,  but  by  reduction  of  their  superior  oxides. 
Thus,  the  }-oxide  of  manganese  is  made  by  igniting  the  peroxide.  Trioxide  of  chro- 
mium is  made  by  igniting  chromic  acid,  or  the  ehromates  of  the  volatile  metals, 
mercury  and  ammonium.  Cuprous  oxide  is  made  by  reducing  enpric  oxide  with 
metallic  copper.  Dioxide  of  tungsten  is  made  by  reducing  tungstic  anhydride  in  a 
current  of  nydrogen.  Sometimes  the  hydn^gen  resulting  from  uie  decomposition  of 
ammonia  effects  the  reduction.  In  this  way  the  ignition  of  molybdate  of  ammonium 
yields  protoxide  of  molybdenum. 

9.  Olie  of  the  most  common  methods  of  preparing  anhydrous  metallic  oxides  eonsisti 
in  heating  metaUie  hvdrates,  carbonates,  oxalates,  nitrates,  and  sulphates.  Nearly  all 
metallic  hydrates  yield  metiJlic  oxide  by  exposure  to  a  degree  of  heat  varying  from 
below  100^  to  full  redness.  The  hydrates  of  potassium^  sodium,  and  lithium  are  not 
decomposed  by  heat,  but  can  yield  their  corresponding  oxides  by  treatment  with  their 
respective  metals:  NaHO  +  Na  —  Na*0  +  H.  iUl  metallic  carbonates, 
excepting  those  of  barium,  potassium,  sodium,  and,  to  some  extent,  lithium,  are 
decomposed  by  heat  and  yiela  metallic  oxides.  Quicklime  or  protoxide  of  calcium  is 
made  m  this  way  by  the  ignition  of  chalk  or  carbonate  of  calcium.  The  oxides  of 
nickel  and  cobalt  are  fluently  prepared  by  igniting  their  oxalates ;  those  of  barium, 
copper,  and  mercury  by  igniting  their  nitrates ;  and  those  of  iron  and  aluminium,  by 
ignitinff  their  sulplutes. 

Oxides  are  for  the  most  part  opMue  earthy  bodies,  destitute  of  metallic  lustre.  With 
the  exception  of  the  peroxides  of  silver,  lead,  and  manganese,  they  are  non-conductors 
of  electricity.  The  densities  of  metallic  oxides,  save  of  the  highly  basylous  ones,  are 
usually  lower  tham  those  of  the  metals  themselves.  Some  native  oxides  are  extremely 
hard.  This  hardness  greatly  exceeds,  but  otherwise  bears  no  rdation  to^  the  hardness 
of  the  corresponding  metals,  kt  ordinary  temperatures,  all  metallic  oxides  occur  in 
the  solid  state.  The  majority  of  them  are  ftisible,  those  of  lead  and  bismuth  at  a  low 
red  heat,  those  of  copper  and  iron  at  a  white  heai  those  of  barium  and  aluminium  in 
the  oi^hydrogen  blowpipe,  but  that  of  calcium  at  no  temperature  to  which  it  has 
hitherto  been  subjected.  Unlike  the  compounds  of  metal  with  chlorine,  which  are 
much  more  fhsible,  the  compounds  of  metols  with  oxygen,  except  indeed  the  black 
oxide  of  iron,  the  trioxide  of  chromium,  and  the  trioxide  of  molybdenum,  are  much  lees 
fusible  than  the  unoombined  metals.  Tetroxide  of  osmium,  trioxide  of  arsenic  and 
dioxide  of  tellurium  are  readily  volatile. 

A  greater  or  lees  degree  of  heat  effects  the  decomposition  of  many  metallic  oxides. 
Those  of  gold,  platinum,  sQver,  and  mercury  are  reduced  to  the  resuline  state  by  an  inci- 
pient red  heat  At  a  somewhat  higher  temperature,  the  peroxides  of  barium,  cobalt,  nickel 
and  lead  are  reduced  to  the  state  of  protoxides;  whileuiethej-oxides  of  manganese  and 
iron  result  from  the  exposure  of  the  dioxide  and  trioxide  respectively  to  a  stul  stronger 
degree  of  heat.  Bv  gentle  ignition  arsenic  anhydride  is  reduced  to  the  state  of  arsen- 
ious anhydride,  and  chromic  anhydride  to  the  state  of  trioxide  of  chromium. 

The  superior  oxides  of  the  metals  are  readily  reduced  to  a  lower  state  of  oxidation 
by  treatment  with  a  current  of  hydrogen  gas  at  a  more  or  less  elevated  temperature. 
At  a  higher  desree  of  heat,  hydrogen  ^  will  transform  to  the  reguUne  state  all  metallic 
oxides  except  tne  trioxides  of  aluminium  and  chromium,  and  uie  protoxides  of  man- 
ganese, magnesium,  barium,  strontium,  calcium,  lithium,  sodium,  and  potassium.  The 
temperature  necessary  to  enable  hydrogen  to  effect  the  decomposition  of  some  oxides  is 
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eomparatiTely  low.  Thus  even  metallie  ixon  may  be  redneed  from  its  ozidae  hj  hydro- 
gen g«s  at  &  beat  oonnderabl^  below  rednesa,  00  as  to  fonn  an  iron  pTxophonu.  Carbon, 
at  a  red  or  white  heat^  is  a  stiU  more  powerful  deoxidating  agent  than  hydrogen,  and 
seems  to  be  capable  of  completely  reducing  all  metallic  oaddes  whatsoeyer.  In  the  re- 
duction of  metaUic  oxides  by  carbon  at  a  high  temperature,  carbonic  oxide  is  always 
produced,  the  reducing  power  of  which  gas  also  is  extremely  great.  The  oxidiaaJke 
vutaU  in  general  act  as  reducing  sflents.  As  a  rule,  the  more  basylons  metals,  when 
heated  with  the  oxides  of  lees  basylous  metals,  reduce  the  latter  to  the  reguline  state. 
Many  inferior  oxides,  cuprous  oxide  for  instance^  are  made  by  reducing  the  higher 
oxides  with  metaL 

With  the  exception  of  the  oxides  of  the  earth-metals,  chlorine  decomposes  aU  me- 
tallic oxidesy  uniting  with  the  metals  to  form  chlorides,  and  expelling  the  oxygen. 
With  oxide  of  silyer  this  reaction  takes  place  at  ordinary  temperatures;  with  the 
alkalis  and  alkaline  earths,  at  a  ftiU  red  heat  The  action  of  chlorine  upon  metallic 
hydrates  and  moist  metallic  oxides,  to  form  metaUic  chlorides  and  either  hypochlorites 
or  peroxides,  has  been  already  described. 

auifkur  at  an  elevated  temperature  can  decompose  most  metallie  oxides.  With 
many  oxides,  those  of  silyer,  mercury,  lead  and  copper,  for  instance,  metallic  sulphides 
and  sulphurous  anhydride  are  produced.  With  tne  highly  basylous  oxides,  the  pro- 
ducts are  metallie  sulphate  and  sulphide.  There  are  some  oxides  upon  whi<^  sulphur 
exerts  no  action.  Of  these  the  principal  are  magnesia,  alumina,  <mromic  oxide^  and 
the  stannic  and  titanic  anhydzioM.  By  boilii«  sulphur  with  soluble  hydrates,  mix- 
tures of  polysulphide  and  hyposulphite  are  proonced.  With  the  exception  of  masneeia, 
alumina,  and  chromic  oxide,  most  metallic  oxides  can  absorb  sulphuretted  hydrogen, 
to  form  metallic  sulphide  or  sulphydrate  and  water. 

Hie  action  oiphMpkonu  upon  metallic  oxides  is  yery  analogous  to  that  of  sulphur; 
it  usually  produces  a  mixture  of  phosphide  and  phosphate.  Luce  sulphur  it  does  not 
react  with  magnesia  or  alumina.  Boiled  with  the  soluble  alkalis  it  produces  phos- 
phoretted  hydrogen  and  a  hypophosphite. 

The  action  of  water  ana  acide  npon  metallie  oxides  has  been  already  considered 
(pp.  302-306).  Many  of  the  add  oxides  dissolye  in  water  to  a  greater  or  lees  extent, 
undergoing  aecomposition  and  forming  acid  solutions.  But  the  dioxides  of  tin, 
titanium,  zirconium,  and  tantalum,  and  the  trioxides  of  tellurium  and  tunssten,  may 
be  obtained  in  a  state  perfectly  insoluble  in  water.    (^OdUn^e  Manual  of  CMmtf^.) 

Peroxides  of  Organic  BadieUe. 

The  hydrates  and  oxides  of  basylous  or  positiye  organic  radides  formed  on  the 
n.HK)  haye  been  already  described  under  Alcohols  (i.  97)  and  Ethxbs  (ii.  608) ; 
the  hydrates  and  oxides  of  acid  or  negative  organic  radicles  formed  on  the  same 
type  are  described  under  Acms  (L  89),  and  Ajthtsbidis  (i  293).  We  haye  here 
to  describe  certain  peroxides  of  add  organic  radicles  reoenUy  disooyered  by  Br o die 
{Vtoc  Boj.  Soc.  ix.  361,  xii  665;  PhiL  Trans.  1864,  p.  407;  Chem.  Soc.  J.  xyiL 
266).    The  following  haye  been  obtained : — 

Peroxide  of  Acetyl      .        .        .        C*H«0«  -     (C«HK))«.0« 

Peroxide  of  Butyiyl  . 
Peroxide  of  Yaleryl  . 
Peroxide  of  Benzoyl  . 
Peroxide  of  Nitrobenzoyl 

■         ~  "  .        C*H*0*  »     (C"H"0)«.0*" 

C"H'«0»  »     C"H'«0».0». 


Peroxide  of  Cuminyl 
Peroxide  of  Camphoryl 


C»H'K)«  -  (OH'0)«.0« 

C«»H»«0«  -  (C»fl»0)».0« 

C"H»»0*  n  ((rH»0)«.0» 

C><H^NO«)«0*  -  [CH*(NO«)0]«.0« 


These  organic  peroxides  are  produced  by  the  action  of  peroxide  of  barium  on  the 
dilorides  or  oxides  (anhydrides)  of  the  seyeral  add  radides.  In  their  chemical  rela- 
tions they  are  the  analogues  of  peroxide  of  hydrogen  and  of  chlorine. 

The  formula  just  giyen  express  their  composition  in  the  free  state ;  the  first  six, 
which  contain  monatomic  radides,  might  all  be  halyed,  but  the  half-formulffi  would 
contain  uneyen  numbers  of  hydr^n-atoms  and  cannot  therefore  be  admitted  fbr  the 
isolated  compounds :  these  half-molecules»  howeyer,  like  the  single  atom  of  chlorine, 
may  exist  in  combination  with  hydrogen,  producing  the  corresponding  adds ;  thus : — 

Free  eblorioe.  Hjrdrochloric  add. 

aci.  HCl. 

Free  peroxide  of  Acetic  add. 

acetyl. 

C*RH>*.  H.C«H»0«. 

Peroxide  of  Acetyl,  G*H'(y,  is  prepared  by  dissolying  acetic  anhydride  in  pure 
ether,  and  gradually  adding  an  equiyalent  quantity  of  pure  peroxide  of  barium : 

2C*H«0»     +     Ba''0«      «      C^H-Ba^O*     +     C^HK)*. 


aio  oxYGja^. 

It8  prepantion  and  properties  hare  alieadj  been  deecribed  (i.  36).  When  dry  it  ig 
▼iolently  ezploave  and  must  be  handled  with  the  greatest  caution.  It  is  a  poweifbi 
oxidinng  agent,  like  peroxide  of  hjdiogen,  bat  is  distin^ished  from  that  componnd  by 
not  reducing  diromie  or  penaanganic  acid  in  add  solution. 

Peroxide  ofButyryl^  G*H**0^  is  easily  prepared  by  careMIy  micng  bntjrie 
anhydride  with  an  equiyfdent  quantity  of  hydrated  peroxide  of  barinm  (till  a  drop  of 
the  mixture,  acidulated  with  hydrochloric  acid,  giyes  a  faint  bine  colour  with  dilute 
solution  of  acid  chromate  of  pot4iS6ium),  stiiring  up  the  mass  with  a  little  water,  and 
agitating  with  ether.  The  ethereal  solution  washed  with  dilute  hydrochloric  acid, 
carbonate  of  sodium,'  and  water,  and  left  to  eyaporate,  leayes  the  peroxide  of  butyryl  as 
an  oily  body  only  slightly  soluble  in  water ;  it  most  be  dried  with  chloride  of  calcium. 
It  decom^es  with  sught  explosion  when  heated,  and  when  suspended  in  water  exerts 
an  oxidismg  action,  like  the  acetyl-compotmd. 

Peroxide  of  Valeryl,  C'?H'*0^  prepared  in  like  nuumer,  is  a  heavy  oily  liquid, 
poflsessing  similar  properties. 

Peroxide  of  Benao^l,  G'*H**0\  is  prepared  by  graduaUy  mixing  pure  hydrated 
penudde  of  baiinm  (piwnonsly  dried  by  pressnre  between  bibulous  paper)  in  a  mortar 
with  an  eqniyalent  quantity  of  chloride  of  benaoyl ;  mixinff  the  mass  ^ler  some  hours 
with  water ;  washing  it  on  a  filter  with  water  to  remoye  chloride  of  barium,  then  with 
earbonate  of  sodium  to  remoye  benaoic  acid ;  drying  the  product  under  the  air^pump^ 
and  crystallising  it  seyeral  times  from  sulphide  of  carbon,  which  must  not  be  heated 
aboye  86*^.  The  quantity  thus  obUined  amounts  to  about  88  per  cent,  of  the  benaoio 
chloride  vsad.  Excess  of  water  diminishes  the  product.  It  is  necessary,  howeyer,  to  use 
hydrated  peroxide  of  barium,  because  the  anhydrous  peroxide  does  not  act  njpon 
benzoic  anhydride,  or  chloride  of  benioyl  dissolyed  in  ether,  eyen  at  100°.  The 
quantity  of  the  product  is  also  diminished  by  the  presence  of  peroxide  of  barium  in 
excess,  inasmuch  as  this  body,  in  presence  of  water,  destroys  the  peroxide  of  benaoyl, 
exerting  a  reaction  exactly  opposite  to  that  by  which  it  was  produced :  thus. 

Formation:    2C^K)a     +     BaO«      »      BaOT     +     (C^»0)*0*. 
Bensoic  B«nsoic  per- 

diloride.  oxfde. 

Decomposition:    (C»H»0)«0»     +     BaO«      «       (C»H»0)*Ba''0«     +     0«. 

Ben  sole  per*  Benaoate  of 

oxide.  btfiuiB. 

Peroxide  of  bensoyl  may  be  obtained  in  large  splendid  crystals,  belonging  to  the 
trimetric  system,  and  exhibiting  the  combination  odP  .  oP  .  P  .  Pfx>  .  i  Poo  .  ^  Poo . 
Inclination  of  the  feces.  Poo  :  oP  -  UC®  36';  ooP:  ooP  =  116«>  41';  J  f  oo  : 
JPoo  »  12io  39';  i  Poo  :  JPoo  -m  US^  30';  too  :  too  over  the  principal  axis 
=:  IIS^'  12';  P  :  P  in  the  brachydiagonal  terminal  edge  »  131^  4';  in  the 
macrodiaffonal  terminal  edge  »  97°  36';  at  the  base  »  102°  11'.     (MuMer.) 

Peroxide  of  benzoyl  melts  at  103'5°  (only  veiy  small  quantities,  howeyer,  can  be 
melted  without  decomposition) ;  it  dissolves  readily  in  ether  and  benzene,  and  in  89*5 
pts.  sulphide  of  carbon  at  15®.  It  is  decomposed  by  boiling  potash-ley  with  eyolution 
of  oxygen,  and  formation  of  potassic  benzoate.  When  heated  alone  it  decomposes  with 
slight  explosion ;  if  mixed  with  sand,  it  giyes  off  carbonic  anhydride  (nearly  18  per 
cent.),  at  about  85°,  leaving  a  resinous  substance. 

Peroxide  ofNitrobeneoyl^  C'*H*(NO')K)\  is  precipitated  on  adding  water  to  a 
solution  of  bexizoic  peroxide  in  a  larse  excess  of  fuming  nitric  acid,  and  remains,  on 
evaporation  of  its  solution,  in  sulphide  of  carbon,  as  a  Ught  yellow  substance  which 
decomposes  with  slight  explosion  when  heated. 

Peroxide  of  Cuminyl,  C*H^^,  is  prepared  like  the  benzoyl-compound,  and 
crystallises  from  etiier  in  long  needles^  whicn  explode  when  heated,  leaving  a  resinous 
substance. 

Peroxides  of  Diatomic  Acid  Badicles,  The  anhydrides  of  dibasic  acids 
treated  with  peroxide  of  barium  form  easily  decomposible  compounds  which  may  be 
reffarded  as  uie  perolides  of  diatomic  radicles.  When  succinic  anhydride  is  gradually 
mixed  with  peroxide  of  barium  and  a  little  water,  an  evolution  of  oxygen  soon  takes 
place,  and  an  alkaline  liquid  is  fbrmed  which  does  not  contain  any  succinate  of  barium, 
but  possesses  strong  oxidising  properties,  though  it  contains  no  peroxide  of  hydrogen, 
as  it  does  not  decolorise  permanganic  acid  or  form  a  blue  colour  with  acid  chromate 
of  potassium  (as  is  the  ease  with  a  mixture  of  barium-peroxide  and  succinic  acid). 
The  solution  bleaches  indigo,  precipitates  manganic  peroxide  from  manganous  acetate, 
oxidises  ferrocyanide  of  potassium,  eliminates  chlorine  from  hydrochloric  add  when 
heated  with  it,  and  is  resolved  by  boiline  into  free  oxygen  and  succinate  of  barium. 
With  lactide  a  solution  is  formed  possessing  similar  propertiesy  but  still  moro  decom 
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posible.  HSxnn  permanent  ia  the  alkaline  strongly  oxidiainj^  aolntion  obtained  bjr 
satnnting  1  at  ommpkoric  anhydride  ia  a  weU-ooded  Teesel,  with  1  at.  barinm-petozide 
and  water.  This  solution  appears  to  contain  the  barium-salt  of  eamphorie  peroxide 
C"H>*Ba"0*,  formed  by  the  direct  nnion  of  camphoric  anhydride  G'^H'^0"  with 
biirinm*peroxide  BaO',  and  not  a  camphorate  of  barivm-perozide;  for  it  does  not 
yield  peroxide  of  hydrogen  with  acids^  or  bariom-peroxide  with  alkalis. 


KOTimr  AWB  aSTIMATXOV  OV.  Oxygen  in  the  pure 
Btate^  is  easily  distinguished  from  all  other  gases  by  the  facility  with  wmch  it  supports 
combustion ;  a  taper  or  a  piece  of  wood  immened  in  it  with  only  a  single  point  in  a  state 
of  ignition  bursts  instantly  into  flame.  This  effect  is  not  produoea  by  any  other  gas 
except  nitrous  oxidc^  which  acts  like  diluted  oxygen,  rekindling  the  taper  only  when 
the  wick  is  still  in  a  state  of  Tiyid  glow. 

In  gaseous  mixtures^  oxygen  may  be  detected,  and  its  quantity  estimated,  by  means 
of  a  solution  of  pvrocaUate  o/potauium,  which  absorbs  it  rapidly,  turning  black  at  the 
same  time ;  for  tne  details  of  the  method  see  Analysis  ov  Oasis  (i.  283).  A  solution 
of  ^alUe  or  tannic  acid  in  excess  of  potash  may  also  be  used ;  but  the  action  of  these 
solutions  is  muoh  slower.  Oxygen  is  also  absorbed  by  pkoBphorus,  potastimn, 
solutions  of  alkaUne  tuipkidet,  farouM  salts,  and  by  an  ammomacai  soUtUon  of  cuprous 
eUoride^  or  of  cuprous  sulphate  ;  but  none  of  these  reagents  ave  so  eonyouent  or  so 
exact  in  their  indications  as  pyiogallate  of  potassium. 

Oxygen  may  also  be  sepaiated  from  gaseous  mixtaies»  and  qnantitatiyely  estimated 
by  expuNrion  with  hydrogen,  the  yolume  of  oxygen  present  being  equal  to  a  third  of  the 
volume  of  gas  whioh  disappears,  supposing  of  oouzse  that  all  other  gases  which  can  unite 
either  with  the  oxygen  or  with  the  nydioj^n  haye  been  previously  removed  (L  286). 

The  amount  of  oxygen  in  solid  or  liquid  compounds  is  usually  estimated  by  differ- 
ence, after  all  the  other  elements  present  haye  been  determined  (see  A^iM'TSIs,  Oboaitic, 
L  239).  There  are  but  few  compounds  from  which  oxygen  can  be  separated  in  the 
free  state  by  the  action  of  heat  alone,  and  it  is  only  from  the  noble  metals  that  it  can 
be  oompletaLy  separated  in  this  way ;  but  the  usual  method  of  determining  the  oxygen 
in  metallic  oxides  is  by  isnition  in  an  atmosphere  of  hydn^n,  the  water  produced 
being  absorbed  by  ehloriae  of  calcium,  and  weighed. 

Active  ox^^en  or  osoue  is  disting^uished  from  ordinary  oxysen  by  its  more 
powerful  oxidising  pioj^erties.  The  reagent  usually  employed  for  detecting  its 
presence  in  the  air,  or  in  any  gaseous  mixture,  is  paper  covered  with  starch-paste 
containing  iodide  of  potassium,  which  when  moistened  quickly  assumes  a  blue  or 
violet  colour  in  contact  with  ozone. 

Starch-paper  impregnated  with  solution  of  potassium-iodide  of  known  strength  is 
also  used  for  detemuning  the  relative  quantities  of  ozone  in  the  air  in  different 
localities,  and  at  different  times^  the  amount  present  being  regarded  as  inversely  propor- 
tional to  the  time  of  exposure  required  to  produce  a  given  depth  of  tint.  ]3ut  the 
indications  thus  afforded  are  uncertain,  the  rapidity  of  the  action  beinff  modiflcMl  by 
various  circumstances,  as  by  the  temperature  and  humidity  of  the  air ;  moreover, 
the  paper  once  coloured  by  ozone  becomes  decolorised  again  by  continued  exposure, 
and  the  same  effects  of  coloration  and  subsequent  decoloration  may  be  produced  by 
other  gases  in  the  air,  chlorine,  the  oxides  of  nitrogen  for  example.  For  these  reasons, 
Houseau  prefers  litmus-paper,  slightly  reddened  and  impregnated  vrith  iodide  of 
potassium.  This  paper  turns  blue  in  presence  of  ozone,  the  coloration  arising  fh>m  the 
production  of  a  certain  quantity  of  potash  and  separation  of  iodine.  The  same 
change  of  colour  is  not  produced  by  any  other  gas  except  ammonia^  and  the  blueing 
produced  by  this  reagent  is  easily  mstinenished  from  that  arising  fiiom  the  action  of 
ozone,  inasmuch  as  it  is  likewise  produced  on  red  litmus-paper  not  containing  iodide 
of  potassium.  Chlorine,  bromine,  iodine^  nitrous  compounds  and  acetic  acid,  diange 
the  red  colour  of  the  prepared  paper  to  reddish  yellow. 

Andrews  estimates  the  quantity  of  ozone  contained  in  a  given  yolume  of  air  by 
passing  the  diy  air  through  a  bulb-apparatus  containing  solution  of  potassium-iodide, 
then  through  another  containing  strong  sulphuric  acid  to  absorb  the  water  carried 
away  fkom  the  first  solution.  The  increase  of  weight  of  the  two  apparatus  gives 
the  quantity  of  ocone  absorbed,  and  on  determining  the  quantity  of  iodine  set  ftee, 
acooraing  to  Bunsen's  method  (i  266),  it  is  found  that  the  quantity  of  oxygen 
equivalent  to  the  iodine  thus  liberated  is  exactly  equal  to  that  of  tne  ozone  absorbed 
(p.  301). 


AUfmc  weight  of  Oxygen, — ^The  proportion  between  the  atomie  wrig^  of  oxygen  and 
hydioesn  is  determined  by  the  analysis  and  synthesis  of  water.  The  most  exact 
method  oonsists  in  passing  perfectly  pure  hydrogen  gas  over  red-hot  oxide  of  copper, 
and  oomparing  the  loss  of  weight  which  this  oxide  sustains  with  that  of  the  water 
producecL    I^periments  made  in  this  manner  by  Berzelius  and  Dnlong(Aiin.  Ch* 
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Phys.  Izv.  886),  sabseqneDtJy  with  greater  ezactnen  by  Dumas  and  Stas  (Add.  Cfa. 
Fhy8«  [3]  Tiii.  189^  and  by  £rdmanii  and  Marchand  (J.  pr.  Ohem.  zItL  461^  concnr 
in  showing  that  water  is  composed  of  1  pt  by  weight  of  hydrogen  and  8  of  oxygen  (iii. 
195),  and  therefore,  that  if  the  atomic  weight  of  hydrogen  be  tSktn  as  the  onit,  and  the 
composition  of  water  be  represented  by  the  formnla  H*0,  the  atomic  weight  of  oxygen 
is  16.  The  reasons  for  regarding  water  as  HH),  and  not  as  HO,  have  been  folly  dis- 
cussed in  the  article  Atomic  Wbiohts  (i.  461). 

OXTOWATSII  VTJLTMEU  Water  holding  peroxide  of  hydrogen  in  solution 
(iii  197).  Schonbein  (J.  Pharm.  [4]  L  76;  BuU.  Soc  Chim.  1865,  i.  69)  detects 
the  presence  of  peroxide  of  hydrogen  in  water  by  its  power  of  conyerting  the  protoxides 
of  lead,  nickel  and  a  few  other  metals  into  peroxides,  and  the  decomposition  of  potas- 
sium-iodide by  those  peroxides  in  presence  of  an  add.  The  liquid  to  be  tested  Inying 
been  rendered  alkaline  by  a  little  potash,  a  small  quantity  of  a  lead-salt  is  added  (not 
in  excess)  and  then  iodide  of  potassium  mixed  with  starch.  If  then,  on  adding  an  acid, 
a  blue  colour  is  produced,  the  presence  of  peroxide  of  lead,  and  consequently  of  peroxide 
of  hydrogen,  in  the  original  liquid  may  be  inferred. 

oaCTCMSoin.  A  name  applied  by  J)  u  f  1  o  s  to  those  non-metaUic  elements  which 
in  their  chemical  relations  exhioit  a  certain  resemblance  to  oxygen,  yiz.  bromine^ 
chlorine,  fluorine,  iodine,  selenium  and  sulphur. 

OZTQVAVZn.  A  substance  produced  by  the  action  of  permanganate  of  potas- 
sium on  guanine  dissolyed  in  caustic  soda.    (See  Ouakihs,  ii.  952.) 

OXHaUMMlO  £LCtn.  C«HiH>".  (A.  Beyer,  Ann.  Ch. Pharm.  cxxd.  853.)— 
When  glucose  is  treated  with  cupric  oxide  and  potash  for  the  preparation  of  Reichardt's 
gummic  acid  (ii.  956),  the  resulting  liquid  precipitated  with  chloride  of  barium  after 
being;  rendered  slighUy  alkaline  by  ammonia,  and  the  precipitated  gummate  of  barium 
dried  oyer  the  wtfter^bath,  part  of  it  is  oonyerted  by  oxidation  into  oxygommate  and 
carbonate  of  barium : 

C«H'«0»*     +     0»      -      C*H"0"     +     2C0« 
Oammie  add.  Oxygammle 

acid. 

The  barium-salt  treated  with  sulphuric  acid  yields  a  solution,  from  which  oxygommio 
add  may  be  obtained  in  shining  needles  soluble  in  water  and  aloohoL  The  solutions 
are  strongly  acid.  The  crystals  dried  in  the  air,  or  oyer  sulphuric  acid,  giye  off 
water  and  leaye  a  white  powder  soluble  in  water.  Heated  aboye  180^  the  add  decom- 
poses with  intumescence,  giring  off  pungent  aromatie  yaponrs  and  leaying  an  aeid  ear- 
boDaceous  residue. 

Oxygummic  add  is  tetrabasie.  The  hariwn-$alt^  C*H'Ba''0",  is  a  bulky  predpitate 
which  soon  becomes  crystalline ;  it  dissolyes  sparingly  in  water,  easily  in  bydrochlorie 
add,  and  giyes  off  a  little  water  at  IWP,  The  silver-salt,  OH'Ag^O'*.  is  a  white  pred- 
pitate sparingly  soluble  in  acetic  add,  less  sendtiye  to  light  than  the  gummate.  At 
100^  it  deflagrates  like  oxalate  of  silrer. 

OXTBXVPintZO  ACI]>.  OlS*lS0\ — This  is  probably  the  composition  of  an 
easily  soluble  add  produced  by  boiling  the  aqueous  solution  of  diasohippuric  add, 
CH^'O'  (the  product  of  the  action  of  nitrous  add  on  amido-hippunc  add,  iii. 
160).     (P.  Griess,  Jahresb.  1862,  p.  260.) 

OZTHTBSOOBV  B&O'WXVB.  See  Blowfifb  (i  616).— Deyille  and 
D  e  b  ray  (Ann.  Ch.  Phys.  [8]  M.  385)  employ  the  oxyhydrogen  blowpipe  in  the  following 
manner  for  effecting  the  nision  of  platinum  and  the  r^Eractory  metius  which  accompany 
it.  The  apparatus  condsts  of  the  blowpipe  C  (fig.  733),  a  fimiaoe  ABD,  and  a  crucible 
GHL  The  blowpipe  is  composed  of  a  copper  tube  about  half  an  inch  in  diameter,  ter- 
minating below  in  a  slightly  conical  platinum  jet  about  1(  inch  long. '  Within  this 
tube,  which  is  supplied  with  hydrogen  or  coal  gas  throueh  the  stop-cock  i7,  is  a  second 
copper  tube  C  for  suppMng  oxygen,  terminated  also  by  a  platinum  nozale  with  an 
aperture  of  about  a  twemh  of  an  inch  in  diameter. 

The  fiirnace  ABB  consists  of  three  pieces  of  well-burnt  lime  of  slightly  hydraulic 
quality,  which  may^  be  turned  at  a  lathe  with  ease.  The  cylinder  A  is  about  2} 
inches  thick,  and  is  perforated  by  a  slightly  conical  hole  into  which  the  blowpipe 
fits  accurately,  passing  about  half-wa^  through  the  thickness  of  the  mass.  A  second 
somewhat  deeper  cylinder  of  Ume  B,  is  hollowed  ioto  a  chamber  wide  enough  to  admit 
the  cnidble,  and  leaye  an  interral  of  not  more  than  a  sixth  of  an  inch  dear  around 
it.     KK  are  four  apertures  for  the  escape  of  the  products  of  combustion. 

The  outer  emdble  HH  is  also  made  of  lime,  but  it  contains  a  smaller  crudble  I  of 
gas-coke,  proyided  with  a  coyer  of  the  same  material ;  and  in  this  the  substance  to  be 
fused  is  ^aced,  the  crudble  resting  on  the  lime  support  D'.  The  eonieal  coyer  G  is 
made  of  hme,  and  its  apex  should  be  placed  exactly  under  the  blowpipe  jet^  at  a  distance 
from  it  of  }  to  1^  inch. 
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The  diflorent  pieces  of  the  fnnu««  mart  ba  bonncl  roimd  with  iran  win  to  npport 

them  irtUD  the;  cnuk.     The  oifgiiD  a  admitted  under  a  premnni  of  a  oolnmn  of  16 

inches  of  water.     The  lempenlure  ii 

Fig.  733.  gradiuJI;  niaed  tu  the  mazimam.  and  in 

about  eight  lainntM  frDin  thii  time  the 

operation  is  complete. 

Bj  emploTing  a  jat  of  miied  cool-gai 
and  oxygen  (EQ,  fig.  731)  Id  a  Inroaceor 

rig.  734. 


liin*,  Derille  and  Debray  eueceeded,  at 
BO  ezpensa  of  about  43  cubic  feet  of 
ongen,  in  melting  uid  ndDLng  in  42 
mmutei,  2B-i  lbs.  avoiidapoia  of  plati- 
nnm,  and  casting  it  into  an  ingot  in  a 
mould  of  gas-coke  ;  and  rnuen  larger 
mi>sif<  have  sines  been  melted  b;  this 
method.  Lime  is  lo  bad  a  eondactor 
of  heat  that  if  a  cup  of  lime  not  mora 
than  0-8  inch  thick  be  filled  with  melted 
platinnmi  the  exterior  Bcaioelj  rises  be- 
jrood  300°  F.  {Miila't  EUmmti  qf  Chemilry,  3rd  ed.  pt.  u.  p.  82S.) 
OXT-ZOBIO  AOIB.    SjiL  vith  Pbbiodic  Acid. 

OXIXSSATXOW.  A  term  ap^ed  b;  Schonbein  (Fogg.  Ann.  1"^  S20)tothe 
oxidising  action  of  aitrotu  acid,  aitnc  iKid,  &e.,  at  ordinary  temperaturee.  He  supposes 
that  pact  of  the  oijgen  in  thne  bodies  is  in  a  peculiar  actire  state  (combined  ozone 
in  fact),  and  calls  it  "  oijlised  oxygen." 

)  AOZD.    Sjn.  with  PtiKFinuK. 

ZS,    A  name  applied  by  Eolbe  (Ann.  Ch. 
Fhann.  cxxrii  UO)  to  glycollie  add,  regarded  as  BO,  t^|^(  [CO'']0. 
0&  ■  MwrMT^^^rajwruT^-wuomwMotmnm.    (See  Phosphobcs-buu.) 

OKSSIOmrmZHB.  AccordingtoSchiitEenberger(Ann.  Ch.Pharm.cvii.346t, 
morphine  (CH'tfO*)  treated  with  nittoDS  add  yields  three  basic  products  to  which 
he  assigns  the  formnliB,  C"H"NO';  CH'iKO'.H'O;  and  C'*H"NO*. 

OnXAVKTSAIiXO  &OZS,  C'^'O'.— This  compound  has  not  benn  actnallj 
obtained,  bat  two  chlorinated  adds  are  known  which  may  be  regarded  as  derirBtiTes 
of  it,  namely,  chloroiynapbthalic  acid  C"H*C10*,  and  perohloroxynaph- 
thalicacidC'*HCl*0*.  These  adds  are  produced  by  the  action  of  potash  ou  the  cor- 
reaponding  chlorides  (nd  inf.).  Aliiarin  has  the  oompodtion  of  oiyDaphthalic  add. 
bnt  it  is  not  produced  by  the  aetioB  of  sodium-amalgam  or  of  the  electne  canent  on 
chloroxynaphtbalic  acid. 

CkloroxynapAtialie  acid,  C'E'CIC,  also  called  cUonmaphlkuu  tui  eilortf 
K^htialie  acid,  has  been  already  described  under  the  lart  name  (p.  11). 

PtrehlorexynapiHtalic  acid,  CHCVO',  CUoride  of  perchlonaynaphlhyl 
treated  with  potash  is  immediately  couTerted  into  a  crimson  aubetance  from  which 
adds  separate  yellow  pcrchloroiynaphthalic  acid.  It  may  be  crystallised  from  ether, 
eon*erted  into  a  potasdum-ialt,  repredpitated  by  an  acid,  and  further  purified  by  crys- 
tallisation from  alcohol  or  etber.  In  contact  with  potash  or  ammonia  it  forms  red  or 
crimson  saltSi  iritieh  are  insoluble  in  cold  water,  but  appear  to  he  slightly  soluble  in 
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Ixnling  water.    Thej  may  be  obtained  in  the  aystaUine  foim  by  neutralunng  a  boiling 
alcoholic  solution  of  the  add  with  an  alkali    (Laurent,  Ber.  Scient  ziii  696.) 

oanrVAPHTBTK,  0HX>0SI1IS  OV.  The  chloride  corresponding  to  oxy- 
naphthaiie  acid  baa  not  been  obtained,  but  two  chlorinated  derirativefl  of  it^  being  the 
chlorides  corresponding  to  the  chloroxrnaphthalic  adds  just  described,  were  discovered 
by  Laurent  (Ann.  Ch.  Phya  [2]  Izxiy.  85 ;  Rev.  Sdent  ziii.  691).  They  are  formed 
by  the  action  of  nitric  add  on  certain  chlorinated  deriTatives  of  naphthalenei 

Chloride  of  Chloroxynaphthyl,  C"H<C1«0*  -  C«H*aO«.CL  Oxickhronaph^ 
talose,  Oxyde  de  ciUoroc^napJ&^Mtf.— Tetrachloride  of  chloronaphthalene  is  slowly  at- 
tacked by  boiling  nitric  add,  becoming  yellow  and  continually  more  fiisible.  If  the  action 
be  stopped  as  soon  as  the  yellow  substance  remains  on  cooling  in  the  form  of  a  rery  thidc 
oil,  a  solution  of  phthalic  add  is  obtained,  together  with  a  yisdd  yellow  oil  in  which  a 
yellow  pulyemlent  de^odt  forms  after  a  while.  The  separation  of  this  substance  may 
be  accelerated  by  pounng  ether  on  the  oil,  and  if  the  ethereal  solution  be  decanted  after 
a  day  or  two,  the  deposit  washed  on  a  filter  with  ether,  and  then  dissolved  in  a  large 
quantity  of  boiling  alcohol,  the  solution  depodts  on  cooling  needleHshaped  crystals  of 
chloride  of  ddorox^aphthyL 

This  compoond  is  yellow,  insoluble  in  water,  yery  slightly  soluble  in  alcohol  and 
ether,  whence  it  is  depodted  in  needles.  It  distils  without  alteration;  is  dissolved 
with  mahogany  colour  by  strong  sulphuric  acid ;  and  is  converted  by  nitric  add  into 
phthalic  acid.  An  alcoholic  solution  of  potash  colours  it  crimson,  and  decomposes  it 
into  chloride  and  chloroxynaphthalate  of  potasdum. 

Chloride  of  PerchloroxynaphthyL  C»*CTO'  =■  C"C1»0«.C1.  Oxyde  de 
chloroxinaphtalzee, — Produced  by  the  action  of  boiling  nitric  add  on  hexchloronaph> 
thalene.  The  action  is  very  slow,  requiring  three  or  four  days  boiling  to  complete  it ; 
but  ultimately  a  resinous  substance  is  obtained ;  which,  when  freed  from  a  little 
oily  matter  by  ether,  and  purified  by  one  or  two  crystallisations  from  boiling  petroleum, 
has  the  compodtion  of  chloride  of  perchloroxynapnthyl. 

This  substance  when  pure  forms  highly  lustrous  golden-yellow  scales.  It  is  insoluble 
in  tDoter  and  alcohol,  slightly  soluble  in  boiling  ether.  It  melts  at  a  somewhat  high  tern- 
perature  and  volatilises  in  great  part  without  alteration.  By  boiling  nitric  aad^  it  is 
probably  converted  into  trichlorophthalic  add.  Potash  and  ammonia  convert  it  into 
chloride  and  perchlorozynaphthatate. 

OSTVAVBTBTXAMXVa.  CH^NO.  Oxynaphihylidine,  Naphthameine, 
(Piria,  Ann.  Ch  Pharm.  Ixxviii.  41. — H.  Schiff,  ^d,  d.  90.) — ^A  base  produced 
by  the  action  of  various  oxidising  agents,  such  as  ferric,  auric,  mercuric^  stannic, 
or  dnc  diloride,  silver-nitrate,  or  chromic  add  on  naphthylamine.  The  violet  colour 
acquired  by  naphthylamine  and  its  salts,  as  well  as  by  the  thionaphthamates,  on 
exposure  to  the  air,  is  probably  due  to  the  formation  of  this  base.  According  to 
Gan  ahl  (Ann.  Ch.  Phann.  xdx.  240),  it  is  likewise  formed,  with  evolution  of  nitrogen, 
by  the  first  action  of  nitrous  add  on  naphthylamine  suspended  in  water. 

To  prepare  it,  hydrocblorate  of  naphthylamine  is  dissolved  in  alcohol,  the  solution 
diluted  with  water,  but  not  suffident  to  cause  turbidity,  and  while  the  whole  is  con- 
tinuously stirred,  aqueous  ferric  chloride  is  added,  drop  by  drop,  until  a  slight  excess 
is  present  The  whole  is  allowed  to  stand  for  an  hour  with  repeated  stirring,  and  the 
predpitate  is  then  collected,  and  washed,  first  with  water  till  the  wash-waters  cease  to 
become  turbid  with  nitrate  of  silver,  afterwards  with  alcohol,  and  then  dried  in  vacuo 
(Piria).  Schiff  adopts  the  same  method,  or  he  predpitates  sulphate  or  acetate  of 
naphthylamine  with  aqueous  chromic  add. 

Oxynaphthylamine  is  a  Hght^  amorphous,  dark  purple  powder  closely  resembling 
orcein.  When  moist^  it  has  a  peculiar  odour,  resembling  that  of  iodine,  espedally  if 
heated.  It  is  insoluble  in  footer,  also  in  amjnonia  and  caustic  potash.  It  dissolves 
sparingly  in  alcohol,  imparting  its  colour  to  the  liquid;  abundantly,  vnth  purple 
colour,  m  ether,  and  is  preapitated  from  the  solution  by  spontaneous  evapora- 
tion as  an  amorphous  powder.  It  dissolves  in  cold  sulphuric  acid,  forming  a  blue 
liquid  of  the  colour  of  indigo-solution,  and  is  precipitated  by  water  unchanged.  It 
dissolves  in  concentrated  acetic  acid  with  violet  colour ;  the  solution  is  not  predpitated 
by  water  or  by  tartaric  add,  but  oxynaphthylamine  is  precipitated  therefrom  by  most 
adds,  alkalis,  and  metallic  chlorides.     (Piria.) 

It  does  not  combine  with  acids  or  with  bases. 

It  melts  when  heated,  and  immediately  decomposes,  evolving  an  aromatic  vapour 
smelling  of  naphthylamine ;  and  finaUv  leaves  a  residue  of  difficultly  combustible  char- 
coal, which  however  may  be  completely  burned.  When  moist,  or  immersed  in  water,  it 
rapidly  becomes  violet ;  hence  it  is  difficult  to  obtain  the  dry  product  of  a  pure  blue 
colour. 

The  name  oxynaphthylamine  is  also  applied  byDusarttpa  weak  base,  probably 


OXYPARATARTARIC  ACID— OXTPHENIC  ACID.      315 

eontaiuing  C'*H"NO',  produced  by  the  actum  of  rednditt  vonti  ^n  nitnanriiaplithalic 
add  (p.  118). 

OXTPAMATAMTJkMlO  A0IB.    OHH)*     -      (G*HH>*r Vo*.    (Maxwell 

Simpson,  Piroe.  Boy.  Soc.  ziii.  44 ;— Boll.  Soe.  Cfaim.  iii  868.)— -This  acid,  homo- 
logous with  malic  acid  (C*H*0*),  and  related  to  paiatartario  add  in  the  same  manner 
as  malic  to  succinic  add,  is  prodoced  together  witn  ammonia  by  the  action  of  potash 

on  glycero-hydric  oxydicyanide  or  dicyanhydzin  ^^      [  q.s  $  the  cyanic  analogue  of 

dicfalorhydrin : 

Cra*Oqy«     +     2KH0     +     2H»0      -      Cra«K«0»     +     2NH». 

Prq^araHoH.-'^A  mixture  of  1  at  dichlorhydrin  and  2  at»  pure  potBssium-(7anide 
with  a  certain  quantity  of  alcohol  is  heated  to  100^  in  well  dosed  secUets-water  bottles 
for  twenty-four  hours,  by  which  time  the  whole  of  the  cyanide  of  potasdum  is  oonveited 
into  chloride.  The  contents  of  the  bottles  are  then  filtered ;  the  solution  containing  di- 
cyanhydrin  is  heated  with  sticks  of  potash  as  long  as  ammonia  continues  to  escape ;  and 
the  reddue^  after  being  freed  from  alcohol  by  distillation,  is  treated  with  nitric  add,  the 
excess  of  which  is  then  also  CTaporated  otL  On  treating  the  reddue  consisting  of 
potasdum-nitrate  and  oxyparatartaric  add  with  alcohol,  evaporating  the  filtrate,  redis- 
solving  the  strongly  coloured  reddue  in  hot  water  and  treatmg  it  with  chlorine,  then 
neutralising  the  whole,  cautiously  predpitating  a  third  of  the  add  with  silTer-nitrate, 
then  filtering,  and  precipitating  the  filtrate  eompletely  with  silyer-nitrate,  a  perfecUy 
colouriesB  sihrer-salt  is  obtained,  which,  irtien  decomposed  by  sulphydrio  add,  yields 
ozyparatartaric  add  as  a  colouriess  errstBlline  mass. 

Oxyparatartaric  add  has  a  pure  add  taste,  and  dissolves  in  water,  alcohol  and  ether. 
It  melts  at  about  186^,  and  decomposes  at  a  higher  temperature.  The  free  add  yields 
a  copious  white  predpitate  with  acetate  of  lead,  but  is  not  predpitated  by  lime-water. 
When  neutnliaed  by  an  alkali,  it  gives  a  white  predpitate  with  mercuric  chloride,  pale 
brown  with  ferric  chloride,  bluish-white  with  eupric  salts,  and  a  doud  with  chloride 
of  barium. 

Oxyparatartaric  add  is  dibadc,  the  formula  of  its  nlver-talt  being  OH'Ag'O*.  The 
ethylic  ether,  OH*(C>H*)'0*,  distils  between  295^  and  ZWP,  with  partial  decompodtion. 

The  reaction  by  which  this  add  is  obtained  would,  if  applied  to  each  of  the  cyanides 
derivable  from  diatomic  and  triatomic  alcohols,  yield  for  each  diatomic  alcohol  two, 
and  for  each  triatomic  alcohol  three  acids  of  different  degrees  of  badd^,  thus : 

DiatonUe  Mookol  {glycol), 

CyanUe.  Add. 

Glycolic  Gilor^drin  C*H»0C1         C«H»OCy        C«HW  lactic  (monobadc). 

Bichloride  of  Ethyiene        G^^Cl*  C*H'Cy'         OHH>«  succinic  (dibasic). 

Triatomic  Alcohol  (glyoorin), 

Cntnide.  Aoid. 

Chlorhydrin  .        0»H^0KI1        C*H-0«Cy  Ofl«»0«  (monobadc). 

Dichlorhydrin        .        C»HH)C1«        C^«OCy»  O»H«0*  oxypamtartaric  (dibadc), 

Trichlorhydrin       .        0«fl»CP  0«H»Cy»  C«H«0*  (tribadc). 

OXTVBBHZO  ACIB.  C*H*0'.  Pyrocatechin,  Pyromorintannic  acid,  (Beinsch, 
Bepert.  IxviiL  64. — ^Wackenroder,  Ann.  Ch.  Pharm.  xxxvii.  827. — ^Zwenger,  Und. 
xxxvii  827.— B.  Wagner,  J.  pr.  Chem.  Iii  460;  Iv.  66.— Eissfeldt^  ibid,  xcii  101. 
— ^Buchner,  ibid,  xcvi  186.) — ^A  substance  metameric  with  hydroquinone  (iii.  213), 
produced  by  the  dry  distillation  of  oatechin,  morintannic  add,  and  probably  also  of 
peucedanin  and  of  kino;  also  of  wood,  whence  it  is  found  in  wood-vinegar.  It 
does  not  occur  in  coal-tar.  According  to  Eissfeldt  and  Uloth  (Ann.  Ch.  Pharm. 
cxi.  216),  all  those  kinds  of  tannin  which  turn  ferric  salts  green,^.  a.  the  tannin  of 
KroTneria  triandra^  Tormentilla  erecta,  Polygonum  Bisiorta,  Vaccinium  ifyriiUus,  Pyrola 
umbeUata,  CaUuna  vulgaris,  Ledum  paluetre,  &&,  yield  oxyphenic  add  by  dry  distilla- 
tion, whereas  those  kinds  which  turn  ferric  salts  blue  (0.  .g  that  of  Arbutus  Uva  Ursi, 
and  of  Bhododendron  ferrugineum)  do  not  yield  it.  It  is  also  produced,  together  with 
carbonic  anhydride,  by  heating  oxysalicylic  acid  to  2100—212° :  C^H'O*  -  C0« 
+  C*H*0*,  a  certain  quantilr  of  the  metameric  body  hydroquinone  being  always 
formed  at  the  same  time.  lodophenvlic  add  treated  with  potash-ley  also  yidds  oxy- 
phenic acid.    (Lautemann,  Ann.  Ch.  Pharm.  cxx.  299.) 

Prntaration, — 1.  Catechin  or  catechu  is  introduced  into  a  capadous  retort  and 
quickly  heated  above  its  melting  point  till  it  chars ;  the  distillate  which  collects 
in  the  cooled  receiver  is  evaporat^  at  30°  till  crystals  form  on  the  surfifMie,  the  empy- 
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renmatic  oiU  whicli  become  reeiniBed  during  the  erapoiatioii  being  separated  by  filtra- 
tion; the  black-biown  crystalline  mass  which  forms  on  cooling  is  snblimed  (after 
pressure  between  paper,  according  to  WagnerV  a  large  quantity  of  liquid  then  passing 
over  at  firsts  whic&  also  yields  ozyphenic  add  pV  cTi^ration ;  and  the  sublimation  of 
the  crystals  is  repeated  three  or  four  times,  till  they  no  longer  become  coloured  on 
exposure  to  the  air  (Zwenger). — 2.  Crude  morintannic  acid  mixed  with  an  equal 
quantity  of  sand  is  heated  in  a  retort  OTcr  a  moderate  fire;  and  the  distillate,  which 
solidifies  on  cooling,  is  freed  from  oil  containing  phenol  by  pressure  between  paper, 
and  purified  by  sublimation  and  recrystaUisation  from  water  (Wagner). — 3.^  Mal- 
abar kino  or  butea-kino  yields  by  dry  distillation  a  clear  wateiy  liquid  smelline  of 
creosote,  and  leaying;  after  separation  from  empyreumatic  oil,  and  eyaporation,  a  black 
crystalline  mass,  which  when  sublimed,  yields  oxyphenicacid  in  thin  colourless  laminae, 
and  sometimes  in  riiombic  prisms.  From  malabar  kino  (but  not  from  butea-kino), 
a  small  quantity  of  oxyphenic  add  may  also  be  obtained  by  extraction  with  ether 
and  eraporation,— or  by  predpitatinff  the  aqueous  extract  with  acetate  of  lead,  decom- 
posing tne  lead  predpitate  wiu  sulphuretted  hydrogen,  evaporating,  and  digesting  the 
residue  in  etiher  (Eissfeldt). — i.  Crude  wood-Wnegar  evaporated  to  a  syrup  is 
shaken  up  with  a  saturated  solution  of  common  salt;  the  liquid  sepsxated  from  the 
tany  matter  is  agitated  with  ether ;  the  ethereal  liquid  separated  from  the  saline  solution 
and  the  ether  distilled  off;  and  the  residue  (containing  oxyphenic  add,  acetic  add  and 
tar-oil)  distilled  in  a  stream  of  carbonic  anhyoride,  whereupon  acetic  add  passes  over  firsts 
then  oxyphenic  add  and  tar-oil,  then  a  brown  Tisdd  oil.  The  middle  portion  of  the 
i^MfnlVi^  which  must  be  collected  apart,  solidifies  on  cooling  in  a  reddish-yellow  oys- 
talline  pulp,  which,  when  pressed  between  bibulous  paper  and  sublimed  in  a  stream  of 
carbonic  anhydride^  yields  colourless  o^phenic  add.  Or  better :  The  wood-vinegar  is 
shaken  up  with  ether  without  previous  evaporation ;  the  remdua  obtained  from  tha 
ethereal  uquid  by  distilling  off  the  ether  is  shaken  up  with  a  saturated  solution  of  com- 
mon salt;  the  siuine  solution,  after  separation  from  the  oil,  again  shaken  up  with  ether; 
the  ether  distilled  off;  and  the  reddue  also  subjected  to  distillation :  a  liquid  is  then  ob- 
tained, which,  on  cooling,  yields  tolerably  pure  oystals  of  oxyphenic  add.  (Buchner.) 

IVvpsrties. — Oxyphenic  add  forms  broad,  white^  strongly  snininglamine  resembling 
benzoic  add,  and  rhombic  prisms  (Zwenger).  SmaU  shining  rectangular  prisms 
belonging  to  the  trimetric  system ;  beveUed  with  two  &oes  resting  on  the  acute  lateral 
edges  at  an  angle  of  116^  (Wagner  and  Neumann!  It  melts  at  116°,  and 
sublimes  even  at  a  lower  temperature  (Zwenger);  melts,  after  dryings  between 
110<>  and  115^,  and  volatilises  gradually  at  180^  (between  60^  and  60^  according  to 
Wagner);  melts  at  111°  or  112^ ;  when  perfectly  dry,  and  volatilises  even  at  ordinary 
temperatures  (Eissfeldt^;  melts  at  111^,  and  volatilises  at  the  melting  point, 
sublimine  in  shining  laminse  (Buchner).  Boils  between  240^  and  246^  (between 
240°  and  260°,  aocorain^  to  Wagner),  and  yidds  colourless  vapours  which  condense 
into  a  quickly  crystallising  oil  (Wagner).  The  vapours  have  a  pungent  odour  and 
exdte  coughing.  It  has  a  bitter  taste  and  scarcely  reddens  litmus.  Mixed  with  hydro- 
chloric acid,  it  colours  fir-wood  violet,  the  colouring  being  stronger  as  the  oxyphenic 
add  is  more  free  from  phenoL    (Wagner.) 

Oxyphenic  add  dissolves  readily  in  toater  ;  also  inoUof  vitriol  and  hydroehlorie  acid, 
veiy  readily  in  alooholj  and  very  readily  according  to  Zwenger,  but  with  difficulty 
according  to  Buchner,  in  ether. 

It  quickly  absorbs  ommomacal  gas,  and  gives  it  off  again  in  vacuo  or  at  100°. 
(Zwenger.) 

Its  aqueous  solution  forms,  with  neutral  aoetaie  of  lead,  a  thick  white  predpitate^ 
CH^Pb^O*,  which  is  permanent  in  the  air,  nearly  insoluble  in  water,  but  dissolves 
very  readily  in  acetic  add.  When  dried  in  the  cold,  it  appears  greenish-white,  but 
brownish  when  dried  at  100°. 

The  aqueous  solution  of -p3rrocatechin  does  not  colour /(!rra««  salte;  it  colours /^mb 
salts  dark  green  and  then  forms  a  black  predpitate ;  the  dark  green  colour  is  changed 
by  alkalis,  even  in  very  dilute  solutions,  to  a  beautiful  violet-red  like  that  of  perman- 
ganate of  potasdum,  and  the  green  colour  is  restored  by  adds. 

It  does  not  predpitate  gdoHn,  or  the  salts  of  quinine. 

Decompositions. — 1.  Oxyphenic  add  turns  yellow  when  heated,  and  becomes  somewhat 
richer  in  carbon.  It  slso  leaves  a  slight  black  reddue  when  sublimed.  This  reddue 
boiled  with  water,  leaves  an  empyreumatic  resin,  and  yields  a  brown  decoction ;  on 
evaporating  this  liquid,  a  black  film  forms  on  the  sur£fu:e  and  a  brown-black  reddue  is 
left — 2.  It  bums  with  a  bright  fiame. — 3.  Its  aqueous  solution  turns  reddish  in  con- 
tact with  the  otV,  and  may  be  evaporated  without  decompodtion. — 4.  It  is  rapidly 
decomposed  by  chlorate  of  potassium  and  hydrochloric  add,  yidding  perehloroquinone. 
— 5.  Nitric  aad  acts  upon  it  with  violence,  evolving  red  vapours.  The  products  of  this 
reaction  are  oxalic  acid  and  traces  of  a  yellow  nitro-add,  probably  oxypnenic  add. — 6. 
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With  aqueonfl  ekloride  of  lime  or  acid  chromate  of  potauium,  it  forms  a  black  Uqaid 
and  a  black  precipitate. — 7.  With  aqneous  cauatie  alkaHs  or  alkalirte  carbonates  it 
forms  a  mixture  wnich  is  yellow  at  first,  then  becomes  greenish-jellow,  and  bstly 
black.  The  aqueous  solution  of  oxyphenio  add  produces  a  greenish  precipitate  with 
silver  solution,  the  silyer  being  partly  reduced,  and  a  dark  brown  precipitate  with  sol- 
ution otffold.  To  platinie  duioride  it  ^^raduaUy  imparts  a  green  colour  and  then  forms 
a  greenish-brown  precipitate.  According  to  Wagner,  it  easily  reduces  silver  nitrate, 
auric  chloride  and  plaHnic  chloride;  ancf  at  a  boiling  heat,  cuprie  stdpkate  or  acetate 
mixed  with  potash;  it  also  impiurts  a  brown  colour  to  cuprie  acetate,  and  then 
farms  a  black-brown  precipitate.    It  is  not  altered  by  sulphurous  acid.    (Wagner.) 

Acetoxyphenie  acid,  C*H*(C'il*0)*0*,  is  produced  by  the  action  of  chloride  of 
acetyl  on  oxyphenic  add.  It  is  easily  fhsible,  insoluble  in  water,  but  soluble  in 
alcohol,  whence  it  crystallises  in  needles.  It  does  not  eyen  colour  iron-salts.  (Nachbaur, 
Ann.  Ch.  Pharm.  cyii  243.) 

Bensoxyphenic  acid,  O'BHCnS^^fO^,  is  obtained  in  like  manner  as  a  yisdd 
mass  which  solidifies  in  the  crystiuline  state  after  a  few  days.  It  is  insoluble  in  water, 
easily  soluble  in  alkalis  and  in  alcohol,  and  crystallises  ftom  the  latter  in  fdnnel-shaped 
masses  of  rtiombic  crystals.    The  solution  colours  iron-salts  green .    (N  a  c  h  b  a u  r.) 

onVKBinnb-SinbVBVSZO  JLOD.  C*H*S0«.— This  add  is  formed,  with 
eyolution  of  nitrogen,  when  the  aqueous  solution  of  diasophenyl-sulphuric  acid, 
CH^N'SO*,  is  heated  aboye  GO^.  Its  silyei^salt,  C«H>AgSO^  oystallises  in  small 
needles.    (B.  Schmitt,  Ann.  Ch.  Pharm.  cxii.  118.) 

qiLUPauCMIIAWnr.    8ee  Phugbdaxik. 


EOmVBniO  AOZll.    A  nitro-add  produced  by  the  action  of  nitric  acid 
on  euxanthone  (ii.  610). 

oaCT»IOBZO  ACIB.  *  OHn!P0«  -  C«H»(NO^«.— iSSfj^pAnw  acid  (from 
(Tru^rtft,  astringent).  Artpicial  bitter  or  artificial  tannin  of  Brasil  tooodsxtract, — This 
add,  which  diners  from  picric  or  trinitrophenic  add  by  1  at  oxygen,  is  produced  by 
the  prolonged  action  of  nitric  add  at  the  boiling  heat  on  extract  of  Brazil  wood, 
euxanthone,  gum-ammonium,  asafotida,  galbanum,  sagapenum,  or  the  aqueous  extract 
of  fustic  or  sandal-wood.  It  was  first  obtained  in  an  impure  state  by  Cheyreul  in 
1858  (Ann.  Ch.  Ixyi.  116;  IxxilL  43),  afterwards  in  the  pure  state  and  more  exactly 
inyestigated  by  Erdmann  in  1846  (J.  pr.  Chem.  xxxyii.  409;  xxxriii.  356),  and  a 
few  weeks  later  by  Bo  ttger  and  Will  (Ann.  Ch.  Pharm.  Iviii.  273). 

Preparation, — 1.  From  AsafoUida.  1  pt  of  asafoatida  in  lumps  of  the  size  of  a 
walnut  is  heated  to  a  temperature  between  70^  and  75^  in  a  wide  porcelain  basin,  with 
4  to  6  pts.  nitric  add  of  specific  grayity  1*2,  free  from  sulphuric  and  hydrochloric 
add ;  and,  after  the  resin  has  become  soft  and  dirided,  and  a  thick  froth  has  risen, — 
which  must  be  preyented  from  runnins  oyer  by  stirring — the  mass,  which  is  then 
lemon-coloured  and  yiscid,  is  kept,  together  with  the  surrounding  nitric  add  liquid,  at 
the  boiling  heat,  with  frec^uent  addition  of  fresh  add,  till  (in  5  or  6  hours)  it  is  com- 
pletely dissolyed ;  after  which  the  dark  red-brown  solution  is  eyaporated  nearly  to  a  syrup 
and  mixed  with  a  small  quantity  of  water.  If  it  then  giyes  a  gteaey  resinous  predpltate, 
it  must  be  boiled  for  a  longer  time  with  nitric  add ;  but  if  it  giyes  a  yellowish  sandy 
predpitate,  it  must  be  carefully  eyaporated  to  a  thick  synip  to  driye  off  the  greater 
part  of  the  nitric  add ;  then  heated  to  the  boiling  point  with  a  tolerable  large  quantity 
of  water ;  mixed  with  carbonate  of  potasdum  as  long  as  effexrescence  ensues,  but  no 
longer  (so  as  not  to  redissolye  any  undecomposed  portion  of  the  resin  which  rises  to 
the  sur&ce  when  the  liquid  is  neutralised) ;  strained  through  grey  paper ;  eya|)orated ; 
and  left  to  crystallise.  The  mother>liquor  repeatedly  eyaporated  and  cooled  yields  an 
additional  quantity  of  crystals  of  impure  oxypicrate  of  potasdum,  till  at  last  nitrate  of 
potasdum  (but  no  oxalate)  separates  out  Tne  needle-shaped  crystals,  united  in  red- 
brown  crusts  and  nodules,  are  fireed  from  the  mother-liquor  by  draining  on  bibulous 
Saper,  twice  reoystallised  from  water,  with  addition  of  animal  charcoal,  and 
issolyed  in  the  smallest  possible  quantity  of  boiling  water ;  nitric  add  is  then  added; 
and  the  oxypicric  add,  which  separates  after  complete  cooling  as  a  yellowish-white 
powder,  or  in  fern-like  laminse,  is  collected  on  a  filter,  washed  seyeral  times  with 
cold  water,  and  after  thorough  drying,  recrystallised  f^m  boiling  absolute  alcohoL 
This  process  yields  3  per  cent  of  oxypicric  add.    (Bottger  and  Will) 

2.  From^  commercial  extract  of  Brazil  wood, — The  mode  of  preparation  is  similar  to 
the  preceding. 

84  From  Euxanthone  or  Euxanthie  ocid.^'theBe  substances  are  boiled  for  some  time 
with  nitric  acid  of  spedfic  gpntrity  1*31 ;  the  solution  eyaporated  oyer  the  water-bath, 
below  1 00^  towards  theend ;  the  sparingly  soluble  oxypicric  add  separated  from  the  oxalic 
acid  by  repeated  crystallisation,  and  £ssolyed  in  dilute  carbonate  of  ammonium ;  this 
solution  latuiated  while  warm  with  carbonate  of  ammonium,  whereby  the  oxyplcrate 
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of  ammoniaiD,  which  ia  insoluble  in  aqneoos  carbonate  of  ammonia^  ia  made  to 
crystallise  in  yellow  fonr-sided  prisms ;  these  crystals,  if  too  dark-coloured,  are  purified 
by  animal  charcoal ;  and  the  ozypicric  acid  is  separated  ftom  them  by  hydrochloric 
acid. 

4.  From  Peucedanin. — The  ozypicric  acid  obtained  by  treating  peuoedanin  with  warm 
nitric  acid,  is  mixed  with  potash  to  free  it  from  the  oxalic  acid  .which  is  abundantly 
mixed  with  it ;  the  oxypicrate  of  potassium  which  ciystallisee  out  is  washed  with  cold 
water;  its  solution  in  hot  water  is  precijpitated  by  a  lead-salt ;  and  the  add  separated 
from  the  precipitate.    ^Rothe,  J.  pr.  Cnem.  xIyi.  376.) 

Properties. — Oxypicnc  acid  crystallises  in  pale  yellow,  regular,  six-sided  prisma 
resembling  pyromorphite ;  they  grate  between  the  teeth,  melt  when  carefully  heated, 
and  solidSy  m  the  radiated  form  on  cooling.  It  has  a  slightly  rough  taste,  neither 
bitter  nor  sour,  but  reddens  litmus  strongly,  and  when  dissolved  in  alcohol, 
colours  the  skinj)ermanently  yellow.  It  dissolves,  with  yellow  colour,  in  104  pts.  of 
water  at  26^  (Erdmann);  in  88  pts.  at  62<>  (fiottger  and  Will).  It  is  easily 
soluble  in  alcohol  and  in  ether  ;  more  easily  in  strong  acetic  acid  than  in  water.  It 
dissolves  abundantly  in  strong  nitric  add;  less  fr«ely  in  strong  hydrochloric  acid,  and 
IS  partially  precipitated  from  both  acids  by  water  in  the  form  of  powder.  It  gives  a 
copious  precipitate  with  gelatin. 

JOeeompoaitions, — 1.  Oxypicnc  acid  heated  somewhat  above  its  melting  point  gives  off 
inflammable  vapours.  When  suddenly  heated,  it  deflagrates  like  gunpowder,  with  a 
bright  yellow  flame,  mostly  bordered  with  orange-yellow,  and  leaves  a  residue  of 
charcoal.  When  gradually  heated,  it  gives  off  nitrous  gas,  nitrogen,  carbonic 
anhydride,  inflammable  gas  and  water,  and  leaves  Teir  flnely-divided  diarooal ;  on 
red-hot  iron  it  deflagrates  with  flame. — 2.  It  is  completely  destroyed  by  boiling  nUro- 
hydrochloric  acid,  with  formation  of  oxalic  acid,  whereas  boiling  concentrated  nitric  or 
hydrodiloric  acid  alone  has  no  action  upon  it.---3.  It  is  decomposed  by  boiling  oil  of 
vitriol.  It  is  not  decomposed  by  boiling  with  excess  of  concentrated  potasn ;  and 
when  digested  with  lime  and  ferrous  sulphate,  does  not  form  a  red  liquid,  as  picric  acid 
does,  but  a  colourless  liquid. — 4.  It  is  not  altered  by  sulphydric  acid,  but  the  li^ht 
yellow  mixture  of  the  add  dissolved  in  alcohol  with  eulphide  of  ammonium^  im- 
mediately acquires  a  dark  brown-red  colour  when  heated,  and  leaves  on  eyaporation  a 
black  mass,  containing,  besides  sulphur  and  a  small  quantity  of  blade  powder,  an 
ammonium-salt  which  may  be  dissolved  out  by  water  and  whose  add  resembles  picric 
add  and  oxypicric  add. — i.  The  hot  aqueous  acid  dissolyes  ferrotta  sulphide  with  less 
evolution  of  sulphydric  add  than  might  be  expected.  With  fine  or  iron,  it  likewise 
gives  off  a  less  than  proportionate  quantity  of  hydrqgen,  forming  greenish-brown  solu- 
tions. It  does  not  act  on  cadmium,  lead,  copper  or  silver.  Its  powder  strewn  on 
potassium  (not  on  sodium)  takes  fire  when  sligntly  pressed  vrith  a  pestle. 

Oxtpicraths. — Oxypicric  add  easily  decomposes  carbonates.  It  is  dibasic,  forming 
neutral  and  acid  salts.  Nearly  all  oxypicrates  detonate,  when  subjected  to  a  gradually 
increasing  heat  (not  by  percussion),  even  more  violently  than  the  picrates.  From  the 
aqueous  solutions  of  the  heavy  metallic  salts  of  this  add,  animal  charcoal  removes  the 
whole  of  the  oxide,  especially  from  the  styphnates  of  manganese,  lead,  nickel  and  copper 
salts.     (Bottger  and  Will,  Bothe.) 

Ammonium-salts,  a.  Neutral.  C^(NH<)«(NO«)K)«— The  aqueous  add  neu- 
tralised with  ammonia  and  then  saturated,  while  warm,  with  solid  carbonate  of 
ammonium,  which  diminishes  the  solubility  of  ox^icrate  of  ammonium  in  water,  yields 
large  orange-yellow  needles  which  detonate  slightly  when  heated  and  dissolve  in 
water  more  readily  than  the  add  salt  (Bottger  and  Will).  The  crystals  are  mono- 
clinic,  exhibiting  the  combination  ooP.  [ooPoo]  .  ooPoo  .  [Poo].  —P.  +P.  —  Poo. 
Batio  of  prindp^  axis,  clinodiagonal  and  orthodiagonal»l :  1'6609 :  2*090.  Angle  of 
inclined  axes  ■■  76^52'.  Angle  oop  :  ooP  in  the  (£nodiagonalprindpal  section  a  104^ 
32';  [Poo  ]  :  fPoo  ]  =  IS(P  2'.     aeavage imperfect  parallel  to  [  ooPoo  ].     (Schabus.) 

$.  Acid.  i>H«(KH*XNO«)"0«.— Obtained  by  neutrahsing  one-half  of  the  add  with 
carbonate  of  ammonium,  adding  the  other  hal^  then  evaporating  and  cooling.  A  com- 
paratiydy  dilute  solution yieldsuuig^e,  light-yeUow,  flat  needles,  and  a  solution  more  con- 
centrated by  evaporation  yields  capillary  interlaced  needles,  which  detonate  very  dightly. 

The  barium-salt,  0«HBa''(NO«)*0«.2H«0,  is  very  soluble,  and  crystallises  m 
orange-coloured  yeiy  shortened  needles,  whidi  give  off  half  their  water  at  100^. 

The  cadmium-salt  ia  deliquescent 

The  ealcium-salt,  2C«HCa'*(N0*)«0*  7H«0  ?  is  also  very  soluble,  and  crystallises 
in  nodules  which  give  off  10*22  per  cent  (2  at)  water  at  100°. 

The  cobalt-salt  forms  light-brown  very  soluble  needles.  The  ammfOnio-cobaltous 
salt  forms  brown-yellow  needles ;  the  potassio-cobaltotis  salt  hard  brown  nodules. 

The  cupric  salt,  C«HCu'YNO«)»0«.H»0,  is  obtained  in  light  yellow  needles  by 
leaving  a  solution  of  cupric  caroonate  in  oxypicric  acid  to  evaporate.     The  ammonio- 
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euprio  soli  is  obtained  in  Inown,  moderatelj  soluble  tridinic  crystals,  by  dioMlying 
cnpric  carbonate  in  a  satorated  eolation  of  ozypicrate  of  ammoninm.  The  poiataio' 
cvpric  salt,  C"H>K'Cu''(N0*)H)^4H*0  ?  prenand  in  like  manner,  fonna  tofts  of  brown 
needles  which  detonate  with  great  violence  wnen  heated. 

Iron -gaits, — The  filtrate  obtained  by  precipitating  the  barinm-salt  with  ferrous 
Mulpkatef  slowly  yieidB  black-green  crTstals  whidi  dissolve  readily  and  pass  to  a  higher 
state  of  oxidation.  The  ammonium-salt  mixed  with  iron  alum  forms  yellow  needles  of 
ferric  oaeypicraie. 

Lead-salt, — The  neutral  salt  has  not  been  obtained.  A  solution  of  neutral  lead 
acetate  mixed  with  oxypicric  acid  forms  a  light  yellow  flooculent  precipitate  consisting  of 
a  baaie  salt,  C"H«Pb''(NO<)*0\2Fb''0.3HK).  It  is  insoluble  in  water,  and  when  dry 
detonates  by  mere  pressure. 

The  magnesium^sali  is  very  soluble  and  difficult  to  exystalHse. 

The  manganess-salt  is  obtained  by  precipitating  the  barium-salt  with  manganous 
sulphate,  ana  evaporating  in  light  yellow  rhombic  taUets,  which  when  heated  melt  in 
theur  water  of  dystallisation  and  tarn  red.  It  gives  oflf  22*98  per  cent,  water  (10  at) 
atlOO<>. 

The  nickel-salt  crystallises  with  difficolt^  in  light  yellow,  very  soluble  needlea. 
The  nickel-potassium  salt  forms  brown  crystalline  crasts. 

Potassium-salts.— The  neutral  salt,  CHK\1^0yO\  forms  thin,  truncated 
orange-yellow  needles,  sparingly  soluble  in  water.  Potash  added  in  excess  to  the 
aqueous  acid  throws  down  this  salt  in  the  form  of  a  ciystalline  powder.  The  acid-salt, 
C*H^(NO')'0'.HK),  obtained  by  saturating  half  of  a  given  quantity  of  oxypicric  acid 
with  carbonate  of  potassium,  and  then  adding  the  other  nal^  crystalLses  in  fight  yellow 
capillary  needles,  which  give  off  their  water  of  ciystallisation  at  100^. 

Silver-salt,  C*HAg*(NO*)'0*.  The  solution  of  carbonate  of  silver  in  the  aqueous 
acid  at  60^,  or  the  mixture  of  the  potassiam-salt  with  a  moderately  strong  solution  of 
nitrate  of  silver  prepared  at  60^,  yields,  when  somewhat  quickly  cooled,  light  yellow, 
flat  needles,  three  inches  long,  or  by  slow  cooling,  laminae  which  dissolve  sparinffly  in 
water,  and  from  whose  solution  tbe  silver  is  reduced  on  boiling,  with  decomposition  of 
the  acid. 

Sodium-salts.— Theneutralsalt,  2C*HNa*(NO«)*0».6HK)  (?),  crystallises  in  small 
light  yellow  needles,  very  soluble  in  water,  andgivins  off  the  whole  of  their  crystallisa- 
tion-water at  100^.    The  acid-salt  has  not  been  obtained  in  the  ciystalline  state. 

The  strontium-salt,  C«HSr''(N0*)K)*.2H*0,  is  much  more  soluble  than  the 
bariom-salt,  but  crystallises  very  easily  from  a  moderately  concentrated  solution  in 
vezy  large  nodules  composed  of  long  light  yellow  needles,  which  g^ve  off  7 '02  per  cent 
water  at  100**. 


C'«H»«0».— An  add  said  by  Kawalier  (Wien. 
Acad.  Ber.  xi.  354)  to  occur  about  Christmas  in  the  needles  of  the  Scotch  fir  (Pinus 
sylvestris).  To  extract  it,  the  comminuted  needles  are  exhausted  with  boiling  alcohol 
of  40  per  cent ;  the  alcohol  is  distilled  off;  and  the  residue  is  mixed  wiUi  water, 
which  throws  down  a  green  mass  of  resm,  while  the  supernatant  liquid  retains  in 
solution  pinipicrin  sugar,  oxypinitannic  acid,  pinitsnnic  acid  and  traces  of  dtric  add. 
This  liquid  may  be  rendered  fiitrable  by  addition  of  a  few  drops  of  neutral  lead-acetate; 
and  on  mixing  the  filtrate  with  an  excess  of  that  reagent,  oxypinitannate  of  lead  is 
precipitated.  Hus  predpitate  is  then  to  be  digested  with  dilute  acetic  add ;  the  filtrate 
precipitated  by  basic  lead-acetate,  which  throws  down  pure  oxypinitannate  of  lead ;  the 
washed  predpitate  decomposed  by  sulphydric  add ;  and  the  iUtrate  evaporated  over  the 
water-bath. 

Oxypinitannic  acid  is  a  brownish  inodorous  powder  having  a  very  astringent  taste, 
eadly  soluble  in  watsr.  Hie  solution  is  coloured  yellow  by  ammonia;  forms  with 
baiyta-water  a  yellow  liquid  which  depomts  red  fiocks  when  heated ;  is  coloured  green 
hj  ferric  chloride;  and  forms  a  ffreenish-brown  predpitate  with  eupric  sulphate  and  a 
small  quantity  of  ammonia.  It  is  not  precipitated  by  tartar-emetic  or  nitrate  of  silver. 
THien  supersaturated  with  ammonia,  it  quickly  absorbs  oxygen  ftom  the  air  and 
acquires  a  brown  colour.  By  boiling  with  hydrochloric  acid,  it  acquires  the  colour  of 
carmine.  When  boiled  with  dilute  sulphurie  acid  it  deposits  a  red  powder,  but  does 
not  yield  sugar.  The  ammonium-salt  mixed  with  sUver-nitrate,  becomes  turbid  and 
deposits  metallic  silver  when  heated. 

oacnmoranr.   See  FnoTEm. 


OXTVTSOUC  ACm.  C'H'K)'?  (Arppe,  Ann.  Ch.  Pharm.  xcv.  242.}— An 
add  said  to  be  produced  simultaneously  with  succinic  acid  by  the  action  of  nitnc  acid 
on  sebadc  add.  It  ciystalliBes  Rometimes  in  colourless  laminae,  sometimes  in  spherical 
masses  ;  dissolves  in  42  pts.  of  water  at  20**,  much  more  easily  in  boiling  water,  melts 
at  130^,  and  decomposes  at  higher  temperatures.    It  gave  by  analysis  47*7  to  48*1  per 
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cent  carboD,  and  6*6  to  6*9  hydzogen,  the  above  fonnnla  reqmxing  47'7  carbon  and  6*8 
hjdrogen.  The  nlyer-mit  gave  67  *0  per  cent.  ailTer,  the  formula  U'W*Af^O*  reqairins 
66*4  per  cent.  According  to  Win  (Ann.  Ch.  Pharm.  cit.  267\  this  acid  is  identical 
with  pimehc  add,  C'H^K)^  Arppe  in  a  later  oommnnication  (Ann.  Ch.  Pharm.  czr. 
143)  states  that  the  add  obtained  as  above  easily  passes  from  the  granalar  into  the 
laminar  form,  that  the  composition  of  the  granular  acid  agrees  best  with  the  formnla 
of  pimelic  acid,  but  the  laminar  add  has  the  composition  G'H*'0*. 

OZTQinnmra.  A  compound  formed  by  boiling  sulphate  of  quinine  with  nitrite 
of  potassium.  Nitrogen  gas  is  then  evolved,  and  the  liquid  when  cold,  yields  with 
ammonia  a  white  crystallo-granular  predpitate,  the  alcoholic  solution  of  which  leaves 
on  evaporation  a  tnmsparent  amorphous  residue,  quickly  becoming  crystalline  in  contact 
with  water.  The  crystalline  granulee  mek  at  100°  in  their  water  of  crystallisation, 
give  it  off  at  130^  and  are  converted  into  a  colourless  transparent  mass,  which  remains 
solid  at  140^^,  and  contains  C*H'*NK)'  >«  quinine  •»-  1  at  oxygen.  It  is  insoluble  in 
water,  soluble  in  alcohol  and  ether,  and  less  bitter  than  quinine.  (Schutzenberger, 
Compt  rend.  zlviL  81.) 

OXTXKOVBOWa  (from  po^dpttw,  to  absorb).  A  name  applied  byDobereiner 
to  platinum-black,  because,  acooiding  to  his  observations,  it  absorbs  oxygen  from  the 
air  and  not  nitrogen. 

OZTBA&KTIXIO  AOOK  C^*0*.  (Lautemann,  Ann.  Ch.  Pharm.  czx. 
299 ;  Jahresb.  1862,  p.  397.)-3-This  add,  metameric  with  carbohydroquinonic  (iii.  214), 
hypogallic  and  protocatechnio  adds,  is  produced  bjr  boiling  a  solution  of  mono- 
iodosalicylic  add  in  caustic  potash.  When  the  reaction  is  completed  (i  e.  when  a 
drop  of  the  liquid  mixed  with  hydrochloric  add  no  longer  ^ves  a  predpitate  of 
iodosidicylic  add)  the  liquid  is  to  be  slightly  supersaturated  with  hydrochloric  add, 
and  filtered  when  cold ;  and  the  filtrate  waken  up  with  ether,  which  takes  up  nothing 
but  oxysalicylic  add,  and  leaves  it  on  evaporation  as  a  brown  crystalline  mass.  The 
add  is  purified  b^  treating  its  solution  with  acetate  of  lead  and  sulphydric  add. 

Oxysalicylic  add  forms  nighl^  lustrous  needles  easily  soluble  in  water,  alcohol,  and 
ether.  The  aqueous  solution  mixed  with  firrio  chloride  acquires  a  deep  blue  colour, 
changing  to  a  splendid  violet  on  addition  of  add  carbonate  of  sodium.  The  crystallised 
add  contains  no  water  of  crystallisation ;  it  melts  at  193^  and  is  resolved  between  210® 
and  212^  into  carbonic  anhydride  and  oxyphenic  add  C*H*0*,  together  with  its  isomer 
hydroquinone. 

The  salts  of  oxysalicylic  add  are  very  unstable ;- those  of  the  alkaline  earth-metals 
turn  brown  and  decompose  when  their  aqueous  solutions  are  exposed  to  the  air.  The 
add,  in  contact  with  aUudis,  instantly  bwomes  reddish,  and  soon  afterwards  brown. 

Bioxjaallejllc  or  CMUio  Add*  C'H*0*,  is  produced  in  like  manner  by  the  action 
of  boiling  potash  on  di-iodosalieylic  add  (ii  760),  but  a  considerable  portion  of  the 
gallic  add  thus  formed  is  converted  during  the  process  into  pyrogallic  acid,  the  potash 
actinff  upon  it  under  theee  circumstances  in  the  same  manner  as  a  high  temperature. 
Di-iodoralicylic  add  heated  for  six  hours  to  160°  in  a  sealed  tube  with  excess  of  potas- 
sium carbonate^  yields  a  mixture  of  salicylic,  oxysalicylic,  and  dioxysalicylic  add& 

OXT8A&T8.  Salts  of  oxygen-adds,  or  oxides  in  which  the  hydrogen  of  the  type 
nWO  is  replaced,  partly  by  aaC  partly  by  basylous  radides.    (See  Salts.) 

O JL ISTKTCSBWms.  (Schutienberger,  Compt  rend.  xlviL  79.)— Com- 
pounds produced  by  the  oxidation  of  strychnine.  When  sulphate  of  strychnine  is 
boiled  with  nitrite  of  potassium  in  aqueous  solution,  nitrogen  is  abundantly  evolved, 
and  the  liquid,  on  addition  of  ammonia,  yields  a  light  yellow  flocculent  substance  which 
crystallises  from  alcohol  in  transparent  orange-yellow  crystiUs^  apparently  having  the 
form  of  rhombic  prisms  with  truncated  edges,  and  consisting  of  oxystryehnine, 
C«'H"N*0*  =  C"H**N«0«  (strychnine)  +  3HK)  +  O.  The  mother-liquor  on 
further  concentration  deposits  darker  coloured  orange-red  prisms  of  dioxystrych- 
nine,  C«'H"N«0'  «  C"H"N«0«  +  3HK)  +  0».  Both  compounds  are  insoluble 
in  water  and  in  ether,  contain  no  water  of  oystallisation,  decompose  at  800^,  and  have 
a  bitter  taste,  but  not  so  strong  as  that  of  strychnine. 

031 1  au  liyrDUB^  Compounds  of  oxides  and  sulphides,  or  sulphides  in  which 
the  sulphur  is  partly  replaced  by  oxygen.  Many  metallic  oxysuh>hides  occur  as 
natural  minerals,  red  antimony  or  kermeeome  for  example ;  many  others  are  formed 
artificially,  as  antimonial  crocus  or  saffron  (I  328). 

OJCTSU&VXOCAXBOVZO  MTH  HBBi    See  Sulphocabbonic  Ethsrs. 
oxysu&ysopikATnrooTAiniia  or  POTABSZUX.    See  Ctaktok  ov 
pLAinnnc  (ii.  267). 

OAlSllliPBOBlJKPBVSOini  ACZB.    Syn.  with  Htfdsulfhubovs  Acm  (see 

SULFKUB,  OXTGUH-ACIDS  OF). 
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OXTSnvxO  AOUK  -  C'E'^O*  ? — ^A  viscid  sabstanoe  obtained  by  oxidation  of 
sylvic  acid  (q. «,). 


C«H»NO»    -    (0«H*0)*l^.     (De  La 


Bue  and  Miiller,  Proc  Hoy.  Soc  xi.  112;  Jabrmb.  1861,  p.  425.>--Prodaced  by  the 
action  of  reducing  agents  on  nitroterephthalic  add.  It  crystalliiies  in  thin  prisms  or 
mosB-like  aggregations  of  lemon-yellow  colour.  It  is  sparingly  soluble  in  cold  water, 
alcohol,  ether  and  chloroform,  and  like  its  analogues,  glyoollamic  acid,  &c.,  unites 
both  with  bases  and  with  acids. 

The  oxyterephtkalamates  are  czystallisable  and  easily  soluble  in  water  and  in  alcohol, 
forming  strongly  fluorescent  solutions ;  the  compounds  of  oxyterephthalamic  acid  with 
acids  are  likewise  ciystaUisable,  but  are  decomposed  by  a  lai^  quantity  of  water ;  the 
acid  solutions  are  not  fluorescent. 

The  ethers  of  oxyterephthalamic  acid  are  obtained  by  reduction  of  the  nitrotereph- 
thalic ethers.  The  methyUc  ether  is  crystalline  and  soluble  in  warm  alcohol;  the 
etkjflie  ether  forms  large  ciystals  resembling  uranic  nitrate,  and  forming  a  strongly 
fluorescent  solution. 

By  the  action  of  nitrous  acid  on  oxyterephthalamic  acid  in  alcoholic  solution,  a  num- 
ber of  compounds  are  formed  analogous  to  those  which  Griess  obtained  from  oxyben- 
aamic  add  (p.  292). 


OJL 1  TJUtHFHTHA&IO  AdtBf  O'H'K)*,  is  produced,  with  copious  eTolution  of 
nitrogen,  by  the  action  of  nitrous  add  on  oxyterephthalamic  ado.    The  salts  are 

X'allisable,  and  less  soluble  than  the  eorrespondinff  terephthalates.     The  neutral 
t  are  liquid ;  so  also  is  the  chloride  of  oxvterephtkalylt  which  is  easily  soluble  in 
water  and  in  alcoboL    (De  La  Bue  and  Miiller.) 


C»HW  (Fittig,  Ann.  Ch.  Fharm.  cxx.  966.)— An  add, 
isomeric  with  salicylic  and  oxybenzoic  adds,  and  perhaps  also  with  ampelio  add  (i.  201). 
It  is  produced  by  the  oxidation  of  toluene  (hydride  of  bensyl,  i.  673).  When  toluene 
(boiling  between  108^  and  113®)  is  boiled  for  four  or  flve  days  with  a  mixture  of  1  pt. 
commercial  nitric  add  and  2  pts.  water,  a  crystalline  mixture  of  adds  is  obtained  which 
are  somewhat  difficult  to  separate.  On  repeatedly  treating  the  crystalline  mass  which 
remains  after  the  distillation  of  the  unaltered  toluene  and  the  nitrotoluene  with  a 
small  quantity  of  hot  water,  so  that  about  a  fourth  part  shall  remain  undissolved,  and 
leaving  the  solution  to  cool,  oxytolic  add  crystallises  out,  and  maj  be  purified  by  dis- 
tillation, couTersion  into  a  caldum-salt,  and  n^peated  crystallisation  of  the  latter,  till 
the  add  separated  from  it  mdts  constantly  at  180^. 

The  mother-liquor  of  the  oxytolate  of  caldum  yielded  a  caldum-salt,  the  acid  of  which 
appeared  to  be  impure  benzoic  add.  The  less  soluble  portion  of  the  product  of  the 
oxidation  above  described  contained  an  add  which  exhibited  nearly  the  composition 
C^H*0*;  but  it  did  not  melt  at  a  constant  temperature,  and  still  contained  nitrogen ; 
whence  Fittig  oondudes  that  it  consisted  of  oxytolic  add  contaminated  with  a  nitro- 
compound. 

Oxytolic  add  is  sparingly  soluble  in  cold  water,  but  dissolves  more  f^ly  in  hot 
water  and  in  alcohol  It  crystallises  from  water  in  colourless  needles,  melts  at  180®, 
solidifies  at  177®,  sublimes  below  its  melting  point  and  distils  undecomposed  at  higher 
temperatures.  The  vapour,  both  of  the  dry  acid  and  of  the  aqueous  solution,  exdtes 
coughinff,  like  benzoic  add. 

Oxyt^c  add  is  monobana  The  potassium-salt,  C'H'EO*,  is  very  soluble  in  water, 
and  crystallises  firom  alcohol  in  small  needles.  The  sodium-salt  is  predpitated  as  a 
jelly  from  its  aqueous  solution  by  ^cohol.  The  barium-salt,  G'^H>*Ba"0',  gives  off  its 
water  of  cmtallisation  (amount  not  determined)  over  oil  of  vitriol.  The  ialcivm-salt^ 
G"H^*Ca*0'.3H'0,  crystallises  in  needles  soluble  in  water  andin  alcohoL  The  siher-saltf 
CH'AgO*,  is  a  white  predpitate  which  dissolves  in  hot  water,  and  crystallises  there- 
from in  needles.  Iron,  copper,  and  lead-salts  are  likewise  obtained  by  predpitation  with 
oxytolate  of  ammonium. 

The  reactions  of  oxytolic  add  resemble  those  of  Laurent's  ampelic  add  more  than 
those  of  dther  of  its  other  isomers  (i.  201). 

H»      )N 

OZTTO&VAIOO    ACm.      C*H'N0*    »    (0^*0)"  V  Q  <>' ^^'^<'^^*^  ^<^i 

H  ) 
C'H'(NH')0' ;  also,  but  improperiy,  called  Toluamic  add.  (C  a h  o  u  r s,  Ann.  Ch.  Pharm. 
cvii.  147.) — Obtained  by  reduction  of  nitrotoluic  add  with  sulphide  of  ammonium,  just 
as  its  homologue,  oxybenzamic  add  (p.  290),  is  obtained  from  nitrobenzoic  add.  It  unit  es 
with  adds,  forming  crystallisable  compounds  resembling  those  of  oxybenzamic  acid 
VcL.  IV.  Y 
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822  OYSTERS— OZOCERITE. 

The  hydrochlorate,  C'H'NO'.HCl,  cnrstalliseB  in  small  nacreous  needles ;  the  chloro^ 
plaiinate,  (C«H»N0«)«.H*CI«.R»'C1\  m  red-brown  needles. 

Liazoi^uyUxytoluamio  acid,  C"H»'N»0* .  |H«0  -  C*H»NK)*.C»H»NO«.  |HK),  is  pre- 
pared by  heating  oxytoluamic  acid  with  nitrons  ether  to  30°,  just  as  the  corresponding 
benzoic  compound  is  obtained  from  oxjbenzamic  acid  (p.  292).  It  forms  yellow  micro- 
scopic prisms,  insoluble  in  water,  alcohol,  and  ether ;  adds  dissolve  and  decompose  it ; 
alkalis  dissolve  it  unaltered.  Its  reactions  are  precisely  analogous  to  those  of  diaso- 
benzo-ozybensamic  acid. 

The  potassium-f  sodium-,  and  ammonium-gaits  of  this  acid  fbnn  easily  soluble  crystal- 
line masses ;  the  latter  easily  decomposes  when  its  aqueous  solution  is  boiled.  The 
hariwursalt  is  a  yellowish  precipitate,  insoluble  in  water  and  in  alcohoL  The  silver- 
salt  is  a  white  gelatinous  precipitate.    (Griess,  Ann.  Ch.  Fharm.  cxvii  69.) 

OT8TSS8.  The  body  of  the  oyster  consists  mainly,  according  toMulder,  ofan 
albulninoidal  or  protein  substance,  which  coagulates  at  90^,  and  is  then  soluble  in 
strong  acetic  acid.    Oysters  contain  0*5  per  cent,  of  salts. 

Dried  oyster-shells  oontain,  according  to  Buch hoi z  and  Brandes,  9*8  per  cent, 
calcic  carbonate,  1*2  calcic  phosphate,  0*6  albuminous  substance,  and  0'2  alumina  (?). 
According  to  a  more  recent  investigation  by  Schlossberger  (Ann.  Ch.  Pharm.  zcviii. 
99),  oyster-shells  consist  of  three  anatomically  distinct  layers :  1.  An  inner  layer,  the 
so-called  mother-of  pearl,  smooth,  shining,  and  semi-transparent:  Carpenters  sub- 
nacreous  substance* — 2.  The  brown,  hard  scales,  formingthe  outer  edges  of  tne  successive 
laminae  of  which  the  upper  shell  is  composed,  tiiese  laminsB  being  placed  one  over  the 
other,  like  tiles  on  a  roof;  Carpenter^s  wrismatie  edlular  substance. — 3.  A  white,  dull, 
opaque,  friable  substance,  called  bv  Schlossberger  the  chalky  layer,  interposed  here  and 
there  between  the  laminse  of  the  shell.    These  three  layers  were  found  to  contain : 

1  2  3 

« 

Carbonate  of  calcium         •        •        .        • 
Organic  matter  ..... 

Other  salts  (and  loss)         .... 

The  salts  contain  small  quantities  of  phosphoric  acid  and  alkalis,  with  traces  of 
silica  and  sulphuric  add. 

The  organic  substance  which  remains  on  treating  the  shells  with  dilute  sulphuric  acid 
consists  mainly  of  brown  films,  which  are  insoluble  in  hot  water,  even  under  increased 
pressure,  dissolve  gradually  with  aid  of  heat,  in  concentrated  mineral  acids,  but  only 
partially  in  potash-ley  of  50  per  cent  The  portion  insoluble  in  potash  contains  50*7 
per  cent  carbon,  6'5  hydrogen,  and  16*7  nitrogen,  and  is  therefore  similar  in  composition 
to  Fr^my's  conchiolin  (i.  1107),  and  is  distinguished  from  chitin  (i.  874)  by  its  large 
amount  of  nitrogen.    (Schlossberger.) 

Caster  water.  The  water  within  the  shell  of  the  oyster  is  not  simply  sea-water,  but  is 
distinguished  from  it  by  containing  less  salts  and  more  organic  matter.  When  shaken  up 
with  ether,  it  deposits  an  albuminous  substance  containing  8*75  per  cent,  nitrogen.  This 
albuminous  matter  amounts  to  00056  of  the  liquid,  which  is  composed  of  95888  pts. 
water,  3022  salts,  0*560  azotised  matter,  0*529  non-azotised  matter  «  100).  The 
weight  of  liquid  in  the  oyster  is  nearly  equal  to  that  of  the  flesh ;  it  probably  contributes 
to  alimentation.  A  dozen  oysters  weighing  1*482  were  found  to  be  composed  of  1*209 
shell,  0-112  flesh,  and  0*102  liquid.  On  calculating  the  quantity  of  alimentary  matter 
eiiuivalent  to  the  nitrogen,  it  is  found  that  a  dozen  oysters  contain  a  quantity  of 
azotised  matter  equal  to  about  one-tenth  of  the  ration  (?  daily)  of  a  man.  (Pay en. 
Bull.  Soc.  Chim.  ii.  235.) 

OZAMUTB.  An  amoiphous  or  fibrous  variety  of  Thomsonite  from  the  Ozark 
mountains,  Arkansas,  where  it  occurs  with  elseoUte ;  often  also  mixed  with  apatite  (see 
THOVSONm). 

OBOCBXZra  or  OZOXBSITB.  A  fossil  resin  disco^^ered  by  Meyer  in  a  sand- 
tone  in  Moldavia^  in  the  vidnity  of  coal  and  rock-salt  It  also  occurs  at  Gresten 
near  Gaming  in  Austria,  and  at  Truskawicsz  in  Galida ;  also  at  the  Urpeth  colliery, 
Newcastle-on-Tyne.  It  is  like  a  rednous  wax  in  consistence  and  translucency,  some- 
times witii  a  foliated  structure.  Its  colour  is  brown  or  brownish-yellow  by  transmitted 
light ;  leek-green  by  reflected  light.  Odour  pleasantly  aromatic.  Specific  gravity 
«  0-94--0-97.  Melts  at  62«>  (Schrotter),  at  84°  according  to  Malaguti;  boils  at 
210°  (Schrotter),  at  300^  (Malaguti).  According  to  Johnston,  the  Urpeth  variety 
melts  at  e(P  and  boils  at  12lo  It  distils  without  decompodtion,  is  not  altered  by 
strong  adds,  and  yerj  little  by  hot  concentrated  alcohol.  The  Moldavian  variety  dis- 
solves but  slightly  in  ether,  whereas  the  Urpeth  variety  dissolves  in  ether  to  the 

*  Cyclopedia  of  Anatomy,  nit.  Shell. 
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ftmount  of  fonr-flfths,  and  sepantes  on  eyaporation  in  brown  flocks  which  melt  at  38*9^ 
to  a  jellowish-biown  liqoicL  Three  or  four  Babstancea  are  Mupposed  to  be  here 
-incladecL    The  composition  of  osocerite  is  as  follows : 

Moldavia,  Urpetk, 

^ * s 

MaUfruU.  Schr5tt«r.  Johnrton. 

Carbon 85*76  8620  86-80 

Hydrogen 15-16  18-79  1-^06 

100-90  99*99  100-86 

It  is  decomposed  by  diy  distillation,  yielding,  according  to  Malguti,  10*34  per  cent. 
gas,  74*01  oilj  matter,  12*66  eiystalline  substance,  and  3*10  earbonaceons  residue. 
(Gerh.  iv.  899.    Dana,  ii.  474.) 

Bertolio  (Jahresb.  I860,  p.  797)  examined  a  fossil  resin  sent  from  Rio  Janeiro  as 
OBOcerite,  bnt  of  unknown  origin.  It  was  yellow,  shining,  greasy  to  the  touch,  of  the 
hardness  of  talc,  with  a  oonchoidal  firacture.  Specific  gravity  0*98.  It  melted  at  85^, 
and  boiled  at  245^,  turning  brown  and  emitting  a  &tty  odour.  It  dissoWed  in  hot 
alcohol  and  separated  on  cooling  as  a  white  powder  composed  of  laminse.  Gave  by 
analysis  69*5  to  70*2  per  cent,  carbon  and  12*2  hydrogen,  approximating  to  the  com- 
position of  monomargarin  or  monoetearin. 

OXOVa.    See  OxTonr  (p.  299). 

OSOMa^U  V  J> JiOOBWa  According  to  Osann,  hydrogen  eroWed  by  electrolrsis 
from  ?niter  acidulated  with  sulphuric  acid,  possesses  stronger  reducing  properties  than 
ordinaiy  hydrogen,  inasmuch  as  a  piece  of  coke  or  spongy  platinum  immersed  in  the 
gas  thus  obtained,  or  used  as  the  negatiye  pole  in  the  circuit  in  which  the  acidulated 
water  is  decomposed,  acquires  the  power  of  reducing  silver  from  a  solution  of  the  sul- 
phate, and  of  producing  a  blue  colour  in  a  solution  of  ferric  chloride  mixed  with 
ferricyanide  of  potassium:  hence  he  caUsit  osone-h^drogen.  According  to  later 
experiments,  however,  it  appears  that  to  obtain  this  active  hydrogen  it  is  necessary  to 
use  a  recently  prepared  mixture  of  water  and  fuming  sulphuric  acid.  (See  Jahresb. 
1853,  p.  316;  1854,  p.  286;  1865,  p.  292;  1866,  p.  273;  1867,  p.  81;  1858,  p.  64.) 

OKOn-'Vr ATn«  An  aqueous  solution  of  ozone,  which,  accordi  ngtoMeissner 
(Jahresb.  1862,  p.  130),  exhibits  in  certain  cases  an  action  opposed  to  that  of  peroxide 
of  hydrogen,  preventing  the  separation  of  iodine  from  iodide  of  potassium  by  peroxide 
of  hydrogen  and  dilute  acids,  or  by  nitrate  or  iodate  of  potassium  with  adds.  When 
this  solution  is  shaken  up  with  peroxide  of  barium,  a  violent  evolution  of  oxygen  takes 
place,  and  the  filtrate  no  longer  exhibits  the  reactions  of  ozone.  Meissner  regarcls  ozone- 
water  as  water  combined  with  negative  oxygen  or  on>ne ;  peroxide  of  hydrogen  as  water 
combined  with  positive  oxygen  or  antosone. 


P. 

PACKVB&O.  The  bark  of  the  Pachnelo  tree  of  Bogota  contains  berberine. 
(Perrins.) 

PAOBVO&ZTB  (from  irdjonit  rime).  (A.  Knop,  Ann.Ch.  Pharm.  cxxvii  61. 
— G.  V.  Bath,  Pogg.  Ann.  cxix.  261.) — ^A  fluoride  of  aluminium,  calcium  and  sodium, 
occurring  on  Greenland  ciyolite,  as  an  efflorescence  of  small,  shining,  colourless 
transparent  crystals  lining  the  cavities  of  the  ciyolite,  or  in  larger  crystals  of  rect- 
angular ipaiallelopipedal  form  on  the  surfiioe.  The  smaller  crvstals  are  rhombic 
combinations  ooP  .  P  .  oP  (Knop),  also  with  the  &ce  }P  (v.  Rath).  The  inclinations 

of  the  faces  are  as  follows : 

T.  Rath.  Knop. 

ooP :  »P 81°  28'  810  24' 

P :  ooP 1660    tf        154°  10' 

P :  P  in  the  macrodiagonal  terminal  edee      .        .  92<'  23'  93<'  58' 

„    in  the  brachydif^nal  terminal  ed^     .        .        106<>  49*        108o    8' 

„    in  the  basal  edge 

I P  :  {  P  in  the  macrodiagonal  terminal  edge 
„  „  in  the  brachydiagonal  terminal  edge 
„    „    in  the  basal  edge    .... 

According  to  Knop's  measurements,  the  ratio  of  the  axes  a\hie  is  0*8601 : 1  :  1*34C9. 

T  2 


132*    0*        128«20' 
860  60' 
102O  23* 
147°  20' 


824  PACKFONG— PALAGONITE. 

The  minml  when  slowly  heated  giree  off  aqaeons  Tapour  without  acid  reaction ;  bat 
when  quickly  heated,  it  emits  white  acid  Tapours  which  condense  on  the  sides  of  the 
glass  tnbe  and  can  no  longer  be  volatilised ;  the  residue  melts  easilT  to  a  translncent 
enameL  The  sublimate  is  insoluble  in  water,  but  dissolyes  easQpr  in  hydrochloric  add, 
giving  the  reactions  of  alumina.  The  mineral  dissolves  easily  in  sulphuric  add  with 
evolution  of  hydrofluoric  add. 

It  gave  by  analysis : 

Al                 Na  Ca  F  H*0 

1314        1216  17*26  5079  960     -     102*94  (Enop). 

13-20        12-06  1805  undet  9'36    (v.  Bath). 

From  these  numbers  Knop  deduces  the  formula  3  jf  ^,[F'.2A1"F*.2H*0,  which  is 

that  of  a  hydrated  cryolite  having  |  of  the  sodium  redaced  by  calcium ;  this  formula 
requires  12-29  per  cent  Al,  12-38  Na,  17*25  Ca, 6112 F,  and  807  H*0.  v.  Rath pves 
a  formula  in  which  two-thirds  of  the  sodium  of  orolite  is  replaced  by  calcium,  and 
half  the  fluoride  of  aluminium  by  alumina  ;  but  he  (ud  not  determine  the  fluorine. 

9AOSFOVO  or  9AOXTOVO.    Chinese  nickel-silver  (see  Coffkb,  Allots  of, 
ii  61). 


A  red  colouring  matter  obtained  from  phenylio  alcohol  b^  the  action 
of  sulphuric  and  oxalic  add&  &olbe  and  Schmitt  (Ann.  Ch.  Pharm.  czix.  169),  by 
heating  1}  pt  phenyUe  idoohol  (coal-tar  creosote)  with  1  pt  oxalic  and  2  pts.  strong 
sulphuric  add  to  140^ — 150^,  for  four  or  five  hours,  obtained  a  dank  brown-red  mass, 
fi^eh  after  being  freed  from  phenyl-sulphuric  add  by  boiling  with  water,  solidified  to 
a  brittle  resinous  substance.  This  substance  dissolves  with  splendid  purple-red  colour 
in  ammonia  and  potash-lev,  and  separates  on  neutralisation  in  orange-coloured  flocks, 
having  when  dry  a  splendid  orange-red  colour,  like  that  of  predpitated  alizarin .  It 
nelts  at  80^,  and  then  gives  off  phenylic  alcohol;  loses  its  colour  when  treated  with 
sodium-amalgam  or  with  iron-fllmgs  and  acetic  add,  but  is  stable  in  combination  with 
alkalis.  Itgives  by  analysis  num^rs  agreeing  with  the  formula  G*HK),  and  is  re- 
garded by  iLolbe  and  Schmitt  as  prol^blv  rolated  to  xosolic  add. 

Guinon,  Harna«  and  Bonnet  (B^p.  Chim.  app.  iv.  460)  prepare  this  red  rennous 
colouring  matter  (which  they  designate  as  pionivie  instable)  hj  heating  10  pts.  phenylic 
alcohol  with  4  to  8  pts.  oxalic  add  and  3  to  6  pts.  sulphuric  aad,  and  lx>iling  with  water 
as  above;  then  heat  it  with  2}  pts.  aqueous  ammonia  to  160°  in  a  dosed  metallic  vessel 
for  three  hours;  and  from  the  resulting  solution,  by  a  process  not  further  described,  they 
obtain  the  colouring  matter  in  a  form  in  whidi  it  withstands  the  action  of  adds  (vi<mine 
stable).  By  heating  6  pts.  of  this  product  with  6  to  8  pts.  of  aniline  for  several  hours, 
they  further  obtain  a  fauie  colouring  matter  (oru/m),  ixisoluble  in  water,  but  soluble  in 
alcohol  and  in  ether. 


Syn.  with  Aoalhatoutb. 

Syn.  with  BsoDOKm. 

;OB  XIBA  VO.    Syn.  with  Cibotiuk  Cuioiran  (i.  962). 

y All  jBO^CmTSTAAB,  A  term  applied  by  Haidinger  to  the  original  minerals 
from  which  paramorphs  or  pseudomorphs  are  ranned :  tiius  auffite  which  has  been 
altered  to  steatite,  serpentine,  &c,  is  called  palsao-augite,  Uie  mineral  resulting  from 
the  alteration  being  the  pseudomoiph. 


An  amorphous  mineral  which,  according  to  Bunsen  and  Sartorius 
T,  Walteishansen,  is  an  essential  oonstitnent  of  the  volcanic  formations  of  Iceland  and 
Sidly.  It  has  generally  a  brown  or  yellow  colour  and  a  vitreous  or  greasy  lustre ;  hard- 
ness 1  4  to  6 ;  specific  gravity  »  2-4  to  2*7.  It  eives  off  water  when  heated,  mdts 
eaailjr  before  the  blowpioe  to  a  black  magnetic  lead,  and  is  easily  decomposed  and 
4;^]atinised  by  hydrocnioric  add.  It  is  however  always  mixed  with  a  number  of 
minerals,  chiefly  augite  and  felspar,  which  are  not  acted  upon  by  acids;  in  the 
following  analyses  these  foreign  minerals  are  deducted.  The  analyses  of  Sicilian 
palagonite  are  by  v.  Waltershausen  {Fulkaniscke  Gesteine,  p.  179)  ;  those  of  the 
Icelandic  minend  are  by  Bunsen  (Ann.  Ch.  Pharm.  bd.  266). 

a.  From  Val  di  Noto,  Palagonia.— 6.  Black  palagonite  tufa  from  Militella—c.  From 
Ad  Castello. — d.  FromTrollkonuffil  on  HekhL — «.  FromKrisuvik.— /.  From  Sudafell : 
palagonite  tufii.^^.  From  the  Gatopagos islands :  rock  forming  a  crater  (Bunsen). — 
A.  From  Hof  Besslich  near  Limburg  (F.  Sandberper,  J.  pr.  Ghem.  xlvii.  463).— 
t.  Black  mineral  analogous  in  composition  to  palaeomte,  from  Honnef  in  the  Sieben- 
gebiige  (Waokernagel,  Rammelsberg's  Mineralckemie,  p.  868). 
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100        100        100        100        100  99-36  100        100        10006 

These  analytical  results  cannot  be  induded  under  any  general  formula ;  they  show 
indeed  that  palagonite  is  either  a  mixture  or  a  compound  contaminated  with  foreign 
substances.  Bunsen  has  su^ested  for  the  greater  number  of  palagonites  the  fonnua 
S(MK).SiO*).Al*O*.3SiO*.10HK),  which  howeTer  does  not  agree  exactly  with  any 
indiYidual  analysis. 

VAXilOOSSXTTB.  A  white  asbestiform  silicate  of  specific  grayity  2-217  in  the 
Paligorian  mining  district  of  the  UraL  Contains,  according  to  Scaftschenkow,  62-18 
per  cent  silica,  18-32  alumina,  8-19  magnesia,  0*69  lime,  12*04  combined  water,  and 
8-46  water  given  off  at  100^  («  99*84). 

PAUC8JLVBSR  WOOB.  A  red  dye-wood  from  Madagascar,  the  colouring 
matter  of  which  is  affected  by  the  air  and  by  solvents,  in  the  same  manner  as  that  of 
sandal-wood,  but  has  less  of  an  orange  tint  and  is  lesa  able  to  resist  the  action  of 
alkalis  than  the  latter,  being  changed  thereby  to  green,  oliye-green  and  brown. 
(Arnaudon,  Cimento,  yiii.  278.) 

I     See  PAixABnTX-BAsn;  Ahmokiacal. 

See  PALLAOIXTM-BiLSBS,  OneAKic. 


Atomic  weight  126.  Symbol  Pd. — ^A  metal  of  the  platinum 
group,  discovered  by  Wollaston  in  1803  (PhiL  Trans.  1804,  p.  419).  The  oxide 
and  many  of  the  other  compounds  were  discovered  and  investigated  by  Berzelius 
(Pogg.  Ann.  xiii  464). 

Occurrence. — 1.  Single  grains  of  pure  palladium,  sometimes  of  octahedral  form,  are 
mixed  with  the  grains  of  platinum  from  BraziL  Native  palladium  mixed  with  gold 
and  selenide  of  lead  is  also  found  at  Tilkerode  in  the  Harts. — 2.  Palladium  occurs  in 
the  platinum  ore  of  South  America  (amounting  to  1  pt.  in  200  of  the  Peruvian  ore),  from 
St.  I)omingo^  and  from  the  Ur^ — 3.  It  occurs,  aUoyed  with  gold,  in  an  auriferous 
sand  from  Zacotinga  and  Condonga  in  BrazU,  mixed  with  specular  iron  ore :  the  pal- 
ladium in  this  ore  amounts  to  6  or  6  per  cent^  Also  alloyed  with  gold  and  silver  in 
the  Oro  pudre  of  Porpes  in  South  America :  this  mineral  contains  10  per  cent,  of 
palladium. . 

Extraction,  1.  From  plaHnwn  ore. — The  ore  is  digested  in  nitromuriatio  acid ;  the 
acid  solution  decanted  from  the  insoluble  residue  is  neutralised ;  the  platinum  is  pre- 
cipitated by  sal-ammoniac ;  and  the  palladium  is  thrown  down  from  the  ^trate  by 
cyanide  of  mercury  as  a  white  flocculent  cyanide  which  yields  metallic  palladium  by 
calcination.    (See  further  GmelirCa  Handbook,  vi.  266,  267,  261,  264,  267.) 

2.  From  the  palladiferoue  gold  of  BrasiL  The  gold-dust  is  frised  with  an  equal 
weight  of  silver  and  a  certain  quantity  of  nitre,  whereby  the  earthy  matters  and  the 
greater  part  of  the  base  metals  are  removed  in  the  form  of  slag ;  the  aUoy  is  then  cast 
in  the  form  of  bars ;  the  latter  again  fused  in  a  black  lead  crucible,  stirring  constantly 
with  an  equal  weight  of  silver,  so  that  the  gold  amounts  to  about  one-fourth  of  the 
whole  mixture.  The  alloy  is  then  veiy  finely  granulated  by  pouring  it  through  an  iron 
sieve  into  water;  the  granules  are  heated  in  a  porcelain  basin  with  an  equal  quantity 
of  nitric  acid  and  an  equal  quantity  of  water,  as  long  as  any  action  goes  on  ;  the  liquid 
is  decanted;  and  the  residual  gold  is  boiled  for  two  hours  with  aquantity  of  pure  mtric 
acid  equal  to  two-thirds  of  the  granules  used,  after  which  it  is  washed  with  not  water„ 
dried,  and  fused  into  a  button.  From  the  resulting  nitnc  acid  solutions,  the  silver  ia 
precipitated  by  common  salt.  The  remaining  liquid  being  transferred  to  wooden  vess^. 
the  palladium  and  copper  are  precipitated  by  zinc ;  the  black  powder  is  dissolved  in. 
nitnc  acid;  the  solution  supersaturated  with  ammonia,  which  generally  leaves  undissqlved, 
a  small  quantity  of  pUtinum,  iron,  and  lead ;  and  the  filtrate  containing  the  palladium 
and  copper  is  very  slightly  supersaturated  with  hydrochloric  acid,  whereby  the  gveatec 

*  And  COS.  t  Manganoui  oxide. 
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part  of  the  paUadium  is  precipitated  in  the  form  of  yellow  ammonio-piotochloride, 
which  is  then  washed  with  cold  water  and  converted  into  pnre  palladinm^  by  ignition. 
The  remainder  of  the  palladium  and  the  whole  of  the  copper  may  be  precipitated  from 
the  hydrochloric  acid  eolation  by  iron.  ( J  o  h  n  s  o  n,  J.  pr.  Chem.  zi  809.~G  o  c  k,  Phil. 
Mag.  [3]  xziii.  16 ;  also  Ann.  Ch.  Pharm.  zlix.  236.) 

Properties. — ^Palladium  is  a  white  metal  intermediate  in  colour  and  lustre  between 
silver  and  platinum.  As  obtained  by  ignition  from  the  cyanide  or  from  chloride  of  pal- 
ladium and  ammonium,  it  forms  a  grey  spongy  mass.  Finely  divided  palladium 
floating  on  water  appears  blood-red  by  transmitted  light.  Native  palladium  occum  in 
six-sided  tables,  with  distinct  cleavage  parallel  to  the  terminal  faces ;  white,  with  a 
strong  lustre,  of  almost  microscopic  size,  and  attached  to  lamintB  of  native  gold 
(G.  Bose);  also  in  minute  octahedrons  (Hai dinger).  The  native  palladium  from 
Brazil  exhibits  a  fibrous  structure,  and  may  be  thereby  distinguished  and  separated 
from  the  grains  of  platinum  with  which  it  is  mixed  (WoUaston).  Specific  gravity  of 
fused  palladium,  1104  at  IS^'  (Cloud),  11-3  (Cock),  finm  11*3  to  11-8  (WoUaston), 
11*4  at  22-5°  (Deville  and  Debray);  of  hammered  palladium,  11*8  (CockX  11852 
(Lam padi us),  rather  more  than  12*0  (VauquelinV  12*148  (Lowry).  Palladium 
is  about  as  haid  as  platinum ;  ductile,  but  somewhat  less  so  than  platinum ;  and  may 
be  rolled  out  into  thin  leaves.  It  is  the  most  fusible  of  all  the  metals  of  the  platinum 
croup,  beginning  to  frise  at  the  strougest  heat  of  a  foxge-flre,  and  melting  perfectly 
before  the  oxyhydrogen  blowpipe.  When  heated  on  lime  in  Beville's  frtmace  (p.  313) 
to  the  melting  point  of  iridium,  it  volatilises  in  green  vapours  which  condense  to  a 
bistre-colour^  dust  of  metal  and  oxide.  It  oxidises  at  a  lower  temperature  than  silver, 
and  is  always  covered  on  the  surface  with  a  thin  film  of  oxide.  If  it  be  frved  from 
this  coating  by  ignition  in  a  reducing  flame,  and  held  while  still  hot  in  a  stream  of 
mixed  air  and  combustible  gas,  it  continues  to  glow  like  platinum.  If  exposed  to  the 
air  in  the  melted  state  it  absorbs  oxygen  and  spits  like  silver;  but  the  absorbed  gas  is 
not  given  off  till  just  as  the  metal  begins  to  solidify,  so  that  the  mass,  though  veiy 
dense  on  the  surface,  remains  porous  within.    (Deville  and  Debray.) 

Palladium  is  very  slightly  attacked  by  concentrated  hydroehloric  or  tuiphurio  aeidj 
even  at  the  boiling  heat.  It  dissolves  in  nitric  acid  without  evolution  of  gas,  but  com- 
municates a  brownish-red  colour  to  the  liquid,  from  formation  of  nitrous  acid.  It 
dissolves  with  facility  in  nitromuriatic  acid.  Its  suifiioe  is  blackened  by  tincture  of 
iodine^  which  has  no  effect  on  platinum. 

Palladium  is  sometimes  usea  for  making  the  divided  scales  of  astronomical  instru- 
ments, fbr  which  it  is  well  adapted,  being  light,  nearly  as  white  as  silver,  and  not 
blackened  by  sulphurous  emanations.  It  is  also  used  for  making  the  smaller  divisions 
of  the  grain  or  gramme. 

Palladium  in  most  of  its  compounds  is  diatomic,  as  in  the  di-chloride  Pd"Cl^  the 
di-iodide  Pd"P,  the  protoxide  Pd*0,  &c.  A  tetrachloride  occurs  in  certain  double 
salts,  and  the  dioxide  Pd**0*  is  known  in  combination  with  water. 


, .®'"    I**ll*dium  unites  with  most  metals,  but  only  a 

few  of  its  alloys  are  of  any  practical  importance.  With  antimony  and  arsenic  it 
forms  brittle  alloys,  the  combination  in  each  case  being  attended  with  ignition. 
(Fischer.) 

Barium  unites  with  it  at  the  heat  of  the  oxyhydrogen  blowpipe,  forming  a  silver- 
white  alloy  which  gradually  oxidises  on  the  surface.    (Clarke.) 

Equal  parts  of  bismuth  and  paUadium  form  a  grey  alloy  having  the  hardness  of 
steeL     (Chenevix.) 

Copper  and  palladium  unite  without  incandescence;  4  pts.  copper  and  1  pt  pal- 
ladium form  a  white  ductile  alloy ;  equal  weights  of  the  two  metah)  yield  a  yellow- 
brown  brittle  alloy,  harder  than  wrought  iron,  and  when  fused  together  before  the 
oxyhvdrogen  blowpipe,  an  easily  ftisiWe  alloy  of  pale  colour,  susceptible  of  a  high 
polish,  easily  attacked  by  the  file  (Clarke).  Palladium  forms  with  copper  an  alloy 
similar  in  properties  and  composition  to  that  which  it  forms  with  tin  {yid,  if^,),  and 
obtained  in  a  similar  manner.    (Deville  and  Debray.) 

With  gold,  palladium  forms  several  alloys,  the  combination  always  taking  place 
without  ignition,  I  pt  palladium  and  1  pt  gold  form  a  grey  alloy  having  the  colour 
of  wrought  iron,  less  ductile  than  either  of  the  component  metals,  and  of  coarse-grained 
fracture ;  1  pt  palladium  and  4  pts.  gold  yield  a  white,  hard,  ductile  alloy ;  an  alloy  of 
1  pt.  palladium  and  6  pts.  gold  is  almost  white.  The  native  alloy  of  palladium,  gold 
and  silver  from  Porpez  contains  85*08  per  cent  gold,  9*85  palladiuin,  and  4*17  silver. 
(Berzelius.) 

The  alloy  of  palladium  and  iron  is  Tery  brittle;  but  an  alloy  of  1  pt  palladium 
and  100  pts.  steel  is  well  adapted  for  cutting  instruments  which  require  to  be  per* 
foctly  smooth  on  the  edge.     (Faraday  and  Stodart.) 
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With  lead,  palladium  forms  a  grey,  hard,  brittle  alloj,  having  a  fine-grained  fracture, 
and  of  specific  graTitj  12*0.    The  combustion  is  attended  with  ignition. 

Bespecting  the  mercurj-eompounds  of  palladium,  see  iiL  888. 

Nickel  and  palladium  unite  at  the  heat  of  the  oxyhydrogen  blowpipe,  forming  a 
highly  lustrous,  very  malleable  alloy.     (Clarke.) 

Equal  parts  of  platinum  and  palladium  unite  at  a  temperature  somewhat  above 
the  melting  point  of  the  latter,  forming  a  grey  aUoy  of  specific  gravity  ld'141,  as 
hard  as  wrought  iron,  less  ductile  than  the  gold  alloy.    ^Chenevix.) 

An  alloy  of  1  pt  silver  and  9  pts.  palladium  is  used  oy  dentists. 

An  alloy  of  equal  pts.  palladium  and  tin  is  somewhat  softer  than  wrought  iron,  and 
has  a  fine-grained  texture  (Chenevix).  When  palladium  is  fused  at  a  red  heat  with 
six  times  its  weight  of  tin,  and  the  resulting  mass  is  treated  with  hydrochloric  acid, 
there  remains  an  alloy  having  the  composition  Pd*Sn',  ciystallised  in  slender  shining 
laminsB.  Similar  allojs  of  palladium  with  silver  and  with  copper  are  obtained  in  like 
manner.    (Deville  andDebray). 

Palladium  dissolves  in  melted  zinc,  but  does  not  unite  with  it  in  definite  proportions ; 
on  treating  the  resulting  alloy  with  hydrochloric  acid,  pure  palladium  remains  undis- 
solved.   (Deville  and  Debray.) 

VAJUbASXIJBBf  BSOMZSB  Ol*.  PaUadium  dissolved  in  a  mixture  of  nitric 
and  hydrobromic  acids,  yields  on  evaporation  a  chestnut-brown  mass  insoluble  in  water, 
but  soluble  in  aqueous  hydrobromic  acid,  and  forming  dark  brown  double  salts  with 
the  bromides  of  potassium,  manganese  and  sine      (Bonsdor£^  I^^gS-  ^^^"^  ^^  347.) 

PA  Till  A  "DXPag,  CABBZ9B  OV.  Palladium  fused  in  a  crucible  filled  with  lamp* 
black  becomes  so  brittle,  that  if  struck  with  a  hammer  while  red-hot,  it  falls  to  powder 
and  gives  ofif  a  white  fame.  Bespecting  the  formation  of  palladium-carbide  in  an 
aloohol-fiame,  see  below. 

PATiTiAPIUai,  CHXMUXDIEB  OF.  The  dichloride  or  PaOadiatu  ehhride, 
Pd^Ci',  is  prepared  by  dissolving  palladium  in  hydrochloric  acid  to  which  a  little  nitric 
acid  is  added,  and  evaporating  the  solution  to  diyness,  to  expel  the  excess  of  acid.  The 
compound  is  a  mass  of  a  dark  brown  colour,  which  becomes  black  when  made  anhydrous 
by  heat,  and  may  be  fused  in  a  glass  vessel.  When  heated  in  platinum  vessels,  it 
becomes  contaminated  with  the  chloride  of  that  metaL  When  diraolved  with  chloride 
o/poUissiumf  it  forms  a  double  salt,  K*Pd''Gl\  which  is  soluble  in  cold,  and  considerably 
moro  so  in  hot  water,  and  crystallises  in  four-sided  prisms  of  a  duU  yellow  colour. 
Dichloride  of  palladium  also  forms'  double  salts  with  the  chlorides  of  ammonium, 
sodium,  and  several  other  metals. 

The  tetrachloride  or  Palladie  chloride,  Pd^'Cl^  is  obtained  in  solution  when 
the  dichloride  is  dissolved  in  concentrated  nitcomuriatic  add,  and  the  solution  is  only 
slightly  heated.  Its  solution  is  of  so  dark  a  colour  as  to  appear  black,  and  gives  a  red 
precipitate  with  chloride  of  potassium.  When  the  solution  is  diluted  or  more  strongly 
heated,  chlorine  gas  is  evolved,  and  dichloride  of  palladium  reproduced.  The  doftble 
salt  of  this  chloride  and  chloride  of  potassium  is  obtained  by  treating  potassio-palladious 
chloride  in  fine  powder  with  nitzomuriatic  acid,  and  evaporating  the  supernatant  liquid 
to  dryness.  It  forms  a  dnnabar-red  powder,  in  which  octahe&d  crystals  can  be  per- 
ceived, both  the  palladie  and  palladious  double  chlorides  being  isomorphous  with  the 
corresponding  compounds  of  platinum.  When  treated  with  hot  water,  this  double  salt 
emits  chlorine,  ana  is  in  a  great  measure  decomposed. 

PJi&:LiL1>XVBKp  OTAVX9BS  Ol".  Palladium  forms  two  cyanides  analogous  to 
the  chlorides  (see  CrAiUDsa,  iL  260). 

PA.XAAAXirM«  nWVmOTZOM  JkXn  BSTXMATIOV  of.  l.  Reaotums, 
— Nearly  all  palladium-compounds  aro  decomposed  b}  heat,  leaving  metallic  palladium: 
which  may  be  distinguished  from  platinum  by  its  solubility  in  mtric  add,  by  its  reac 
tion  with  tincturo  of  iodine  (p.  328),  or  by  its  behaviour  in  an  alcohol-flame.  If  held 
in  the  inner  flame  of  a  spirit-lamp,  it  unites  with  carbon,  without  first  being  heated  to 
redness ;  and  if  then  quickly  removed  fbom  the  flame,  it  glows  vividly  in  the  air  till 
all  the  carbon  is  burnt  away  and  pure  palladium  is  left:  this  reaction  is  exhibited 
most  conspicuously  by  flnely-divided  piuladinm  which  has  been  dosely  compressed : 
spongy  platinum  does  not  exhibit  it  at  alL 

Palladious  salts  aro  for  the  most  part  brown  or  red^;  their  taste  is  astringent, 
but  not  metallic,  f  he  metal  is  precipitated  from  the  solutions  of  palladious  salts  by 
phosphorttSf  by  stUphurotts  add,  by  nitrite  of  potassium,  by  all  the  fMtals  which 
reduce  silver,  hj  formate  of  potassium,  and  by  aieohol  at  a  boiling  heat  StUphydrio 
acid  and  sulphide  of  ammonium  throw  down  the  brown  sulphide  of  palladium,  insoluble 
in  the  latter  reagent  Hydriodic  acid  and  iodide  of  potassium  throw  down  a  black 
precipitate  of  iodide  of  palladium,  visible  even  to  the  500,000th  degree  of  dilution.  This 
reaction  serves  for  the  separation  of  iodine  from  bromine :  for  alkaline  bromides  do  not 
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precipitate  palladious  salts.  Potash  or  soda  forms  a  brown  precipitate  of  a  basic  salt, 
solnlue,  with  the  aid  of  heat,  in  excess  of  the  reagent.  Ammonia  produces  no  precipitate 
in  a  solution  of  palladious  nitrate ;  but  from  a  solution  of  the  chloride,  it  throws  down 
a  flesh-coloured  precipitate  of  ammonio-chloride  of  palladium,  soluble  in  excess  of 
ammonia.  The  carboruUes  of  potassium  and  sodium  form  a  brown  precipitate  of 
hydrated  palladious  oxide.  Carbonate  of  ammonium  acts  like  ammonia.  Phosphate 
of  aodium  forms  a  brown  precipitate.  Ferroeyanide  Bnd  ferriq/anide  of  potassium  form 
no  precipitate,  but  the  liquid  after  a  while  coagulates  into  a  jelly.  Cyanide  of  mercury 
throws  down  a  white  precipitate  of  (r^mide  of  palladium.  Stannous  chloride  forms  a 
black  precipitate  which  dissolYes  with  intense  green  colour  in  hydrochloric  acid. 
Ferrous  suiphaU  precipitates  palladium  slowly  from  the  nitrate,  but  not  from  the 
chloride.  The  reactions  of  palladium  with  sulphydric  add,  cyanide  of  mercury,  and 
iodide  of  potassium  taken  together,  serve  to  distinguish  it  from  all  other  metals. 

Palladic  salts  are  yery  unstable,  bein^  easily  reduced  to  palladious  salts  by  heat^ 
and  by  reducing  agents :  hence  their  reactions  are  scarcely  known.  The  dazk  brown 
solution  of  the  tetrachloride  is  easily  distingnished  from  the  similarly  coloured  solu- 
tions of  tetrachloride  of  platinum  or  iridium  by  its  property  of  giving  oS  chlorine 
when  heated  and  leaving  the  dichloride. 

Estimation  and  Separation  of  Palladium. — ^Palladium  is  always  estimated 
in  the  metallic  state.  It  is  precipitated  from  its  solutions  in  the  form  of  cyanide  ly  a 
solution  of  cyanide  of  mercury,  the  liquid  not  containing  any  excess  of  add.  The 
precipitated  cyanide  is  then  reduced  to  the  metallic  state  by  caldnation. 

Palladinm  may  be  separated  from  nearly  all  other  metals,  either  by  predpitation 
with  cyanide  of  mercury  or  with  sulphydnc  add,  or  by  the  solubility  of  its  oxide  in 
ammonia.  If  however  the  solution  contains  alcohol,  gold,  platinum  and  some  other 
metals  may  be  predpitated  at  the  same  time.  Palla£um  cannot  be  separated  from 
platinum  by  nitric  acid:  for  an  alloy  of  palladium  with  a  small  quantity  of  platinum 
IS  completely  dissolved  by  that  add. 

To  separate  palladium  from  copper,  with  which  it  is  associated  in  platinum-ore,  the 
two  metals  are  predpitated  together  by  sulphydric  add,  and  the  predpitate,  while 
still  moist,  is  roasted,  together  with  the  platinum,  as  Ions  as  sulphurous  anhydride 
continues  to  escape.  The  metals  are  thereby  converted  into  basic  sulphates,  which 
must  be  dissolved  in  hydrochloric  add,  and  the  solution  mixed  with  mtric  add  and 
chloride  of  potassium,  and  evaporated  to  dryness.  A  dark  saline  mass  is  thus 
obtained,  consisting  of  chloride  of  potasdum,  chloride  of  copper  and  potasaum,  and 
chloride  of  palladinm  and  potasdum;  and  on  treating  this  mass  with  alcohol  of  spedfie 
gravity  0*833,  the  two  former  salts  are  dissolved  and  the  double  chloride  of  palladium 
and  potasdum  remains  (B  erz  el  iu  sV  Accordingto  Dob  er  ei  n  er,  copper  may  be  sepa- 
rated from  palladium  by  redudng  the  latter  metal  with  an  alkaline  formate. 

Atomic  Weight  of  Palladium, — ^Beraelius  (Pogg.  Ann.  xiii.  436)  determined  the 
atomic  weight  of  this  metal  in  the  same  manner  as  that  of  iridium  (iii.  321)  by 
redftdng  potassio-palladious  chloride,  2KCLPd''Cl*,  in  a  current  of  hydrogen.  As 
this  salt  cannot  be  dried  without  partial  decompodtion,  the  mixturo  of  chloride  of 
potasdum  and  metaUic  palladium  left  after  the  ignition  was  weighed,  as  was  also  the 
palladium  left  after  dissolving  out  the  chloride  of  potasdum  with  water.  In  one 
experiment^  0*576  grm.  palladium  were  obtained  to  0*809  grm.  potassium-chloride, 
in  another,  0*851  grm.  palladium  to  1*192  potasdnm-diloride.  If  £01  ■-  74*5, 
the  mean  of  these  experiments  gives  Pd  a  126*26  or  nearly  126. 

WAXMULDZUmf  nVOSXDS  OF.  Pd"E^.— Formed  as  a  brown  predpitate  on 
adding  hydrofluoric  add  to  a  concentrated  solution  of  palladious  nitrate.  On  evapo- 
ratmg  to  diyness,  there  remains  a  brown  earthy  mass,  only  a  small  portion  of  which  is 
dissolved  by  water.  It  is  not  altered  by  ignition,  is  sparingly  soluble  in  hydrofluoric 
add,  and  dissolves  very  slowly  in  caustic  ammonia,  forming  a  colourless  liquid,  which 
may  be  evaporated  by  heat,  and  ultimately  deposits  fluoride  of  palladium  as  a  colour- 
less crystalline  salt,  which  may  be  heated  to  100^  without  decompodtion,  but  decom- 
poses at  a  higher  temperature,  leaving  a  grey-brown  powder. 

Ammonio'palladious  fluoride  is  obtained  as  a  brown  radiate  mass  by  dissolving  pal> 
ladions  fluoride  in  boiling  aqueous  ammonia,  and  evaporating. 

Potassio-palladious  fluoride  is  predpitated  on  mixing  palladious  nitrate  with  fluoride 
Qf  potassium,  as  a  light  yellow  powder  sparingly  soluble  in  water. 

Sodio^alladious  fluoride  is  obtained  in  like  manner  and  possesses  similar  properties. 

PAZAABZITM,  ZODn^B  OV,  Pd'l*.—P&lladium-foil  turns  black  when  an  alco- 
holic solution  of  iodine  ia  evaporated  to  diyness  upon  It ;  this  reaction  distinguishes 
palladium  from  platinum,  which  remains  bright  when  thus  treated  (Berzelius). 
Similarly,  palladium<rfoil  heated  in  iodine  vapour  becomes  covered  with  coloured  fllms, 
and  afterwards  turns  brown ;  the  application  of  heat  or  treatment  with  ammonia  restores 
its  brightness.    Iodine  heated  in  a  glass  tube  with  finely-divided  palladium,  combines 
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l^ttt  imperfectly  with  it ;  and  again,  when  palladium-foil  is  boiled  with  iodine  and  water, 
or  with  hydriodlc  acid  and  nitric  acid,  part  of  it  remains  unaltered.    (Lassaigne.) 

Iodide  of  palladium  is  obtained  in  the  form  of  a  black,  tasteless,  inodorous  mass, 
by  precipitating  a  polladious  salt  with  iodide  of  palladium,  washing  with  boiling  water, 
ana  diying  the bla(» gelatinous  flakes  for  24  hours  in  vacuo  (Lassaigne,  J.  Chim.  med. 
xi.  67).  It  ^Tes  off  its  iodine  between  800^  and  360^.  Boiling  potash  decomposes  it 
with  separation  of  a  black  powder  consisting  of  palladious  oxide.  It  is  insoluble  in 
water,  alcohol,  ether,  and  hydriodic  acid  (thereby  distin^shed  from  iodide  of  platinum) 
(Lassaigne).   Thiis  compound  serves  for  the  quantitative  estimation  of  iodine  (iii.  296). 

T A TiTi A TM^Flf ,  OZXBSB  OF.  The  protoxide  or  Palladious  oxide,  Pd"0, 
is  obtained  in  the  anhydrous  state  by  decomposing  nitrate  of  palladium  at  a  moderate 
heat,  or  by  heating  a  palladious  salt  with  carbonate  of  potassium  to  commencing  red- 
ness, and  exhausting  the  residue  with  water.  It  is  a  dark  gray  or  black  powder, 
sparingly  soluble  in  adds,  and  is  reduced  to  the  metallic  state  at  a  bright  red  heat. 

PalUtdious  hydrate  is  obtained  as  a  dark  brown  precipitate  by  mixing  the  solution 
of  a  palladious  salt  with  excess  of  potassic  or  sodie  carbonate.  It  gives  off  its  water  at 
a  m<Mlerate  red  heat.    It  is  easily  soluble  in  adds. 

The  dioxide  or  Palladie  oxide,  Pd**0',  is  not  known  in  the  separate  state.  From 
a  solution  of  palladio  chloride,  alkalis  and  alkaline  carbonates  throw  down  a  brown 
predpitate  consisting  of  hydrated  palladie  oxide  combined  with  the  alkali.  This  com- 
pound gi'res  off  half  its  o:^gen  at  a  moderate  heat,  and  the  whole  at  a  hisher  tempera- 
ture. From  hot  solutions,  a  black  predpitate  is  obtained  containing  the  anhyorous 
dioxide.  The  hydrate  dissolves  slowly  in  adds,  forming  yellow  solutions.  In  strong 
hydrochloric  ada  it  dissolyes  without  aeoompodtion,  foTming  potasno-palladio  chlori& 
arisine  from  admixed  potash ;  with  dilute  hydrochlozic  add,  on  the  contrary,  it  gives 
offchlQrine* 


FAIAA»XU1K»  SSSJnrXBB  OP.  Pd"Se.— The  two  bodies  unite  easily,  the 
combination  being  attended  with  evolution  of  heat.  The  product  is  a  groy,  infusible 
compound,  which  when  heated  in  the  blowpipe  flame,  gives  off  selenium,  and  leaves  a 
greyish-white,  brittle,  crystalline,  metallic  bead  containing  selenium.    (Berzelius.) 

FAXAA9XUM,  SVZiPBZBa  OF.  Pd'S.— PaUadium  and  sulphur  heated 
together  unite,  with  incandescence,  forming  a  bluish-white,  metallic-shining,  very 
hard  compound,  having  a  shining  laminated  fracturo,  and  melting  at  the  same  tempe- 
rature as  silver.  By  predpitatinjg  a  paUadium-ealt  with  sulphydric  add  or  an  alkaline 
sulphide,  sidphide  of  palladium  is  obtained  as  a  black  powder,  having  a  bluish  tinge 
and  semi-metallic  lustre.  Sulphide  of  palladium  heated  to  redness  in  the  air  oxidises 
very  slowly,  forming  a  bade  sulphate  or  oxysulphate  of  palladium.  Heated  in  a 
stream  of  chlorine  gas,  it  forms  chloride  of  sulphur  and  dicmoride  of  palladium. 

FAXiliAPXUlg^ll  A  BM|  AKMOVZACA&a  (Yauquelin,  Ann.  Chim. 
Ixxxviii  167.— Fischer,  Schw.  J.  li.  192.— Ann.  Ch.  Pharm.  hdv.  260.— 
Fehling,  ^nd,  xxxix.  116. — Hugo  Kiiller,  ibid.  IxxxvL  841.)— a.  A  moderately 
concentrated  solution  of  dichloride  of  palladium  treated  with  a  dight  excess  of 
ammonia,  yidds  a  beautiful  flesh-coloured  or  rose-coloured  predpitate,  consisting  of 
N^H^Pd'CP  (Yauquelin,  Fehling,  Fischer).  This  predpitate  dissolves  in  a 
larger  excess  of  ammonia;  and  the  ammoniacal  solution,  when  treated  with  adds^ 
yidds  a  yellow  predpitate  haviujg  the  same  compodtion  (Fehling,  Fischer). 
Tbia  yellow  modification  is  likewise  obtained  by  heating  the  red  compound  in  the 
moist  state  to  100^,  or  in  the  dry  state  to  200^.  The  yellow  compound  dissolves 
abundantly  in  aqueous  potash,  forming  a  yellow  solution,  but  without  giving  off  am- 
monia, even  when  the  Hquid  is  heated  to  the  boiling  point ;  the  red  compound  behaves 
in  a  similar  manner,  but,  before  dissolving,  is  converted  into  the  yellow  modification. 
For  this  reason,  Hugo  Muller  regards  the  red  compound  as  ammonio^hloride  of 
palladium,  2NH".Pd"Cl«,  and  the  yellow  as  chloride  of  palladammonium,  N«H«Pd".a«. 
The  yellow  compound,  digested  with  water  and  oxide  of  silver,  yields  the  OjrtV20  q/ 
palUuUimnumium,  op  pa/ladamine,  N^H^Pd^O.  This  compound  is  a  strong  base, 
analogous  to  oxide  of  platammonium  (q.  v.).  It  is  soluble  in  water,  to  which  it  com- 
municates a  strong  alkaline  taste  and  reaction.  By  evaporating  the  solution  in  vacuo, 
the  base  is  obtained  in  the  form  of  a  crystalline  mass,  which  absoibs  carbonic  add 
rapidly  Irom  the  air,  especially  when  moist.  It  unites  with  adds,  forming  definite 
salts.  Its  solution  precipitates  the  salts  of  silver  and  copper,  and  an  excess  of  it  does 
pot  redissolve  the  precipitates.  Sulphite  of  palladammonium,  N^H^d^SO*,  ia 
formed  by  saturating  the  solution  of  the  oxide  with  sulphurous  acid,  or  by  the  action 
of  that  add  on  the  yellow  chloiine-compound :  it  crystaUises  in  orange-yeUow 
octahedrons.  The  sulphate,  N'H*Pd".SO\  ctystallisee  in  a  dmilar  manner.  The 
nitrate,  iodide,  and  bromide  have  also  been  formed.  The  fluoride  is  obtained  by 
adding  the  chloride  to  a  solution  of  fiuoride  of  silver.    (H.  Miiller.) 
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fi.  The  oompound  4NH'JPd''Cl*  (called  by  Miiller,  chloride  of  pallad-diainine\  iriudi 

may  be  fonnulated  as  a  chlorooitride  p^^l  nit  O'  ^  chloride  of  ammop{Uladammonium, 

W       ) 

Pd"      vN*. CI*,  separates  from  the  ammoniacal  solution  of  chloride  of  palladammoninm, 

in  colourless,  oblique  rhombic  prisms,  which  at  200^  giro  off  half  their  ammonia  and 
are  reduced  to  !N*HTd"Cl'  (Fehling).  The  corresponding  iodide  and  bromide  are 
likewise  obtained  b^  treating  the  solutions  of  iodide  and  bromide  t>f  palladium  or 
palladammonium  with  ammonia.  They  both  ciystallise  readily.  The  fluoride  is 
obtained  by  adding  ammonia  to  the  solution  of  chloride  of  palladammonium  in  fluoride 
of  silver,  and  evaporating :  it  forms  oblique  rhombic  prisms.  The  tilioo-fluoride  is 
obtained  in  crystalline  scales  on  adding  hydrofluositlcio  acid  to  any  soluble  salt  of 

palladammonium.  The  oxu20  N^H*'PdK)'  —   Pd^tO  ^  o^^'^^  ^J  do<^°^P<>Bing  the 

solution  of  the  chloride  with  oxide  of  silver,— or  better,  the  sulphate  with  hydrate  of 
bariauL  A  strongly  alkaline  solution  is  thereby  formed,  which,  on  evaporation^ 
leaves  the  hydrated  oxide  in  the  form  of  a  crystalline  mass,  though  not  quite  pure. 
The  solution  precipitates  the  salts  of  aluminium,  iron,  cobalt^  nickel,  and  copper,  but 
not  those  of  silver;  expels  ammonia  from  chloride  of  ammonium,  on  boiling;  and 
absorbs  carbonic  acid  from  the  air.  The  carbonate  obtained  in  this  manner,  or  by 
decomposing  the  chloride  with  carbonate  of  silver,  or  the  sulphate  with  carbonate  of 
barium,  crystallises  in  shining,  colourless  prisms,  which  turn  yellow  at  a  little  above 
100° ;  the  solution  of  this  salt  is  strongly  alkaline,  and  gjjes  copious  precipitates  with 

salts  of  calcium,  barium,  copper,  and  silver.  The  atdphite,  Pd"     i.  ^i,  obtained  by  direct 

(SO)"  y" 

combination,  or  by  the  action  of  ammonia  on  sulphite  of  palladammonium,  forms  small 
prismatic  crystals,  sparingly  soluble  in  water,  insoluble  in  alcohol,  and  turning  yellow 
at  about  392°.  The  sulphaiej  obtained  by  treating  palladious  sulphate  with  excess  of 
ammonia,  forms  small  colourless  prisms,  easily  soluble  in  water,  but  insoluble  in 
alcohol    (Hugo  Muller.) 

VA&&A»ZirM-BA8S8,  OBCkAVXO.  (Hugo  Miiller,  loe,  a^>- «.  EthjfU 
compounds.  When  ethylamine  is  added  to  a  solution  of  palladiouf  chloride^  a  yellow 
precipitate  is  formed  containing  (C'H'N)'.Pd''Cl'.  It  dissolves  in  ethylamine,  forming 
a  colourless  solution,  which  on  addition  of  hydrochloric  acid  yields  a  pale  yellow  pre- 
cipitate, afterwards  becoming  dark  yellow  and  crystalline:  this  precipitate  is  meta- 
meric  with  thepreceding,  and  appears  to  consist  of  chloride  of  palladethylam- 

(C«H*)«^ 
monium    Pd"    vN'Cl*.    A  solution  of  this  yellow  salt  in  excess  of  ethylamine  de- 
H*    ) 

(C«H»)«    )  (CH»)*)^, 

posits  colourless  prisms  of  the  salt       Pd"       VN^Cl*  or     Pd"    y}L^ 

H«(C«H"N)«i  H«    j^^- 

When  the  chloride  of  palladammonium  (p.  328)  is  treated  with  aqueous  ethylamine 
H  quickly  becomes  decolorised  and  dissolves  on  gentle  heating,  to  a  colourless  liquid, 

(C'H«N)»)  (C«H»)«j„. 

which  on  cooling  deposits  colourless  czystals  of  the  salt      Pd"     IN'CI*  or    Pd"    >q^ 

Huller^s  chloride  of  pcdadethyldiamine. 

0.  Pheni/l-compound.'^On  adding  aniline  suspended  in  water  to  a  solution  of 
p&iladious  chloride,  a  pale  yellow  crystalline  precipitate,  insoluble  in  excess  of  aniline, 
IS  formed,  probably  consisting  of  chloride  of  palladio-phenyl ammonium, 
H'(OH*)^Pd*^*.0P.  The  corresponding  iodine-compound  is  obtained  as  a  yellow 
crystalline  powder  on  mixing  finely  divided  iodide  of  palladium  with  aniline  suspended 
in  water. 


Syn.  with  Ricxnxlaidic  Acid. 
Syn.  with  BioiineLAiDxir. 

C>«H"NO  «  ^'^'^|n.    (RCarlet.  BulL  Soc  Chim. 

1869,  p.  175.) — TMs  compound  is  obtained  by  heating  palmitate  of  ethyl  with  alcoholic 
ammonia  for  twenty  to  twenty-five  days  in  a  sealed  tube  immersed  in  a  salt-bath,  and  is 
purified  by  re-cxystaUisation  nom  hot  alcohol,  and  repeated  washins  with  cold  ether.  It 
melts  (or  solidifies^  at  101*5°.  By  heating  in  a  sealed  tube  wi£  alcoholic  potash,  it 
16  resolved  into  paimiti3  acid  (solidifying  at  69 '6°)  and  ammonia. 
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The  margaranade  which  Boullay  obtained  by  the  action  of  ammonia  on  olive-oil 
probably  consisted  chiefly  of  oleamide  (p.  192). 

9A&MZTZC  AC»n>.    C'*H«0«  =  ^"^"^lo.      (ktyUo  acid.      EthaUc  acid. 

Olidie  acid.  (Cheyrenl,  Recherehes  sur  lea  corps graa,  p.  59. — Dnmas  and  Stas, 
Ann.  Ch.  Phya.  [2]  Izxiii.  113. — ^Varrentrap^,  Ann.  Ch.  Fhann.  xxxv.  209. — 
Fr^my,  ibid,  xzxvi.  44. — Stenhonse,  ibid,  xxxtl  60. — "L.  Smith,  ibid.  xliL  241. — 
Sthamer  and  Meyer,  i6u2.  xllii.  335. — H.  Schwarz,f^.  Ix.  69. — Heintz,  see 
references  already  giren  iiL  1069. — ^v.  Bock,  J.  pr.  Chem.  xlix.  295. — Bert  helot, 
Ann.  Ch.  Phys.  [3]  xli  216,  432;  zlvii.  297.— Maskelyne,  Chem.Soc.  Qu.  J.  viii.  1. 
— Gm.  xvi.  860.— Gerh.  iL  796.) 

This  acid  is  nniyersally  distributed  in  the  fats  of  the  animal  and  regetable  kingdoms. 
It  occurs:  a.  Combined  with  glycerin,  in  huge  quantities^  in  palm-oil  (Fr^my);  in 
Chinese  tallow,  the  Ut  of  Siillingia  seb^fera  (Maskelyn  e) ;  in  Japan  wax  (S  tham  er); 
in  the  wax  of  Myrica  ubtfera  (Mo ores). — fi.  Combined  with  ethal,  in  spermaceti 
(L.  Smith).— >y.  In  the  melissin  of  bees-wax,  aspalmitote  of  melissyl  C>*H**(C'*H*>)0> 
(Br o die). — d.  In  the  firee  state  in  partially  decomposed  fats,  especially  in  palm-oiL 

CheTrenl's  marffaric  acid,  which,  as  already  obsenred  (iii  852),  is  a  mixtnre  of  palmitio 
acid  with  10  per  cent  steane  acid,  is  formed  in  large  quantities  in  the  saponification 
of  spermaceti,  of  human,  jaguar,  and  goose-fats,  and  of  dolphin  and  train  oiU  ;  in  small 
quantity,  together  with  much  stearic  add,  by  the  saponification  of  butter,  hog's  lard, 
beef-suet,  uid  mutton-suet  The  other  yarieties  of  the  so-called  margaric  acid  also  con- 
sist of  palmitic  acid  more  or  less  pure :  hence,  many  of  the  older  o&ervations  relating 
to  maigaric  acid  really  apply  to  palmitic  acid. 

Formation. — 1.  By  the  saponification  of  palmitin,  spermaoeti,  and  melissin.—- 2.  By 
heating  ethal  (cetyUc  hydrate)  with  potash-lime  (Dumas  and  St  as) : 

C»«H»*0     +     KHO      -      C"H«KO«     +     H*. 

Hjdrata  of  Paimitate  of 

eetyl.  potMslum. 

3.  Together  with  acetic  add,  by  melting  oleic  add  (V arrentrapp),  or  elsi'dic  add 
(Meyer),  with  potasdc  hydrate : 

C««H"0«     +     2KH0      -      C'«H"KO«     +     C«H»KO«     +     H«. 

Oleic  Acid.  Palmlbite  of  Acetate  of 

potaMlum.  potacsium. 

Oleic  add  appears  also  to  be  oonrerted  into  palmitic  add  when  fats  or  fiettty  substances 
are  left  for  a  long  time  in  moist  earth,  or  in  other  moist  situations  exduded  from  the 
air,  the  fat  then  becoming  harder  and  more  brittle.  When  castor-oil  is  distilled  with, 
excess  of  alkali  (iii.  144),  there  remains  in  the  reddue,  together  with  sebadc  add,  an  oily 
add  which  on  standing  deposits  a  large  quantity  of  solid  fat  having  the  mdting  point 
and  oompodtion  of  palmitic  add. 

4.  Together  with  cetylene^  by  the  dry  distillation  of  eetylio  palmitate  (cetin) 
(L.  Smith): 

^^\0      -      C-^OJO     .     CH- 

Cetla.  Palmitic  acid.  Cety lene. 

Preparation,  a.  From  PalTn^oU-^TaXm-oil  is  saponified  with  caustic  potash ;  the 
soap  thus  obtained  is  decomposed,  and  the  separatea  fatty  add  is  purified  by  crystal- 
lisation from  alcohol  (Fr^my).  Stenhouse  dissolves  the  six  or  eight  times  crystal- 
lised add  in  caustic  potash,  and  predpitates  it  with  an  add.  Schwarz  saponifies 
palm-oil  with  caustic  potash,  diss<&vee  the  soap  in  hot  alcohol,  allows  the  solution  to 
cool,  and  surifies  the  crystalline  nodules  whicn  separate,  by  repeated  crystallisation 
from  alcohol,  with  aid  of  animal  charcoal.  The  crystals,  when  decomposed  by  hydro- 
chloric add,  yield  palmitic  add,  whidi  must  again  be  crystallised  from  alcohol. 

0.  From  Japan  Wax. — The  wax  is  saponified  by  fusing  it  with  half  its  weight  of 
hydrate  of  potassium,  and  the  soap  is  dissolved  in  water  and  salted  out  The  soda- 
soap  thus  formed  is  dissolved  in  warm  water  and  allowed  to  cool ;  it  is  then  pressed, 
again  dissolved  in  water,  and  the  solution  is  heated  to  the  boilins  point,  and  decom- 
posed with  chloride  of  caldum.  The  lime-soap,  after  being  washed  and  dried,  is  freed 
from  unsaponified  wax  by  means  of  ether,  and  decomposed  by  hydrochloric  acid.  The 
separated  fatty  acid  is  crystallised,  first  from  alcohol,  afterwards  from  a  mixture  of 
alcohol  and  ether,  and  is  lasdv  washed  with  cold  alcohol.     (Sthamer.) 

y.  From  Chinese  Wax. — The  wax  is  saponified  with  alcoholic  potash ;  the  alcohol 
is  distilled  off,  after  addition  of  water;  and  the  soap  is  decomposed  with  sulphuric  acid. 
The  separated  fittty  add  is  then  strongly  pressed,  and  the  press-cake  is  moistened  with 
alcohol,  and  again  pressed  several  times.  The  remaining  mass  is  crystallised  from  hot 
alcohol  until  it  exhibits  the  melting  point  of  palmitic  ada.    (M as  k ely  n  e.) 

8.  From  Coffee-beans, — The  powdered  beuns  ai-e  extracted  with  ether  containing 
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water,  and  the  ether  is  eTaporated ;  the  remaining  yellow  bitter  fat  is  freed  from  the 
Tarions  acids  of  coffee,  and  from  onffeine,  by  shdung  it  repeatedly  with  one-fifth  its 
Tolome  of  water  and  drawing  off  the  aqneons  layer  of  liquid,  and  is  afterwards  saponi- 
fied with  caustic  potash.  The  soap  is  salted  out,  dissolved  in  water,  and  decomposed 
by  dilute  sulphuric  add ;  and  the  mixture  of  oleic  and  palmitic  adds  is  converted 
into  lead'Salts  by  boiling  the  adds  with  carbonate  of  sodium,  dissolving  the  soda-soap 
in  alcohol,  and  predpitating  with  neutral  acetate  of  lead.  The  lead-salts  are  boiled 
with  alcohol,  which  cussolyeB  them  completely ;  but  on  cooling  and  partly  evaporating 
the  solution,  the  palmitate  of  lead  separates  in  the  form  of  a  white  powder,  whilst 
the  oleate  remains  in  iolution.  The  former  is  collected,  washed  with  alconol  containing 
water,  and  decomposed  by  sulphydric  add  under  ether^alcohoL  The  palmitic  add 
remaining  behmd,  when  the  filtrate  is  evaporated,  is  obtained  with  a  melting  point 
of  68'5^  by  five  times  repeated  crystallisation.  (Rochleder,  Ann.  Gh.  Pharm. 
Til  228.) 

«.  From  Okie  add. — Oleic  add  is  saponified  by  a  sliffht  excess  of  hydrate  of  po- 
tassium, with  addition  of  a  little  water ;  a  quantity  of  hydrate  of  potassium,  equal  to 
twice  the  weight  of  the  oleic  add  is  then  added ;  and  the  mixture  is  heated,  with  con- 
stant stirring,  until  the  potash  is  melted,  too  great  a  heat  being  prevented  by  the 
occasional  addition  of  a  few  drops  of  water,  so  that  the  mass  may  not  blacken,  but  only 
assume  a  brown-yellow  colour.  As  soon  as  the  potash  is  melted,  and  hydrogen  gas  is 
evolved,  the  fire  is  removed,  and  the  mass  is  thrown  into  not  too  large  a  quantity  of 
water,  when  the  soap  which  has  been  formed  separates  and  floats  on  the  surface.  The 
soap  is  removed,  dissolved  several  times  in  water,  and  salted  out,  and  afterwards  do- 
composed  by  dilute  hydrochloric  add :  the  palmitic  add  thus  separated  is  purified  by 
erystallisation  from  alcohol.    (Varrentrapp.) 

C  From  Ethal. — ^Ethal,  mixed  with  five  or  six  parts  of  potash-lime,  is  heated  to  210^ 
—220^  (268^— 276<',  accordiiu;  to  Heintz),  in  a  metal-bath  for  five  or  six  hours,  or 
BO  long  as  hydroe^n  is  evolved;  the  readue  is  suspended  in  water ;  and  an  excess  of 
hydrochloric  acid  is  added,  whereby  the  palmitic  add  is  separated  in  white  fiocks. 
After  allowing  the  mixture  to  boil,  the  aad  is  washed,  then  boiled  for  half  an  hour 
with  excess  of  hydrate  of  barium,  and  evaporated  to  dbyness.  The  ethal  remaining 
undecomposed  is  taken  up  by  ether ;  the  residue  is  decomposed  by  hot  hydrodiloric 
add;  and  the  separated  acid  is  washed  and  dissolved  in  ether,  to  remove  traces  of 
undecomposed  barium-salt  (Dumas  and  St  as).  The  palmitic  add  thus  obtained 
still  requires  to  be  fr^ed  from  stearic,  myristia,  and  lauric  adds,  which  are  produced 
at  the  S€kme  time.    (Heintz.) 

The  fatty  adds  obtained  by  saponifying  fats,  or  by  heating  them  with  potash-lime, 
and  decomposing  the  soaps  (amd  ueed  from  oleic  acid  by  the  method  already  described, 
iii.  474),  admit  of  separation  into  two  distinct  portions — ^inasmuch  as  when  they  are 
dissolved  in  hot  alcohol,  a  mixture  of  the  more  difficultly  f^ble  adds  containing  a 
high  percentage  of  carbon,  especially  palmitic,  stearic,  and  likewise  arachidic  add,  if 
present,  crystsdlises  out  on  cooling ; — and  by  pressing  the  crystals,  moistening  with 
alcohol,  and  a^in  pressings  they  may  be  obtamed  separatdy,  while  a  smaller  portion 
of  the  same  acids,  together  with  the  more  easily  fndble  mynstic  and  lauric  adds,  re- 
mains in  solution,  and  may  be  separated  by  methods  already  described  (iii.  474, 
1070). 

When  the  fats  contain  no  adds  with  a  higher  percentage  of  carbon  than  palmitic  acid^ 
and  more  especially  no  stearic  or  arachidic  acid,  or  only  small  quantities  thereof,  they  may 
be  dystalHsed  from  alcohol  until  the  crystals  melt  at  629,  and  are  then  to  be  examined 
as  to  theirpurity  by  the  method  given  at  p.  1070,  vol.  iii  In  the  contrary  case,  the  whole 
of  the  adds  are  dissolved  in  suc^  a  quantity  of  alcohol,  that  nothing  crystallises  out  on 
cooling ;  the  solution  is  precipitated  two  or  three  times  with  a  quantity  of  acetate  of 
magnesium  equal  to  about  ^th  of  the  fiitty  adds ;  and  the  successive  precipitates 
are  separated  by  filtering  ana  pressing.  These  predpitates  contain  the  whole  of  ike 
stearic  add,  provided  the  fat  does  not  contain  txx)  large  a  quantity  of  it,  together 
with  a  relatively  small  quantity  of  palmitic  add.  The  mother-liquors,  diluted  with  a 
large  quantity  of  hot  water,  and  left  to  cool,  deposit  the  palmitic  acid,  which  is  col- 
lected, examined  as  to  its  purity,  and  purified  either  by  recrystallisation  from  alcohol, 
or  by  again  predpitating  it  with  small  portions  of  acetate  of  magnesium  (Heintz) 
In  a  later  process  Heintz  precipitates  the  sodium-salt,  instead  of  the  alcoholic  acid, 
with  acetate  of  magnedum,  in  the  manner  above  describod. 

For  the  older  methods  of  preparation,  whereby  the  so-called  marearic  add  was 
obtained,  together  with  stearic  and  oleic  adds,  see  GTndin't  Handboo%f  xvi.  356. 

FropertUa, — ^Palmitic  add  is  a  colourless  solid  body  without  taste  or  smell,  lighter 
than  water.  It  is  insoluble  in  water,  but  dissolves  abundantly  in  boiling  aicohol  or 
ether.  The  solutions  are  add,  and  when  concentrated,  solidify  in  a  mass  on  cooling. 
When  dilate  they  yield  the  acid  in  tufts  of  slender  needles.    It  melts  at  62°,  and 
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solidifles  on  cooling  in  a  maas  of  shining  naereona  lamine.  According  to  "Frimy, 
palmitic  acid  which  has  been  heated  to  250°,  GzyBtaUises  from  alcohol  in  small  yery 
hard  crTstals. 

Palmitic  add  may  be  melted  together  with  laurio  and  myristie  acids.  In  certain 
proportions  the  mixtures  are  not  separable  bj  crjstallisation  from  alcohol  or  ether : 
they  exhibit  the  following  chaiacters  on  melting  and  solidi^ng  (Heinta) : 


Amlztaraof— 

Meluat 

Mod«oraolldUyhig. 

Palitttlteadd. 

Lttiricadd. 

10 
20 
80 
40 
50 
60 
70 
80 
90 

90 
80 

70 

60 
60 
40 
80 
20 
10 

41-50 
871° 
38-30 
401° 
47-0° 
51-2° 
54-50 
57-40 
59-8° 

Unciystallised. 
Finely  aystallised,  indistmet^ 
Small-leared,  crystalline. 
Splendid  large  laminae. 
Opaque,  scaroely  crystalline. 
Granular,  distinctly  scaly. 
More  distinctly  scaly. 
Still  more  distinctly  scaly. 
Crystalline  scales. 

A  mixture  oC— 

Meltiat 

SolidUlet 
at 

Mode  of  tondiiytng. 

Palmitic  add. 

Ujrimic  acid. 

95 
90 
80 

70 

60 

50 

40 

85 

82*6 

80 

20 

10 

5 

10 
20 

80 

40 

50 

60 

65 

67*5 

70 

80 

90 

611° 
601O 
58<> 

54-90 
51-5«> 
47-8<> 

47° 

46-60 

46-2<' 

46-20 

49-50 

51-80 

58° 

55-60 

53-50 

51-30 
4950 
45-30 
43-70 

•    . 
440 

43-70 
41-30 
45-30 

Crystalline  scales. 

Scales  with  slight  admixture  of 

needles. 
Very  delicate  needles. 
Uneven,  unczystaUised. 
Ijarge  laTniniR. 
Indistinctly  lamellar. 
Unczystallised,  opaque. 

II                » 

»i                II 
UnayBtalllHed. 

Long  needles. 

A  mixture  of  80  per  cent,  myristie  and  70  per  cent.  Ikuric  acid  melts  at  35-lo ; 
and  when  to  20  puts  of  this  mixture^  from  1  to  1(K)  parts  palmitic  acid  are  added,  the 
meltinff-j^ints  of  the  resulting  mixtures  are  altered,  «iym^ing  to  Heinta,  as  follows :  — 
On  addition  o( 


Fklmltie 
add. 

Ipart 

a  ., 

8   ,1 

4 


II 
II 


Tbe  melting 

point  i»— 

88-90 

83-10 

82-2* 

82-70 

33-70 


Falmitie 
add. 

6  parts 

7  ,. 

8 

9 

10 


II 
II 


II 


Tlie  melting 

point  fft— 

34-60 

35-30 

860 

37-30 

88-30 


The  mixtures  with  9  and  10  parts  palmitic  acid  solidify  in  delicate  needles,  the 
others  uncrystallised.    ^Heintz.) 

For  the  mode  of  solidifying  of  mixtures  of  palmitio  and  stearic  adds,  see  Strabio 
Acid. 
The  composition  of  pahnitic  add  is  as  follows : 

CaUmtaUon,  Frfaiy.  StculiouM.  Schwars.  Sthamer.  Varren.  Brodie.             Heints. 

trapp. 

CW     199       75*0  74-8  74'54          74-9  74-43          74v|l  74-»7 

IP*      39        18-5  19*4  19*48            19-6  19-55           19-90            19-46 

O*        ^       19-6  13*3  19-96           19*6  13-09           19*33           19-57 


74-89 
19-ftl 
l-i-60 


74-88 
12C0 
19*.'^ 


9A6      lOO-O      100-0 


100-00 


100*0 


100-00 


100-00 


100-00 


100-00 


100-00 


Palmitic  acid  heated  in  a  dish  boils  and  STaporates  without  residue  (Dumas  and 
8tas).     On  distillation  it  passes  oyer  almost  entirely  unchanged,  giving  off  only  a 
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little  oil  (Fr^myX  *^  leaTing  a  slightly  coloured  residue,  wbieh  melts  at  72^  and 
piobably  consists  of  palmitone  (Maskelyne) ;  the  melting  point  of  the  distiUate  is 
loweiedftom  58°  to  67^,  and  the  percentage  of  carbon  somewhat  increased  (Schwarz), 
but  after  reciystallisation,  the  acid  remains  unaltered.    (Fr^my.) 

When  gently  heated  in  contact  with  the  air,  it  is  bat  slightly  altered,  bnt  at  higher 
temperatures  it  takes  fire  and  bums  with  a  bright  smoky  flame  like  other  fiats.  It 
absorbs  osane  but  slowly,  even  in  presence  of  an  alkali,  much  of  the  acid  remiuning  un- 
altered even  after  exposure  for  several  weeks  to  ozonised  air.  Carbonic  acid  is  formed 
by  the  oxidation,  but  no  other  acid.   (Gorup-Besanez.  Ann.  Ch.  Fharm.  cxxr.  215.) 

Palmitic  acid  is  not  attacked  by  chlorine  at  ordinary  temperatures,  but  at  100° 
hydrochloric  is  evolved  and  oily  substitution-products  are  formed. — ^Distilled  with  lime, 
either  anhydrous  or  hydrated,  it  yields  palmitone  and  carbonate  of  caldum.  (Piria. 
Haskelyne.) 

2C"H«0«      -      C«H«0     +     C0«     +     H«0 

It  is  not  altered  by  heating  to  275°  with  potash-lime  in  a  closed  vessel ;  if  air  be  ad- 
mitted, a  little  butyric  acid  is  formed,  with  separation  of  charcoal,  but  the  greater  part 
of  the  palmitic  acid  remains  unaltered  (Heintz).  When  palmitic  acid  is  heated  to 
low  redness  with  excess  of  potash-lime,  gaseous  and  liquid  oleflnes  are  prodaced. 
(Cahours,  Comjpt  rend,  xxxi  142.) 
Palmitic  acid  heated  with  alcohols  fbrm  compound  ethers. 

Palmitates.  The  formula  of  the  neutral  palmitates  is  C'«H"MO«  (or  perhaps, 
C«H«=M*0*)  for  monatomic,  and  C«*H"]!rO*  for  diatomic  metals.  The  alkali-metals 
also  fbrm  acid  palmitates  analogous  to  the  add  acetates,  butyrates,  &c.,  having  the 
composition  C»«H»»MO*.C»«H«0«,  or  rather  C«H«TSiO*,  the  adds  of  the  series  (>H*0« 
being  most  probably  dibasic.  The  neutral  palmitates  of  potassium  and  sodium  are 
soluble  in  water  and  in  alcohol ;  all  the  rest  are  insoluble.  The  insoluble  neutral 
palmitates  are  obtained  by  precipitating  the  solations  of  the  corresponding  metallic  salts 
with  an  alcoholic  solution  of  pafmitate  of  potassium  or  sodium. 

An  acid  palmitate  of  ammonium,  probably  CH''(NH*)0\  is  deposited  firom  solutions 
of  palmitic  add  even  in  a  large  excess  of  ammonia ;  it  is  insoluble  in  cold  water.  (Fr  ^my.) 

Potassium-salts.  The  neutral  salt,  C^'H"KO',  obtained  by  melting  palmitic 
add  with  carbonate  of  potassium  and  exhausting  with  boiling  alcohol,  cryFtsBises  from 
the  alcoholic  solution  in  white  pearly  scales,  fusible  without  decomposition  or  loss  of 
weight.  It  dissolves  in  a  small  quantity  of  water,  but  is  decomposed  by  a  large 
quantity;  perfectly  soluble  in  alcohol,  insoluble  in  ether. — The  acid  salt,  G^H^KO^  is 
precipitated  on  mixing  a  solution  of  1  pt.  of  the  neutral  salt  in  20  pts.  boiling  water 
with  1000  pts.  cold  water.  By  dissolving  the  dried  precipitate  in  boiling  alcohol,  and 
leaving  the  solution  to  cool,  the  acid  salt  is  obtained  in  small  pearly  scales.  Water 
added  to  the  alcoholic  solution  predpitates  a  more  highly  acid  salt  (Chevreul). 
Schwarz,  by  saponifying  palm-oil  with  potash,  and  crystallising  the  soap  from  alcohol, 
obtained  an  acid  potassic  palmitate  in  nodules  which  melted  at  100°. 

Sodium-salts.  The  neutral  salt,  C"H'*NaO',  prepared  like  myristate  of  sodium 
(iii.  1072),  forms  broad  pearly  laminae  more  easilv  decomposed  by  water  than  the 
potassium-salt  (Dumas  and  Stas).  According  to  Heintz,  it  separates  from  alcoholic 
solution  in  the  form  of  a  jelly,  which,  on  standingwith  a  suffident  quantity  of  alcohol, 
changes  to  colourless  laminae.  The  acid  salt,  C^*^aO^,  obtained  by  dissolving  the 
neutral  salt  jn  1500  pts.  hot  water  and  leaving  the  solution  to  cool,  is  white,  tasteless, 
more  fusible  than  the  neutral  salt,  insoluble  in  water,  easily  soluble  in  hot  aloohoL 
(Chevreul.) 

The  barium-saltf  C^WBaTO*,  is  a  white,  pearly,  crystalline  powder,  which  decom* 
poses  before  melting.  The  magnesium-salt,  C"H**Mg^O*,  is  a  snow-white,  loose 
ciystalline  precipitate,  which  dissolves  in  boiling  alcohol,  and  crystallises  almost  com- 
pletely on  cooling,  in  microscopic  rectangular  laminse. 

The  copper-salt,  C"H**Cu''0*,  is  a  pale  green-blue,  veiy  loose  powder,  composed 
of  microscopic  laminae.  It  melts,  when  heated,  to  a  green  liquid  which  rapidly  decom- 
poses. The  lead-salt,  0"H**Pb*0*,  forms  snow-white  microscopic  scales,  which 
melt  at  108°  (Maskelyne),  between  110°  and  112°  (Heintz),  and  solidify  to  a  white 
opaque  amorphous  mass.  By  heating  this  salt  or  the  acid  with  basic  acetate  of  lead, 
basic  palmitates  of  lead  aie  obtained.  The  silver-salt,  C*'H"AgO',  is  thrown  dovm 
from  cold  solutions  as  a  somewhat  gelatinous  predpitate,  which  is  blackened  by  light  in 
the  moist)  but  not  in  the  dry  state  (Yarrentrapp).  It  appears  amorphous  even 
when  highly  magnified  (Heintz).  It  dissolves  slightly  in  water  (Varrentrapp). 
From  a  solution  in  warm  aqueous  ammonia  it  separates  in  indistinct  scales,    (v.  B  o  r  c  k. ) 

PATiMlTgO  8TRBR8.  a.  Containing  the  alcoholic-radicles  C"H*"'*''. — Meth- 
ylie  Palmitate,  C"H««0»  -  C'«H«(CH»)0*,  obtained  by  heating  palmiuc  add  with 
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methylic  alcohol  in  a  sealed  tube  to  200^ — 260^,  formfl  crystals  which  melt  at  28^  and 
solidify  at  22^    (Berthelot) 

Ethylie  Palmitate,  PulmUic  or  EtJudic  ether,  C**H>H)*  -  0**H»(CH*)0>,  is 
obtained  bj  passing  hydrochloric  add  gas  into  a  saturated  alcoholic  solation  of 
palmitic  acid  (Fr^my,  Heintz);  also  by  heating  palmitic  acid  with  ethylie  alcohol 
to  200^—250°,  or  with  ethylie  ether  to  860^  (Berthelot).  It  crystallises  in  prisms, 
melts  at  24*2*^,  and  solidifies  in  a  foliated  mass  on  cooling.  When  crystallised  &om  an 
alcoholic  solation  at  6^  to  10°,  it  forms  long  flattened  needles. 

AmylicPalmitate.C^m^Ky  -  C'«H«'(C*H")0«  is  obtained  by  simOar  processes ; 
also  when  pahnitin  is  boiled  with  amylic  alcohol  containing  amylate  of  sodium  (Duffy, 
Chem.  Soc  Qo.  J.  t.  314).  It  is  soft,  non-crystalline,  and  melts  at  9°  (Berthelot) ; 
atl3*6o     (Duffy.) 

Cetylie  Palmitate,  Cm^^O*  -  <7«H»»(C»«H»»)0«,  constitutes  the  principal  part 
of  the  solid  portion  (cetin)  of  spermaceti. 

Myrieylie  Palmitate,  C**H«0«  -  C|«H"(C*H«)0»  is  contained  in  considerable 
quantity  in  the  portion  of  bees-wax  which  is  insoluble  in  boiling  alcohol  (see  Mtjucin, 
ui.  1069). 

3.  Pjllxitatss  of  Gltcbbtl  or  Fi.i.xiTiir0.  Palmitic  add  forms  three 
compounds  with  glycerin: 

Monopalmitin,  C>'H"0*  a  ^  C'*H!'>o{  ^*  ^  obtained  by  heating  a  mixture  of 

glycerin  and  palmitic  add  to  200^  for  24  hours.  It  forms  radiating  colourless  prisms, 
melts  at  68°,  and  distils  in  the  barometric  yacuum  without  alteration.  Heated  in  con- 
tact with  the  air,  it  yields  acrolein.  It  diasolres  readily  in  ether.  It  is  saponified  by 
oxide  of  lead,  yielding  glycerin  and  palmitic  acid. 

Dipalmitin,  (}**H"0*  i-  H^ C'H^O^* I  ^'  ^  P^^^^ced  by  heated  palmitic  add 

and  glycerin  together  to  100°  for  14  hours.  It  forms  colourless  tables  or  needles,  which 
melt  at  60^,  yield  acrolein  when  heated  in  the  air,  and  bum  without  residue.  It  is 
rapidly  sapoxufied  by  oxide  of  lead  at  100^. 

Tripalmitin,  C*>£P"0'  »  ^C*'H*>0'k*C^''  ^  obtained  by  heating  a  mixture  of 

1  pt.  monopalmitiu  and  10  pts.  palmitic  add  to  250°  for  28  hours.  It  is  solid,  melts  at 
60°,  solidifies  at  46°,  and  is  saponified  by  oxide  of  lead. 

Natural  pahnitin,  occurring  in  the  fats  which  yield  palmitic  (or  margaric)  add, 
by  saponifimtion,  is  isomeric,  if  not  identical,  with  tripalmitin.  It  is  crystallisable, 
sparingly  soluble  in  alcohol,  and  dissolres  in  all  proportions  in  ether.  According  to 
Duffy  {loc,  cit),  it  exhibits  three  distinct  melting  points,  viz.  46°  61*7°  and  62*8°, 
corresponding  to  three  different  physical  modifications  (see  Gltcb&idbs^  ii  879).  It 
solidifies  at  46*5°. 

Palmitin  exists  in  palm-oil,  Japan  wax  (Sthamer),  human  fat  (Heintz),  and 
coffee-berries  (B  o c  h  1  e  d  e  r).  It  is  extracted  from  palm-oil  by  pressure,  and  the  residue 
is  washed  with  boiling  alcohol,  and  crystallised  sereral  times  from  ether. 

y.  Pauotatb    of   Maiihitti..      JDipalmito-fnannitan,    Manniie  mono-palmittoue, 
(C»H")'«  ) 
.C**H"0'  -  (Ci«H"0)HO*.    To  prepare  this  compound,  palmitic  add  is  heated  with 

H«  3 
mannite  in  a  sealed  tube  to  120°  for  15  to  29  hours,  and  the  fatty  layer  which  floats  on 
the  surface  and  solidifies  on  cooling,  is  melted  in  a  water-bath,  mixed  with  a  little 
ether  and  with  excess  of  slaked  lime,  heated  for  10  minutes  to  100°,  and  then  ex- 
hausted with  ether.  If  the  product  obtained  by  evaporating  the  ethereal  solution 
reddens  litmus,  in  must  be  once  more  treated  with  ether  and  lime. 

Hannitic  palmitato  is  a  solid,  white,  neutral  mass,  resembling  palmitin,  and  separat- 
ing from  ether  in  microacopio  crystals.  It  melts  to  a  wax  when  heated  on  platinum- 
fbil,  and  TolatiUses  almost  undecomposed,  charring  only  towards  the  end ;  the  residue 
bums  away.  Water,  at  240°,  decomposes  it  in  a  few  hours  into  mannitan  and  palmitic 
add.  Insoluble  in  water,  soluble  in  ether.  (Berthelot^  Ann.  Ch.  Phys.  [3]  xlrii. 
823.) 


See  Palmitatbs  of  Gltoebtl  (p.  334). 

0"'H«0     -    ^I^I^I  £!fAa/o««.  (Piria,()omptrend.xxxiv. 

140;  Maskelyne,  Chem.  Soc  Qu.  J.  Tiii.  1.) — ^The  acetone  or  ketone  of  palmitic 
add.  It  was  first  obtained  by  Buss y,  who  called  it  mar^arons,  but  his  product  whs 
probably  mixed  with  stearona  To  prepare  it^  palmitic  add  is  distilled  with  excess  of 
slaked  lime  (Piria),  or  with  one-fourth  of  its  weight  of  quicklime(Maskelyne),and 
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the  product  is  poriiled  by  repeated  ayBtallisatioii  from  boiling  aloohoL  It  forms  small, 
white,  pearly  scales  or  lamiBse ;  melts  at  84^,  and  solidifies  at  80°  to  a  highly  electric 
mass  (Maskelyne).  It  dissolves  in  alcohol,  with  greater  facility  as  the  alcohol  is 
stronger  (Pi r i a).    JSasily  soluble  in  henseru.    (Maskelyne.) 

It  resists  the  action  of  mtrio  acid  and  of  potaah-ley^  bat  is  attacked  and  blackened  by 
mtrosulphurio  acid  (Maskelyne).  It  does  not  unite  with  acid  9tdpkite$  of  alkali' 
metalt.    (Limpricht,  Ann.  Fharm.  zciv.  246.) 

VAUHCSTOVIO  AOZB.  An  add  of  donbtftil  composition,  said  by  Schwars 
(Ann.  Gh.  Fharm.  Ix.  68)  to  be  produced  when  palmitic  acid  is  kept  in  a  state  of  fusion 
for  a  long  time  in  contact  with  tne  air.  Schwars  supposes  that  under  these  circum- 
stances a  portion  of  the  carbon  and  hydrogen  of  the  palmitic  acid  is  removed  by 
oxidation,  and  an  acid  is  left  bavins  the  composition  Cr^IP^O*  or  O'H'H)*.  (For  a 
description  of  this  supposed  acid  and  its  salts,  see  Handworterbuch  d,  Ckem,  vi.  86.) 

VA&mm.  C*'H*iO.— The  hypothetical  radicle  of  pslmitio  add  and  its  de- 
rivatives.    The  same  term  is  sometimes,  but  improperly  apphed  to  cetyl,  C**H". 

VAXM-OI&  or  VA&M-BVTTXB.  This  fat,  which  in  the  fresh  state  consists 
mainly  of  tripalmitin  with  a  small  quantity  of  olein,  is  obtained  from  the  fruit  of  certain 
kinds  of  palm.  Cocas  butyraeca  according  to  some  authorities,  Avoira  elais  according  to 
others ;  it  is  imported  ft^m  Cayenne  and  the  coast  of  Guinea.  It  has  the  consistence 
of  butter,  an  orange  colour,  ana  an  odour  somewhat  like  that  of  violets.  The  fresh  oil 
melts  at  27°i  but  as  it  sets  stale,  the  melting  point  rises  to  31°  and  even  to  36^  in 
consequence  of  the  resolution  of  the  neutral  fats  into  glycerin  and  fatty  adds.  Old 
palm-oil  usually  contains  a  considerable  quantity  of  nee  palmitic  add,  the  decom- 
pontion  being  induced,  according  to  Pelouze  and  Boudet^  by  the  presence  of  a 
peculiar  ferment.  It  gtres  off  add  vapours  when  heated  to  140°  and  above^  and  at 
300°  it  boils,  emitting  the  odour  of  acrolein,  and  yielding  a  distillate  of  fiitty  adds 
(Fohl^.  It  dissolves  in  strong  sulphuric  add,  and  the  solution  on  standing  deposits 
palmitic  add  (Fr^my).  It  dissolves  slowly  and  incompletely  in  cold  alcohol,  but 
mixes  in  all  proportions  with  ether ;  dissolves  in  oil  of  turpentine  and  oil  of  almonds, 
with  separation  of  flocculent  matters.  (Guibourt^  J.  Chim.  mM.  L  177. — ^Henry, 
J.  Fharm.  li  241.) 

Falm-oil  is  extensively  used  in  the  manufkcture  of  soap  and  candles,  also^  mixed 
with  tallow  and  a  certain  portion  of  caustic  soda,  for  making  railway  grease  (see 
Richardson  and  Watts* s  Chemical  Technology,  voL  i.  pt  8,  p.  742).  For  the  latter 
purpose  the  crude  yellow  oil  is  used,  but  for  soap  and  candle  making  the  colour  must 
De  removed.  The  bleaching  may  be  effected  by  various  processes,  viz. :  by  the  action 
of  chloride  of  lime,  of  oxygen  derived  from  peroxide  of  manganese  and  sulphuric  acid, 
or  firom  bichromate  of  potash  and  sulphuric  add ; — by  heating  the  oil  in  a  close  vessel 
to  110°  0.  (230°  F.)  by  means  of  high-pressure  steam;  or  to  100°  C.  (212°  F.)in  open 
vessels,  so  that  it  may  be  exposed  to  the  action  of  air  and  lights  This  last  is  the  most 
economical  of  all  methods  of  bleaching  palm-oil,  and  has  almost  entirely  superseded  the 
others.    It  is  carried  out  as  follows : 

Several  very  large  square  or  flat  boxes  or  cisterns  are  prepared,  either  constructed 
simply  of  wood,  or  better,  lined  with  lead.  These  boxes,  wfaich  aro  twelve  inches  deep, 
and  are  furnished  at  the  bottom  with  a  serpentine  leaden  tube  in  connection  with  a 
steam-boiler,  must  be  so  situated  as  to  admit  of  the  free  access  of  air  and  light  After 
they  have  been  filled  up  to  the  height  of  eight  inches  with  water,  palm-oil  is  introduced 
in  floflident  quantity  to  form  a  layer  two  inches  deep  after  being  melted  by  the 
admission  of  the  steam,  the  current  of  which  must  be  regulated  so  as  to  afford  a 
uniform  temperaturo  of  100°.  At  the  expiration  of  ten  or  fifteen  hours,  the  colour  is 
destroyed,  the  length  of  time  required  depending  very  much  on  the  power  of  the  sun's 
ravs.  Falm-oil  might  perha^  be  advantageously  bleached  by  the  tropical  sun  of 
Africa,  beforo  its  importation  into  Europe.  The  bleaching  may  also  be  accelerated  by 
blowing  air  through  the  melted  oiL  The  method  of  bleaching  with  chromate  of  potas- 
mnm  and  sulphuric  add  is  mora  expeditious  than  that  just  described,  but  it  is  also 
much  mora  expensive.  The  oil,  even  after  being  subjected  to  the  most  efiective  pro- 
cess of  bleaching,  still  retains  a  slicht  yellowi^  hoe,  but  this  colour  is  no  longer  per- 
ceptible in  the  soap  made  from  it  (For  further  details  see  Chemical  Ttchndogy,  vol  i. 
pt.  2,  p.  410 ;  also,  Ore's  Dictionary  of  Arts,  &c,  p.  iiL  290.) 


\Mm  The  juice  of  various  kinds  of  palm  yields  a  saccharine  mstter 
from^  which  cane-sugar  may  be  extracted.  In  Java,  a  black  very  hygroscopic  sugar  is 
obtained  from  the  j nice  of  Arenga saccharifera  and  of  Saguerus  Bun^Jdi,  Serthelot, 
(Compt.  rend.  xlvi.  1276;  has  extracted  cane-sugar  from  the  latter.  The  so-called 
Inp;ar  or  Lontar  sugar  of  India  is  prepared  from  the  flower-stalks  of  Borasstufiabetlifer  ; 
it  IS  likewise  hygroscopic^  and  is  said  to  be  purgative  when  taken  in  large  quantity. 
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-WASC  Oera  de  Palma, — ^This  wax  is  the  prodtice  of  Cemsylon  andioola^ 
a  speeiee  of  palm  mdigenoiu  in  the  tropical  regions  of  America.  The  entire  stem  of 
the  tree,  which  is  two  feet  thick  and  fifty  feet  high,  is  coTered  with  a  layer  of  wax; 
this  is  removed  by  scraping,  and  purified  with  hot  water,  in  which  it  does  not  melt, 
bnt  collects  in  a  soft  state  on  the  surface.  It  is  mixed  with  a  liUle  tallow  to  render  it 
less  brittle,  and  formed  into  balls,  in  which  state  it  is  sent  into  commerce ;  it  is  used  in 
South  America  for  making  candles. 

Palm  wax  unmixed  with  tallow  is  dark  vellow,  somewhat  translucent,  and  has  a 
eonchoidal  fracture.  It  beeomes  strongly  electric  by  friction,  melts  at  a  temperature 
somewhat  above  the  boiling  point  of  watar,  and  takes  fire  at  a  somewhat  higher  tem- 
perature, burning  with  a  bright  smoky  flame.  It  dissolves  gradually  but  completely 
in  caustic  alkalis.  It  is  likewise  soluble  in  ether,  and  the  somtion  when  left  to  evapo- 
rate  deposits  the  wax  in  crystals  resembling  carbonate  of  sodium.  Hot  alcohol  resolves 
it  into  two  distinct  substances,  a  true  wax  and  a  resin.  The  former  separates  as  a 
jelly  from  the  cooling  alcoholic  solution,  and  may  be  freed  from  adhering  resin  by  re- 
peated  solution  in  aloohoL  It  then  melts  below  the  boiling  point  of  water,  and  closely 
resembles  bees-wax  in  colour,  and  also  in  composition,  as  seen  by  the  foUowing  com- 
parison: 

Palm'  Wag. 

BouMiugault.  Levy.  Bte*~waM, 

81-8                81-6  80-73  81*8 

12-6                13-3  13-80  12-8 

67                  51  6-97  6^4 

100-0  1000  10000  1000 

The  resin,  called  ceroxylin,  is  obtained  by  evaporatinff  the  alcoholic  liquor  from 
which  the  jelly  has  been  deposited,  first  to  two-thirds,  whereupon  a  little  more  wax 
separates  from  it,  then  to  one-fourth,  when  the  resin  separates  as  a  shining  dystalline 
mass  containing  83*4  per  cent  carbon,  11*6  hydrogen,  and  6*1  oxygen,  ap;reeing  with 
the  formula  C^H'^O,  which  is  also  that  of  elemi-resin.  Its  melting  pomt  is  above 
100^.  In  the  fused  state  it  has  the  colour  of  amber,  and  splits  in  all  directions  as  it 
cools.    It  is  soluble  in  ether  and  in  volatile  oils. 

Wax  is  likewise  obtained  from  some  other  spedes  of  palm.  The  leaves  of  the 
Gamauba  palm  (Corypha  cerifera),  a  native  of  northern  Brazil,  are  coated  with  a  thin 
layer  of  wax,  which  peels  off  as  they  dry.  It  is  very  brittle,  easily  pulverised,  melts 
at  83'6^,  dissolves  in  boiling  alcohol  and  ether,  and  senarates  as  a  crystalline  mass  on 
cooling.    Lewy  foimd  in  it  80*4  per  cent  carbon,  13*1  hydrogen,  and  6*6  oxygen. 

According  to  Teschemacher,  considerable  quantities  of  palm-leaves,  probably  of 
the  dwarf  palm  {Ckamaropt  humUis\  are  imported  into  the  United  States  from  Cuba 
and  the  other  West  Indian  islands,  for  the  use  of  hatters.  These  leaves  are  also  coated 
with  a  thin  layer  of  wax.  Teschemacher  obtained  from  a  single  lea^  by  scraping  with 
the  finger,  90  grains  of  white  pulverulent  wax,  and  by  exhaustion  with  alcohol,  800 
grains  more  of  a  somewhat  grey  colour.  This  wax,  when  treated  with  a  small  quantity 
of  alcohol,  is  resolved  into  two  unequally  soluble  constituents. 

VA&BI-WAJiJk  An  alcoholic  beveraee,  prepared  by  fermentation  of  the  saccha- 
rine juice  of  certain  palms.  In  Amboina,  uie  juice  of  Arenga  sacchartftra  is  used  for 
this  purpose.  Palm-wine  is  likewise  obtained  from  Sagus  rapkia,  Mauritia  vinifera, 
Phanix  ddctylifera^  Cocos  nuciferOj  and  others.  In  South  America  an  intoxicating 
drink,  called  Pulga  or  PtUque,  is  prepared  from  the  juice  of  Fouroraa  adaraia, 

VAMAAASB.    Syn.  with  Tbtbahediuts. 

PAJf  CSMATZO  JUICB.  A  clear,  ropy,  colourless  fluid,  free  from  special  mor- 
phological constituents,  of  no  particular  oaour,  with  a  distinctly  alkaline  reaction, 
flowing  from  the  pancreas  into  the  upper  part  of  the  duodenum,  and  of  great  use  in 
digestion.  The  quantity  secreted  during  a  given  time  varies  exceedingly,  and  depends 
mainly  on  the  amount  of  food  present  in  the  alimentary  canal.  The  percentage  of 
tot^  solids  also  varies  greativ  (f^m  23 — 99  for  dogs) ;  in  general,  the  density  of  the 
liquid  is  in  inverse  ratio  to  the  rapidity  with  which  it  is  secreted.  Pancreatic  juice 
decomposes  very  speedily  at  the  orainary  temperature,  and  then  becomes  rose-coloured 
on  the  addition  of  chlorine ;  a  reaction  which  is  lost  at  a  later  stage  of  decomposition. 

In  the  case  in  which  the  total  solids  amounted  to  9*924  per  cent,  the  aalta  were 
*886  per  cent,  and  consisted  chiefly  of  chloride  of  sodium  (*736  per  cent),  sulphates 
of  sodium  and  potassium,  phosphates  of  sodium,  calcium  and  magnesium,  and  carbonate 
of  calcium,  with  traces  of  iron. 

The  greater  part  of  the  organic  matter  may  be  thrown  down  br  alcohol  as  a  white 
flaky  precipitate,  which,  when  separated  by  filtration  and  dried,  is  easily  redissolved 
in  water.     Heat  (72^),  mineral  acids,  tannin,  &c.,   also  produce  precipitates.     The 

Voi.  IV.  Z 
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aqaeons  solatioii  of  the  aloohol-preeipitate  ezhibita  all  the  powen  of  the  original  ae» 
cretion,  and  haa  been  called  r ancreatin.  It  ia  probably,  howeyer,  a  mixture, 
consieting  principally  of  some  piotein-snbetance  allied  to  casein.  Gohnheim  has 
Bepanted  from  it  a  body,  lacking  protein  charactAn,  bnt  conyerting  atareh  iato  angar 
wUh  great  energy,  and  banilewsky  (Virch.  Aich.  zxy.  279)  attempts  to  show  the 
existence  of  three  special  "ferments.'  He  makes  a  pancreatic  inftision  by  rubbing  np 
with  sand  and  cold  water  the  pancreas  of  a  doe  killed  six  hours  after  a  meal,  ana 
filtering ;  the  filtrate  acts  on  starch,  albumin,  and  f&ts.  Magnesia  is  added  in  excess, 
and  the  fiuid  again  filtered ;  the  filtrate  acts  on  starch  and  albumin,  but  not  at  all  on 
fkt  To  this  second  filtrate  is  carefully  added  one-third  its  yolume  of  collodion,  and 
the  mixture  is  well  shaken,  the  ether  being  allowed  to  eyaporate.  The  precipitate, 
which  is  granular  and  not  lumpy  if  the  experiment  has  been  well  performed,  is  separuted 
by  filtration.  The  new  filtrate  acts  upon  starch,  but  not  on  albumin.  The  precipitate 
is  washed  with  spirit^  treated  with  a  mixture  of  alcohol  and  ether,  and  filtered.  The 
undissolyed  portion  is  washed  with  ether,  dissolyed  in  water,  and  again  filtered.  The 
filtrate,  which  giyes  no  decided  protein  reaction,  has  no  action  on  starch ;  but,  when 
possessing  a  feebly  alkaline  reaction,  readily  dissolyes  fibrin.  Pancreatic  juice  also 
contains  extractiye  matters,  and  some  fat.  Leucine,  in  company  with  tyrosine,  ia 
found  abundantly  in  the  substance  of  the  gland,  and  has  also  been  detected  in  the 
secretion.  M.  F. 


C»H»«NO*.    (G.  Merck  [1860],  Ann.  Ch.  Pharm,  Ixyi  126  ; 

IxxiiL  60.— Anderson,  ibid.  xciy.  216;  also  Edmb.  Phil.  Trans.  xxL  Pt  1.)— An 
alkaloid  existing  in  opium.  It  may  be  obtained  by  precipitating  the  aqueous  extract 
of  opium  with  soda;  treating  the  precipitate,  which  consists  for  the  most  part  of 
morphine,  with  alcohol ;  eyaporatins  the  brown  tincture ;  treating  the  residue  with  a 
dilute  acid;  and  precipitating  the  filtered  solution  with  ammonia.  A  brown  resinous 
matter  is  thereby  thrown  down,  containing  a  considerable  quantity  of  papayerine ;  and 
on  dissolying  this  resin  in  dilute  hydrochloric  acid,  adding  acetate  of  potassium,  which 
precipitates  a  dark  coloured  resin,  washing  this  precipitate  with  water,  treating  it  with 
boilinff  ether  and  leaying  the  ethereal  extract  to  cool,  papaTCiine  separates  in  the 
crystiuline  form.     (Merck.) 

A  simpler  method  is  to  dry  the  resin  precipitated  by  ammonia  on  the  water-bath,  and 
mix  it  with  an  equal  weight  of  alcohol,  whereby  an  unctuous  mass  is  formed,  which 
solidifies  after  a  while  in  a  crystalline  magma;  press  this  product;  recrystallise  it 
from  alcohol ;  and  decolorise  it  with  animal  charcoal.  The  papayerine  thus  obtained 
still  contains  narcotine,  to  separate  which  it  is  treated  with  hydrochloric  acid  and 
crystallised,  and  thereupon  the  hydrochlorate  of  papayerine,  being  sparingly  soluble  and 
easily  crystallisable,  separates,  and  the  whole  of  the  narcotine  may  be  extracted  by 
cold  water.    (Merck.) 

Anderson  prepares  papayerine  from  the  mother-liquor  of  the  preparation  of  narcotine. 
(See  Optom,  p.  209.) 

Papayerine  crystallises  from  alcohol  in  colourless  acicular  crvstals  confusedly 
grouped.  It  is  insoluble  in  water,  sparingly  soluble  in  ether  and  alcohol  at  ordinary 
temperatures,  more  readily  with  the  aid  of  heat.  The  solutions  blue  reddened  litmus 
paper.  It  is  particularly  characterised  by  assuming  a  deep  blue  colour  when  strong 
sulphuric  acid  is  poured  upon  it.  It  does  not  appear  to  be  poisonous;  indeed  it  may  be 
swallowed  in  considerable  quantity  without  prcducing  any  particular  e£fect.  Its  com- 
position is  as  follows : — 


Calculation. 

Merck. 

Anderson. 
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C»H"KO*    829       10000 

When  papayerine  is  boiled  for  some  time  with  peroxide  of  manganese,  sulphuric  acid 
and  water,  me  liquid  acquires  a  brown  colour,  and  after  some  hours  deposits  crystalline 
fiakes.     (Merck.) 

Nitric  acid  dissolyes  |)apayerine  without  decomposing  it ;  but  on  mixing  the  solution 
with  excess  of  strong  nitnc  add,  red  yapours  are  eyolyed,  the  liouid  acquires  a  deep 
red  colour,  and  orange-coloured  ciystals  are  deposited,  consisting  of  nitrate  of 
nitropapayerine,  C»H»(NO«)NO*.HNO». 

Bromine-water  added  drop  by  drop  to  papayerine,  forms  a  precipitate  which  redis- 
solyes  at  firsts  but  afterwards  becomes  permanent:  it  consists  of  hydrobro.mate  of 
bromopapayerine,  C5"H*BrN0*.HBr. 

Alcoholic  tincture  of  iodine  added  to  an  alcoholic  solution  of  papayerine,  forms  aflor 
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m  ▼bile  small  crystals  of  an  iodide  of  paparerine,  containing  2CB["N0*.P; 
and  the  mother-liqnor  yields  by  enpoxation  crystals  of  another  iodide  eontaining 
2C"H»'N0^.I'«     (Anderson.) 

PapaTerine  be^ed  with  fonr  times  its  weight  of  soda4ime  gives  oflfa  Tolatile  alkali, 
probskbly  tritylamine  or  ethylamine.    (Anderson.) 

Heated  wi&i  iodide  of  ethyl  in  a  sealed  tnbe  it  does  not  yield  an  ethylated  base,  but 
merely  bydriodate  of  papaverine,  and  apparently  alcohol  or  ether.    (How.) 

Salts  of  PAPAVKUim.— The  hydroehlorate^  G^H^NOIHCI,  is  obtained  by  dissolv 
ing  the  alkali  in  dilate  hydrochloric  add,  and  adding  an  excess  of  acid ;  it  is  then 
precipitated  as  an  oil  whidi  gradually  solidifies  in  large  hemihedral  crystals  belonging 

to  the  trimetrio  system.    Observed  combination :   ooP  .  P' oo     -  ■    Inclination  of  the 

ftces,ooP  :  ooP  -  80®;  too  :  too    -  129«»20';  top  :  ~    .  i4»o  Iff. 

The  chloropUUinate,  2C*H**N0^HK;i*.Pti^Cl«,  Is  a  yellow  precipitate  insoluble  in 
water  and  in  alcohoL 

The  evlpkate  is  nncrystallisable.  The  mtraU  cannot  be  prepared  with  nitric  acid, 
because  the  least  excess  tends  to  form  a  substitution-compound  as  above  mentioned ; 
but  it  is  obtained  by  precipitating  nitrate  of  silver  with  the  hydxochlorate. 

PAFTBIV  or  Vegetable  ParehiMnt—A.  tough  substance  produced  by  the  action, 
of  sulphuric  add  on  unsized  paper.    (See  Cbixulosb,  i.  819.) 

(C«0«)'> 
PAJtaSAVIO  AOZD.    C'H'N^O*    -       (GOr>N*.    Oaudyl-carbamide  or  Ox- 

ali^-vrea.  Carbonyl'Oxafnide,  ^Liebig  and  Wohler,  Ann.  Oh.  Pharm.  xxvi.  285.) 
— An  add  formed :  1.  By  the  action  of  pxidising  agents  on  alloxan  (i.  186) : 

C^H«N«0*     +     O      -     C»H»NK>«     +     CO*. 

2.  Together  with  aUoxantin,  by  the  spontaneous  decompodtion  of  alloxan  (Ban  m  ert, 
Pogg.  Ann.  ex.  93) : 

8a*H»NK)*      -      C"H«N*0^     +     C»H*NK)»     +     CO*. 

According  to  Heintz  (Pog^.  Ann.  cxi  436)  both  the  alloxantin  and  the  parabanic 
add  suffer  further  decomposition,  the  former  gradually  taking  up  oxygen  and  repro- 
dudng  alloxanic  add,  while  the  latter  is  first  converted,  by  assumption  of  water,  into 
oxaluric  acid,  and  then  into  oxalic  acid  and  urea^  and  the  urea  ultimately  into  carbon- 
ate of  ammonium. 

8.  Together  with  guanidine  and  small  quantities  of  xanthine,  urea  and  oxaluric  add, 
by  the  action  of  hypochlorous  acid  on  guanine.     (Strecker,  ii.  961.) 

It  is  usually  ^pared  by  dissolving  1  pt  of  uric  add  in  8  pts.  of  warm  moderately 
strong  nitric  acid,  evaporating  to  a  syrup  and  cooling :  it  then  crystallises  out^  and 
may  be  purified  by  twice  recrystaUidng  firom  water. 

Parabanic  add  forms  thin,  transparent,  colourless,  six-dded  prisms,  which  have  a 
very  add  taste,  and  redden  Htmus  paper  (Liebig  and  Wohler).  The  crystals 
are  monodinic,  exhibiting  the  combination  -i-  P  .  —  P .  oP  .  +  Poo .  —  Poo .[  ooPoo  1. 
Ratio  of  prindpal  axis,  <£nodiagonal  and  orthodiagonal  m,  1 :  0*6646  :  0'4783.  Angle 
of  the  inclined  axes  -  81-39'.  Angle  -  P  :  -  P  (dinod.)  «  120o  52^;  oP  :  -  Poo 
-  129° ir;  -  Poo  :  +  Poo  -  118°  11';  oP:  +  Poo  -  117®  42'.  aeaviig«  easy 
parallel  to  [  ooPoo  ].  (Schabus,  Jahresb.  1854,  p.  470 ;  1862,  p.  859 ;  see  also  v.  Bath, 
ibid.  1860,  p.  826.) 

Parabanic  add  is  easily  soluble  in  tDater,  and  does  not  effloresce  in  the  air.  When 
heated  to  100^  it  becomes  reddish;  at  a  stronaar  heat  it  melts  and  partly  sublimes; 
partly  decomposes,  giving  off  hydrocyanic  add.  Its  a<^ueous  solution  is  not  decomposed 
by  boiling.  When  the  aqueous  solution  is  boiled  with  ammonia  (or  other  alkalis)  it 
takes  up  water  and  is  converted  into  oxaluric  add,  CH^NK)^  With  anhydrous 
ammonia  parabanic  add  appears  to  form  oxaluramide  (p.  277) ;  and  when  heated  with 
ani/tntf  it  forms  phenyl-oxaluramide :  CH'NK)*  +  C*H*N  »  C*H*N"0*.  (Laurent 
and  Gerhardt.) 

The  only  known  salt  of  parabanic  add  is  the  nher-^l,  CAg'ZT^O',  which  is 
obtained  as  a  white  mdpitate  when  aqueous  parabanic  add  is  added  to  nitrate  of 
silver  {Liebig  and  Wohler).  The  aqueous  add  mixed  with  nitrate  of  silver 
and  a  bttle  ammonia,  yidds  a  predpitate  containing  2CAg'N*0'.H*0,  which  becomes 
anhydrous  between  130°  and  140^.    (Strecker.) 

Methyl-parabanieaeid,0*E*^K>'    -       (CO)" VN«.— This  is  the  compound 

H.CH»i 
which  Bessaignes  obtained  by  heatiog  the  base  C'H'*N*0*  (produced  by  the  action 

z2 
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of  nitrovB  add  on  caeatmine^  with  hjdrochloric  add    It  u  probably  also  formed  hj 
the  actaon  of  baxyta  on  oreatine  at  the  boiling  heat  (ii.  102). 

Bimethvl'parabanio    acid,    C*H^NK)'     »       (GO)*  VN*.— This  oompoimd, 

(CH»)»i 
already  described  as  ckoUsirophane  (i.  926),  ealled  also  niirotheine  by  Stenhonse, 
is  the  final  product  of  the  action  of  chlorine  or  nitric  acid  npon  caffeine  (Rochleder). 
It  may  be  prodnoed  directly  from  parabanic  add  by  heating  the  diy  silver^salt  of  that 
acid  with  iodide  of  methyl  to  100^  for  twenty-four  hours.  It  crystallises  from  hot 
water  in  laminnhaTinff  a  sUrery  lustre.  (Strecker,  Ann.  Gh.  Pharm.  cxriiL  161 ; 
Jahresb.  1861,  p.  628.) 

(GK)*)") 

Bijphenyl'parahanio  acid,  C"H>«NK)»  -  (TO)''>N«.— Prodnoed  by  treat- 
ing a  boiling  alcoholic  solution  of  dieyanomelaniline  or  of  melanozimide  (p.  286)  with 
an  aqueous  add : 

G»ff«N»     +     8HK)     +     8HG1      -       G>»H>«N«0«     +     8NH*G1; 
DIcTanomeU  Dlpheojl- 

aiiiline.  panuMoilc  acid. 

G>*H»'N»0«  +     H»0       +     Ha        -      C»H"N*0»     +     NH^Cl. 
Helanoximtda. 

Diphenyl-parabanic  add  crystallises  in  needles,  is  insoluble  in  water,  but  easily  sol- 
aole  in  alcohol  and  in  ether.  By  boiling  with  potash  it  is  resolved  into  carbonic  acid, 
oxalic  add  and  phenylamina    (Hofmann,  Proc.  Roy.  Soc.  xL  275^) 

C^anamide  forms  with  2  at.  qranogen  a  yellow  amorphous  body,  G'H'N*  (  ==  NH*(GN) 
-r  i'N'),  analogous  to  dieyanomelaniline,  and  it  might  have  been  expected  that  this 
body  when  heateid  with  aqueous  adds  would  yield  parabanic  add  by  a  reaction  similiir 
to  the  aboTe,  namdy : 

G«H*N«     +     8HK)     +     HGl       -       G»H*NK)«     +     2NH*a; 

but  the  product  actually  obtained  is  altogether  different.    (H  o  f  m  a  n  n. ) 

> A» ABmCEMTi or  ParabefUfol.  (Ghurch,  PhiLMag.[4]xia416;  xviii.622.>— 
A  hydrocarbon  isomeric  with  benzene  (i.  541),  occurring,  together  with  the  latter  and  its 
homologues,  in  light  coal-tar  oiL  When  purified  by  rectification  it  boils  at  97*6°  (ben- 
zene at  80*4^,  Kopp) ;  does  not  solidify  at  —20^  (benzene  solidifies  at  0°) ;  has  a  faint 
alliaceous  odour,  less  pleasant  than  that  of  pure  benzene.  Treated  with  nitric  acid  of 
spedfic  gravity  1*6,  it  yields  a  nitro-compound  which  appears  to  be  identical  with  ordi- 
nary nitrobenzene ;  and  with  a  mixture  of  strong  nitric  and  sulphuric  adds,  a  dinitro- 
compound,  agreeing  in  oompodtion  and  properties  with  dinitrobenzene.  Treated  with 
4  vols,  of  fuming  sulphuric  add,  it  forms  a  sulpho-add  isomeric  but  not  identical  with 
sulpho-benzolic  add,  inasmuch  as  its  bariumstut,  G'*H'*Ba''S'-0',  is  obtained  only  as  a 
gummy  mass  exhibiting  no  trace  of  crystallisation,  insoluble  in  ether,  veiy  shgbtly 
soluble  in  alcohol ;  the  copper-salt,  G^H'^Gu'S^O*  (at  100<^),  is  a  very  soluble,  trans- 
lucent^ amorphous  bluish  mass;  and  the  free  add sepuat«d  from  the  salt  by  sulphuretted 
hydrogen  crystallises  with  difficulty  in  prisms  which  are  but  slightly  deliquescent; 
whereas  the  barium-salt  of  ordinary  sulpho-benzolic  add  crystallises  in  nacreous  lam- 
ins ;  the  copper-salt  in  crystals  which  are  less  soluble  in  water  than  the  isomeric  salt, 
and  become  anhydrous  only  at  170° ;  and  the  free  add  forms  ddiquescent  crystals. 
The  amtnanium^Mlt  of  parasulpho-benzolic  add  when  subjected  to  distillation  yidds 
parabenzene  with  all  the  properties  above  mentioned. 

m^^^'nmMwrm.w.'w^m.  G'HBr'O. — ^A  compound  isomeric  with  bromal  (i.  666), 
produced  by  gradually  adding  bromine  to  wood-spirit  contained  in  a  retort,  through  a 
runnel  tube  reaching  to  the  lx>ttom  of  the  liquid.  Two  layers  of  liquid  then  collect  in 
:he  receiver,  the  upper  consisting  of  aqueous  bydrobromic  add,  while  the  lower,  which 
is  oily,  solidifies,  after  washing  with  water  and  exposure  to  the  air,  to  a  mass  of  colour- 
less crystals  of  parabromalide,  which,  when  purified  by  pressure  between  paper  and 
recxystallisation  from  strong  alcohol,  forms  colourless  rhombic  prisms  with  four-sided 
summits.  It  has  a  specific  gravity  of  3*107,  melts  at  67°,  begins  to  decompose  at  200° 
with  separation  of  bromine  and  hydrobromic  acid,  and  decomposes  completdy  at  a 
hiffher  temperature,  leaving  a  copious  residue  of  charcoal.  It  is  insoluble  in  toater, 
soluble  in  strong  alcohol  and  in  chloroform.  By  dilute  potash  it  is  decomposed,  like 
bromal,  yielding  bromoform  and  acetate  of  potassium.  Alcoholic  ammonia  acts  upon  it 
in  a  similar  manner,  but  when  heated  with  it  to  100°  in  a  sealed  tube,  gives  rise  to  a 
more  complicated  reaction,  the  liquid  containing,  besides  formate  of  ammonium,  the 
products  of  the  action  of  alcoholic  ammonia  on  bromoform,  and  a  brown  powder,  pro- 
bably impure  lyanhydrin.    (Gloez,  Ann.  Gh.  Pharm.  cxi.  178.) 
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to  AOIB.    See  Malbio  Acid  (iii  788). 
lCACOSTXZC    oaUBB.     See   Oxma   or   Cacodtl,    under  Absbnic- 

RADICLB8,  ObOANIO  (i.  407). 

See  Cajfutsms  (i.  711). 

EOXZC  AOZ9.    Syn.  with  Ltactiyb  Caxphorio  Acid  (i  730). 

ThiB  name  is  given  by  Stein  (lUp.  Cbim.  pure,  v. 
108;  Jahresb.  1862,  p.  600;  1863,  pp.  561,  696)  to  a  red  substance  allied  to  caiih- 
amine,  produced  by  the  action  of  sodiam-amalgam  on  rutin.  It  is  turned  green  by 
alkalis  and  by  neutral  acetate  of  lead,  the  red  colour  being  restored  by  acids.  Para- 
carthamin  appears  also  to  be  contained  in  the  red  bark  of  dog-wood  (Cbrniu  aanguinea,) 
in  the  young  bark  of  certain  kinds  of  acacia,  in  the  blackbeny,  in  the  red  sterile  shoots 
of  Euphorbia  e^/parissias,  and  in  the  layer  of  the  willow-stem  between  the  pith  and 
the  bark. 


Fr^my  applies  this  name  to  that  modification  of  cellulose 
which  does  not  dissolve  in  an  ammoniacal  solution  of  cupric  oxide  till  it  has  been  sub- 
jected to  the  action  of  acid%  alkalis,  or  other  reagenta,  restricting  the  term  cellulose 
to  that  variety  which  is  immediately  soluble  in  that  liquid.  Both  varieties  of  oelluloee 
are  soluble  in  boiling  potash-ley.  The  utricular  tissue  forming  the  medullair  rays  cf 
wood  consists  of  paracellulose.  Fr^my  regards  these  modifications  of  cellulose  as 
essentially  distinct  Pay  en,  on  the  other  hand,  is  of  opinion  that  there  is  but  one  kind 
of  cellulose,  chemically  speaking,  and  that  the  differences  observed  in  the  reactions  of 
cellulose  from  different  sources  are  due  to  differences  of  aggregation,  or  to  the  presence 
of  inoiganic  substances.  [SeeFr^my,  Compt.  rend,  xlviii  202,  276,  326,  362,  862; 
zliz.  661 ;  lUp.  Cbim.  pure,  L  270,  367,  433,  602;  J.  Pharm.  [3]  zxvi.  6.— Payen, 
Gompt  rend,  xlviii  819,  328,  772,  893 ;  S^p.  Cbim.  pure,  i.  269,  369,  434 ;  also 
Jahresb.  1869,  pp.  629,  641.] 

iCBTOn.    See  PmAcomL 


I.  (THCIH)*.— A  substance  isomeric  with  chloral  (i.  880), 
produced  by  the  action  of  chlorine  on  pure  anhydrous  wood-spirit  in  diffused  day-light. 
The  containing  vessel  should  be  ooolea  at  first,  but  to  complete  the  reaction  a  gentle 
heat  is  required,  so  that  the  product  may  distil  over  in  an  atmosphere  of  chlorine. 
The  oUy  portion  of  the  distillate  is  then  to  be  mixed  with  an  equal  volume  of  strong 
sulphuric  acid,  and  after  24  hours'  contact,  distilled  from  oxide  of  lead  in  an  atmosphere 
of  carbonic  anhvdride. 

Parachloralide  is  a  pungent-smelling  liquid  resembling  chloral.  Specific  gravity 
1-5766  at  14^.  Soils  at  182°,  and  voUtilises  almost  without  residue.  It  is  distin- 
guished from  chloral  by  its  insolubility  in  water,  and  its  higher  boiling  point  (chloral 
boils  at  98*6°,  Kopp).  With  fixed  alkalis  and  alcoholic  ammonia,  it  reacts  like 
pazabromalide.    (Cloez,  Ann.  Ch.  Pharm.  cxi.  178;  Jahresb.  1859,  p.  434.) 

» A&AOB&OmOBaVZOIC  ACin,  (TH'^CIO*.  Chlorodr(Uiylufacid(Wi\hTAnA 
and  Beilstein,  Ann.  Ch.  Pharm.  cxxviiL  267;  BeilsteinandSchlun,  ibid,  cxxxiii 
242). — ^An  acid  isomeric  with  chlorobenzoie  acid,  produced,  tc^ther  with  hydrochlorate 
of  paraoxybenzamic  acid,  by  the  action  of  hydrochloric  acid  on  azo-paraoxybenzamio 
acid  (p.  352).  It  is  a  crystalline  body,  which  melts  at  286° — 237°,  and  sublimes  in 
scales  resembline  naphthidene,  at  a  temperature  very  near  its  melting  point  Normal 
chlorobenzoie  acid,  oDtained  from  benzoic  acid  or  its  derivatives,  or  from  hippuric  or 
cinnamie  add  (compounds  capable  of  yielding  benzoic  acid),  melts  at  162°  or  153°,  and 
sublimes  in  needles ;  chlorosalylic  acid  (called  parachlorobenzoic  acid  at  page  656,  vol. 
i.),  produced  by  the  action  of  pentachloride  of  phosphorus  on  salicylic  acid,  melts  at 
137°  and  forms  a  calcium-salt  containing  2  at.  water  (G**H**Ca''0\2HK)),  whereas  the 
calcium-salt  of  the  parachlorobenzoic  acid  just  described  contains  3  at.  water,  Uke  that 
of  normal  chlorobenzoie  acid. 


lCXTBZC  ACZ]>.    Syn.  with  AcoNmo  Aom. 

WAMJLCOlmUWfKBTTM.  A  mineral  found  at  Taunton,  Massachusetts,  in  black 
grains,  which  melt  easily  before  the  blowpipe  to  a  black  ^lass,  form  a  yellow-brown 
glass  with  borax,  and  are  decomposed  by  ralphuric  acid,  with  evolution  of  hydrofiuorio 
acid  and  separation  of  a  white  powder.  The  mineral  is  said  to  contain  iron  and  uranium, 
but  no  titanium.     (Shephard,  SiiL  Am.  J.  ii.  xii.  209 ;  Dana*s  Mineralogy^  ii.  501.) 

PASACrrAarXC  AOIB.  This  name  is  applied  to  several  brown  products,  of 
uncertain  composition,  resulting  from  the  decomposition  of  cyanogen  or  some  of  its 
compounds,  in  presence  of  water.  They  are  partially  soluble  in  water,  and  when 
heated  give  off  hydrocyanic  acid  and  ammonia,  leaving  a  mixture  of  diarooal  and 
pardcyuttogen. 
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kCTAWO€WW«    A  brown  or  black  labitanoe  isomeric  or  polTmario  with 

cyanoeen,  which  remams  in  Bmall  quantity  when  the  Litter  is  porepfurea  by  heating 
cyanide  of  mercoiy  (ii.  275).  To  obtain  it  pure,  however,  it  is  necessary  to  use  perfectly 
dry  cyanide  of  mercury,  since,  if  moisture  is  present,  a  certain  quantity  of  ammonia  is 
produced,  and  the  paracyanogen  is  contaminated  wiih.  free  esrbon. 

When  pore  paracyanogen  is  calcined  in  a  gas  which  does  not  act  npon  it^  such  as 
nitrogen  or  carbonic  anhydride,  it  is  completely  oonyerted  into  cyanogen,  without 
leaving  any  carbonaceous  residue.  Paracyanogen  heated  in  a  current  of  chlorine,  gives 
off  a  considerable  quantity  of  white  fiimes  having  a  suffocating  odour,  which  condense 
on  the  cold  parts  of  the  apparatus  in  the  form  of  a  white  sublimate  soluble  in  water. 

When  cyanide  of  silver  is  gently  heated,  it  melts  without  decomposing;  but  on 
raising  the  temperature,  cyanogen  is  given  oB^  and  at  a  certain  moment^  the  evolution 
of  gas  becomes  violent,  and  Uie  whole  mass  exhibits  incandescence.  A  light  grey 
residue  is  then  obtained,  possessing  the  metallic  lustre  and  amounting  to  90  per  cent,  ai 
the  original  salt.  This  residue  is  not  pure  silver,  inasmuch  as  it  still  gives  off  cyanogen 
at  a  higher  temperature,  and  dilute  nitric  acid  extnets  silver  from  it^  leaving  a  brown 
substance  still  containing  40  per  cent,  of  sUver. 

According  to  Thaulow  (J.  pr.  Chem.  ttti.  226),  cyanide  of  silver  when  heated 
gives  off  only  half  its  cvanc^n  (1  grm.  yielding  from  48  to  50  oab.  cent,  of  the  gas). 
The  residue  partly  amalgamates  with  merenry,  whence  it  appears  to  be  a  mixture  of 
metallic  silver  ana  paracyanide  ofnlver,  (For  further  details,  see  Omdin's  Handbook^ 
».  371.) 


C"H**0^« — ^A  product  of  the  decomposition  of  digita- 
losin  by  dilute  sulphuric  add  (ii.  330). 

PABABSVB0SV*H0VXUai«O01ON>inn>8«    See  Phosphobus-basbs. 

i.    Syn.  with  Rttfxoaluo  Acid. 

The  colourless,  crystalline,  fatty  substance  known  by  this  name  is 
the  solid  portion  of  the  mixture  of  oily  hydrocarbons  produced,  together  with  a  variety 
of  other  substances,  in  the  dry  or  destructive  distillation  of  various  organic  bodies,  and 
of  bituminous  minerals,  at  temperatures  not  exceeding  a  low  red  heat.  It  also  occurs 
as  a  constituent  of  many  varieties  of  petroleum  or  mineral  oil,  associated  with  liquid 
hydrocarbons  similar  to,  if  not  identical  with,  those  contained  in  the  tar  produced 
by  destructive  distillation.  Native  paraffin  in  a  solid  state  ooenis  also  in  the  ookbI 
measures  and  other  bituminous  strata^  constituting  the  minerals  known  as  fossil- wax, 
hatchettin,  ozocerite,  &c.  As  a  product  of  destructive  distillation,  it  was  discovered 
in  1830  by  Keichenbach,  who  obtained  it  first  from  wood-tar;  then  from  animal 
tar,  and  lastly  from  coal-tar  made  by  distillation  at  a  temperature  below  frdl  red  heat. 
As  a  constituent  of  petroleum  it  was  discovered  about  the  same  time  byChristison, 
who  obtained  it  from  Rangoon  petroleum,  and  described  it  under  the  name  cipetraUne. 
Ettling  also  obtained  it  by  distilling  wax  with  lime^  and  in  1833  Laurent  obtained 
it,  together  with  liquid  hydrocarbons,  by  distilling  bituminous  shale  at  a  temperature 
not  exceeding  a  low  red  heat  It  has  since  been  extracted  abundantly  both  m>m  the 
tar  obtauned  by  distilling  coal,  bituminous  shale,  lignite,  and  peat,  at  a  moderate  heat^ 
as  well  as  from  many  varieties  of  petroleum  or  mineral  oil,  and  its  preparation  now 
forms  a  part  of  one  of  the  most  extensive  and  important  branches  of  mann&cturing 
industry. 

The  substance  known  as  paraffin  does  not  possess  any  chemical  individuality,  but  is 
more  probably  a  mixture  of  several  hydrocarbons,  just  in  the  same  manner  that  the 
liquid  oil  generally  associated  with  paraffin  in  petroleum,  and  always  produced  together 
with  it  in  destructive  distillation  below  fuU  red  heat^  is  a  mixtnre  of  several  homo- 
logous hydrocarbons.     (See  FirrBOLBUM.) 

The  paraffin  of  commerce,  when  pure,  is  a  solid,  colourless,  translucent  substance, 
perfectly  inodorous  and  tasteless,  somewhat  resemblbig  spermaceti  It  has  a  density 
of  about  0'870 ;  melts  at  from  45°  to  65°  C,  forming  a  colourless  oil,  which  solidifies 
to  IV  lamino-crystalline  mass.  It  boils  about  870°,  and,  when  cautiously  hei^ted,  vola- 
tilises without  much  decomposition.  It  does  not  absorb  oxygen  from  the  air  at  ordinazy 
temperatures,  does  not  burn  easily  in  the  mass,  but  from  a  wick  it  bums  with  a  very 
bright  flame.  It  is  insoluble  in  water,  soluble  in  2*85  pts.  of  boiling  aUsohol,  but 
separates  completely  on  cooling  in  snow-white  needles,  which  are  soft,  friable,  and 
greasy  to  the  touch.  It  is  much  more  soluble  in  ether  and  in  oiU.  It  is  but  slowly 
attacked  by  strong  fulphuric  acid  even  at  temperatures  above  100°,  not  at  all  by  dilute 
nitric  acia;  hot,  when  heated  for  some  time  with  strong  nitric  acid,  it  is  stated  to 
yield  succinic  acid  together  with  a  small  quantity  of  butyric  acid.  Chinrine  does  not 
act  upon  it  at  ordinary  temperatures,  but^  aocormng  to  BoUey  (Ann.  Ch.  Pharm.  cvi. 
230),  chlorine  passed  into  melted  paraffin  attacks  it  slowly,  forming  a  haxd.  but  easily 
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fusible  substitution-pfoduet,  which  he  calls  ehloraffin.  Altogether  paniBn  is  a  yerj 
Bt&ble  and  indLBTerent  subetance :  hence  its  name  (&om  parum  affintM). 

The  prodnction  of  paniffin  and  of  the  liquid  hydroearbona— known  by  the  names  of 
eupione,  pkotogen^  parttffin  oil,  &c. — ^which  accompany  it  in  the  tar  or  oily  product  of 
destmctire  distillation,  was  shown  by  Reichenbach  to  be  a  constant  reenlt  of  carbon- 
isation, or  the  decomposing  action  of  beat  upon  all  oiganic  substances  and  minerals  of 
organic  origin,  such  as  coal,  Sdc  (Joum.  f.  Ch.  Phys.  Ll  280).  He  also  showed  that> 
in  order  to  obtain  the  largest  possible  amount  of  these  products  from  any  particular 
materia],  the  most  essential  condition  was  the  limitation  of  the  temperature  within 
such  a  degree  that  the  vapour  of  the  products  resulting  from  carbonisation  should  not 
suffer  furUier  decomposition  of  such  a  nature  as  to  giye  rise  to  the  production  of  a 
large  amount  of  permanent  gas,  naphthalene,  soot^  £c.  (Joum.  f.  Ch.  rhys.  Ixi.  182). 
The  extreme  limit  of  temperature  to  be  applied  in  the  deetructiTe  distillation  of  coal, 
&c.,  for  the  purpose  of  obtaining  paraffin  and  the  oily  products  allied  to  it,  was  ascer- 
tained by  him  to  be  incipient  redness^  or  a  low  red  heat^  beyond  which  temperature  he 
showed  that  a  secondary  decomposition  of  those  products  of  true  carbonisation  took 
place  (ibid,  bdii  229).  Conseauently  he  pointed  out  that  the  precautions  to  be  observed 
in  eonducting  destmctiTe  distulation,  with  the  object  of  producing  paraflftn  and  those 
oils,  consisted  in  raising  the  heat  gradually,  and  neyer  allowing  the  sides  of  the  retort 
to  attain  a  red  heat  (ibid.  Izi.  178,  Izyia  229). 

The  amount  of  p^r^flBn  contained  in  the  tar  produced  by  destmctiTe  distillation 
below  a  full  red  heat^  is  always  very  small  in  proportion  to  the  liquid  hydrocarbons 
mixed  with  it.  These  latter  often  constitute  from  70  to  80  per  cent  of  the  erode  tar 
by  weighty  while  the  paraffin  rarely  amounts  to  6  per  cent,  and  more  frequently  to  only 
1  or  2  per  cent,  according  to  the  material  distilled.  This  crude  tar  also  contains  a 
pitchy  oil  heavier  than  water,  together  with  carbolic  add  and  its  homologues,  picoline, 
and  other  basic  oils,  &e.  The  amounts  of  these  several  constituents,  and  of  hydro- 
carbons contained  in  such  tar,  vary  very  considerably  according  to  the  material  from 
which  it  is  obtained,  and  determine  its  value  for  the  purpose  of  the  refiner.  The 
physical  characters  of  such  tar  also  differ,  according  to  the  proportions  of  these  con- 
stituents ;  sometimes  it  is  quite  solid — peat-tar— more  generally  it  is  liquid  at  the 
ordinary  temperature,  or  at  most  thick— shale-tar,  coal-tar.  Its  specific  gravity  varies 
from  upwards  of  0*900  to  0*840. 

The  tar  thus  obtained  from  shale  or  coal  differs  essentiaUv  in  every  respect  from  the 
tar  obtained  in  the  ordinazy  process  of  gas  making,  in  which  the  coal  is  subjected  to  a 
bright  red  heat,  though  some  kinds  of  tar  from  gas-works,  in  which  the  richer  cannel 
Gous  are  used,  not  unfr«quently  contain  paraffin  and  probably  some  paraffin  oil,  which 
have  escaped  decomposition  by  reason  of  the  abundance  of  volatile  products  given  off. 
In  such  tar,  however,  these  substances  are  always  mixed  with  naphthalene,  homologues 
of  benzol,  pitch,  &&,  so  that  they  cannot  be  conveniently  separated  from  these  latter  and 
purified    (SeeTis.) 

The  composition  (Xf  paraffin  ttom  several  sources  is  shown  in  the  following  table :  a. 

From  Boghead  coal ;  melting  at  45*5^,  and  solidifying  after  fusion  in  a  crystalline 

mass. — b.  From  the  same ;  melting  at  629,  solidi^ng  in  a  granular  mass. — c.  From 

Rangoon  tar;  melting  at  61^. — d.  From  peat;  meltmg  at  46*7^.  ~«.  From  Chinese  wax, 

cerotefie  (L  836) ;  mating  at  67^  or  68^.— /.  From  beeswax,  ftuUne  (iii  868);  melting 

at  62°. 

Anderion.*  Brodie.f 

_  I  *  ^1       III      ■         I  Ai 


Carbon  861         860  to  85-3      8616      84-96    86-23      84*60    8620      86*31 

Hydrogen  16*1  to  16*3        16*4  16*29       1606     1616       14*39     14*23       14*44 

Paraffin  has  been  usually  regarded  as  an  olefine  or  mixture  of  olefines  of  high  atomic 
weight;  but  the  formula  of  these  bodies  ^H^  requires  86*7  Iper  cent  carbon,  which  is 
considerably  above  that  in  most  of  the  preceding  analyses.  The  analytical  results  are 
in  fact  morenearly  represented  by  the  formula  of  one  of  the  hiffher  homologues  of 
marsh-gas^  CH**,  for  example,  requiring  86*2  per  cent  carbon,  which  agrees  exactly 
with  the  second  of  Brodie's  anieilyses  of  cerotene  or  Chinese  wax  paraffin,  and  CH" 
requiring  86*3  per  cent  carbon,  which  agrees  with  the  analysis  of  melene  or  the  paraffin  of 
common  bees-wax.  Hence  it  is  more  probable  that  pandB&n  is  a  homologue  or  mixture 
of  several  homologues  of  marsh-gas  of  high  atomic  weight  This  view  of  its  constitution 
is  also  in  acoonunce  with  its  chemical  indifference,  the  alcoholic  hydrides  C"H^'*'' 
beins  especially  characterised  by  the  feebleness  of  their  combiniuff  tendencies.  These 
hydrides  when  treated  with  chlorine  do  not  unite  with  it  like  the  olefines,  but  yield 

«  Rep.  Brit  Amoc  1M6.    Notices  and  AbitracU.p.  49 ;  Jahretb.  1S67,  p.  480. 
t  PtalL  Mag.  [S]  xxxill.  178. 
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rabstitutioii-pioducts,  which  is  likewise  the  case  with  the  pazttffin  examined  by  BoTley 
{yid.  sup.)  and  with  Brodie's  cerotene  and  melene.  MoreoTer,  pamffln  appears  to  be 
closely  related  to  the  hydrocarbons  CH^'*''  in  its  mode  of  formation ;  it  is  associated 
with  these  bodies  in  petroleum,  especially  in  that  of  Pennsylvania,  which  has  been 
^own  to  contain  the  whole  series  from  marsh-gas  np  to  solid  hydrocarbons  (paraffins) 
of  very  high  atomic  weight  (iii.  181) ;  and  in  the  decomposition  of  coal,  &c.,  the  con- 
dition most  favoorable  to  the  prodaction  of  paraffin,  namely,  distillation  at  a  compara- 
tively low  temperature,  is  likewise  that  which  yields  the  hydrides  of  ethyl,  amyl,  &c^ 
in  largest  quantity.  For  all  these  reasons  it  is  most  probable  that  paraffin  is  an 
alcoholic  hydride  or  a  mixture  of  several  alcoholic  hydndee  of  the  marsh-gas  series 

Paraffin  is  susceptible  of  several  useful  applications.  As  it  bums  with  a  bright 
flame,  and  is  veiy  hard  when  its  melting  point  is  above  45^  C,  it  makes  excellent 
candles.  It  is  also  largely  used  as  a  substitute  for  sulphur  for  dipping  matches,  and 
Dr.  Stenhonse  has  patented  its  application  to  woollen  cloths  to  increase  their  strength 
and  make  them  waterprooff  More  extensive  however  are  the  uses  of  the  oils  produced 
simultaneously  with  solid  paraffin  by  the  distillation  of  coal,  &c,  at  low  temperatures, 
and  existing  with  it  in  petroleum.  These  oils,  doubtless  consisting  in  great  part  of 
members  of  the  paraffin  or  marsh-gas  series,  differ  greatly  in  density  and  boiling  pointy 
as  met  with  in  commerce  under  the  names  of  eupione,  photogen,  paraffin  oil,  solar  oil, 
&c. ;  some  of  them  hold  paraffin  in  solution  and  deposit  it  at  low  temperatures.  They 
are  extensively  used  for  burning  in  lamps,  and  to  some  extent  for  lubricating 
machinery. 

The  more  volatile  of  these  oils  having  a  density  of  0*800  to  0*830  are  peculiarly  well 
adapted  for  artificial  illumination,  as  mey  consist  of  hydrocarbons  free  firom  oxygen, 
and  ther^ore  produce  flame  rich  in  incandescent  carbon.  Hence  with  a  properly 
regulated  supply  of  air,  these  oils  produce  s  more  brilliant  light  than  that  obtain^  by 
the  consumption  of  an  equal  amount  of  animal  or  vegetal  oils  which  generally  contain 
a  considerable  amount  of  oxygen. 

The  least  volatile  of  these  oils  which  have  a  density  above  0*860  would  be  safer  than 
many  of  the  &t  oils  in  use  for  lubricating,  inasmuch  as  they  do  not  absorb  oxygen,  and 
consequently  cannot  undergo  spontaneous  combustion  when  smeared  on  cotton  waste ; 
but  unfortunately  these  oils  generallv  possess  but  little  body,  and  are  therefore  far  less 
efficient  lubricants  than  fat  oils,  so  that  they  can  only  be  used  when  mixed  with  the 
latter.  In  this  wav  however  they  are  veiy  serviceable  in  rendering  fat  oils,  like  rape 
and  cotton-seed  oils,  which  become  gununy  by  exposure  to  air,  more  suitable  for 
use  as  lubricants  than  they  would  be  alone.  The  presence  of  paraffin  dissolved  in 
these  hydrocarbon  oils  has  been  erroneously  stated  to  render  them  flood  lubricants ;  but 
that  is  not  the  case,  in  fact  the  presence  of  paraffin  is  rather  a  disadvantage  than  other- 
wise, since  the  oils  containing  it  are  liable  to  solidify  on  the  journals  of  machineiy  at 
temperatures  little  below  60^  F. 

Preparation  of  paraffin, 

1.  From  wood-tar. — Heichenbach  extracted  paraffin  from  wood-tar  by  distilling  it 
and  collecting  apart  the  denser  portion  of  the  oU  which  passed  over  towards  the  end  of 
the  operation,  redistilling  this  and  collecting  the  distillate  in  separate  fractions.  On 
cooling  the  least  volatile  portion  of  this  distillate,  paraffin  crystallised  out  in  scales 
which  could  be  separated  by  filtration  and  freed  from  adhering  oil  by  pressure 
between  folds  of  unsized  paper.  Or  this  portion  of  the  distillate  was  shaken  with  six 
or  eight  times  its  bulk  of  alcohol  (36^  Beaume,  85  per  cent.)  whereby  the  liquid  oil 
was  dissolved  and  a  thick  mass  of  paraffin  scales  precipitated,  which  were  collected  on 
a  filter-cloth,  washed  with  alcohol  until  almost  colourless,  and  then  crystallised  from 
solution  in  boiling  alcohol.     ( Joum.  f.  Ch.  Phys.  lix.  437.) 

2.  From  coal-tar,  in  the  production  of  which  the  necessary  precautions  as  to 
temperature  and  gradual  heating  had  been  observed,  Keichenbach  extracted  paraffin 
by  aistilling  the  crude  coal-tar,  and  collecting  the  thick  oil  constituting  the  second 
half  of  the  distillate,  apart  from  the  more  volatile  thin  liquid  oil  forming  the  first  half 
of  the  distillate.  By  exposing  this  least  volatile  portion  of  the  coal-tar  oil  to  a  winter 
temperature,  paraffin  crystallised  out  in  laminss,  and  after  separating  a  further  portion 
of  oil  by  another  fractional  distillation,  solid  paraffin  was  obtained  by  treating  the  thick 
honey-like  portion  distilling  over  last  with  alcohol  as  above  described.  To  purify  this 
paraffin  it  was  agitated  for  a  time  with  about  twice  its  bulk  of  concentrated  sulphuric 
acid  at  from  90°  to  1  OOP  C,  after  which  the  paraffin  separated  on  the  surface  as  a  colour- 

*  The  word  '*  purafiln  **  might  be  oonvenlently  nied  at  a  frapric  name  for  the  hydrocarbon i  ofthU 
series,  mar»h*gas  being  ca11e<l  methyUe  parqfftm  •  hydride  of  ethyl,  ethylic  pare^n  /  Brodie*s  cerotsoe, 
cerotic  parnffin^  ftc. 

t  Spflcificaiions,  1862,  Nos.  55  and  150. 
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less  liquid  which  solidified  on  cooling.  This,  after  ciTstallisation  firom  alcohol,  was 
considered  by  Beichenbach  to  be  pure  parafi^,  so  far  as  the  state  of  chemistry  at  that 
time  permitted  him  to  judge  (Joum.  £  Ch.  Phys.  Ixi.  274-277,  279).  A  more  easy 
method  of  extracting  pan&n  recommended  by  Beichenbach  consisted  in  separating 
the  liquid  oil  and  concentrating  the  paraffin  as  £ir  as  possible  by  repeated  £raction^ 
distillation,  then  shaking  the  semi-solid  mixture  of  oil  and  paraffin  witn  from  one  fourth 
to  one  half  its  bulk  of  concentrated  sulphuric  acid,  added  in  successiye  small  portions, 
and  digesting  this  mixture  at  60^  C.  until  paraffin  separated  on  the  sarEo/ce,  or  else  dis- 
tilling it    (Joum.  f.  Ch.  Phys.  Ixi.  283-287.) 

Manufacture  of  Paraffin  Oil  and  Paraffin ^Although  the  application  of  oily  pro- 
ducts of  destru'ctive  distillation  for  lighting,  lubricating  and  other  purposes  had  been 
attempted  and  to  some  extent  practised  long  before  the  discovery  of  paraffin  and 
Reicnenbach's  elucidation  of  the  conditions  essential  for  the  production  of  these 
substances,  still  it  was  not  until  after  this  period  that  their  manufacture  was  prosecuted 
with  any  kind  of  scientific  basis.  Very  soon  after  that,  however,  attempts  were  made 
to  introduce  these  products  into  commerce,  and  to  apply  them  to  the  purposes  for  which 
they  were  so  evidently  suited.  The  chief  desideratum  was  a  material  which  was  cap- 
able of  yielding  a  sufficient  amount  of  oil,  &c.,  to  be  worked  remuneratively.  The 
materials  which  have  diiefly  been  employed  or  tried  for  this  purpose  are  the  following. 

1.  Bituminous  shale, — ^The  first  step  in  the  industrial  application  ofBeichenbach's 
results  was  made  in  1830  by  Aug.  Laurent,  who  suggested  the  working  of  the  bitu- 
minous shale  in  the  Aotun  coal-measures  as  a  source  of  paraffin  and  oU  for  burning 
in  lamps.  This  shale  yielded,  when  gradually  heated  to  a  low  red  heat,  about  twenty 
or  twenty-five  gallons  of  tar  or  crude  paraffin  oil  per  ton,  containing  a  small  amount  of 
solid  paraffin.  By  fractional  distillation  the  tar  was  separable  into  light  burning  oil, 
thick  oil  for  lubricating,  paraffin  and  pitchy  residuum,  and  these  several  products  were 
purified  by  successive  treatment  with  sulphuric  acid  and  caustic  soda.  Several  works 
were  established  in  that  district,  and  at  the  Paris  Industrial  Exhibition  in  1839,  the 
products  manufactured  there  bySelligue  were  shown,  viz. :  1.  Crude  oil  or  shale-tar. 
2.  Volatile  spirit.  3.  Oil  for  burning  in  lamps.  4.  Grease  for  machinery.  6.  Tar- 
fl;rease.  6.  Paraffin  crystallised,  and  paraffin  candles.  This  manufacture,  though  it 
has  been  continued  more  or  less  up  to  the  present  time,  did  not  attain  any  great  im- 
portance, partly  from  the  want  of  efficient  methods  of  purifying  the  oil,  and  of  suitable 
lamps  for  burning  it,  partly  also  from  the  remote  situation  of  Autun,  and  the  small 
amount  of  oil  which  the  shale  was  capable  of  yielding.  Since  then  bituminous  shale 
has  been  worked  at  other  places,  as  for  instance  at  Wareham  in  Dorsetshire ;  but  the 
small  amount  of  produce  has  always  been  an  obstacle,  especially  while  richer  materials, 
to  be  mentioned  presently,  were  worked  under  special  advantages,  and  while  the  copious 
supply  of  petroleum  from  America  continued.  But  now  l£at  these  conditions  are 
changed,  bituminous  shale  yielding  about  the  same  average  produce  as  the  Autun  shale 
is  being  worked  with  considerable  advantage  in  Scotland. 

2.  Petroleuniy  which  generally  contains  paraffin-oil  and  paraffin  ready  formed  as  con- 
stituents of  it,  was  the  first  material  which  was  successfully  worked  for  the  manufacture  of 
hydrocarbon  oil,  chiefiy  for  lubricating  and  to  some  extent  for  burning.  About  the  year 
1847,  Mr.  James  Young,  then  of  Mandiester,  obtained  the  right  of  working  a  spring  of 
dense  petroleum  (specific  gravity  0*900)  which  had  been  discovered  in  a  Derbyshire 
cool  mine,  and  he  succeeded  in  rendering  it  available  during  a  period  of  two  or  three 
years.  In  1854  a  patent  (No.  2,719)  was  granted  to  Mr.  "Warren  De  La  Bue  for 
the  manufacture  of  paraffin  and  other  hydrocarbons  from  petroleum.  The  raw  ma- 
terial which  he  used  was  the  Bangoon  tar  already  described  (p.  3).  This  substance  is 
submitted  to  a  current  of  steam  in  a  capacious  stul  which  can  also  be  heated  externally. 
The  more  volatile  portion  then  distils  over,  and  is  afterwards  separated  by  rectification 
in  a  similar  apparatus  into  products  differing  in  volatility.  The  last  portions  of  the 
residue  are  then  raised  to  a  nigher  point,  while  superheated  steam  is  passed  through  it. 
The  last  portions  of  this  second  distillate  are  ver^  rich  in  paraffin,  whidi  is  separated 
as  feir  as  possible  by  cooling  and  filtration.  It  is  then  submitted  to  pressure,  and  is 
finally  purified  by  admixture  with  sulphuric  acid  at  100^  C,  washing  with  soda-ley,  and 
distillation.  The  heavy  oUs  separated  from  the  paraffin  are  said  to  be  well  aaapted 
for  lubrication.  The  proportion  of  the  several  products  obtainable  in  this  manner 
from  Bangoon  tar  has  been  already  given  under  Naphtha  (p.  8).  This  Bangoon  petro- 
leum was  largely  worked  imtil  about  the  year  1860,  when  enormous  quantities  of  petro- 
leum began  to  be  imported  from  America,  and  for  a  time  almost  superseded  every  other 
source  of  supply  (see  Pbtbolvum).    These  supplies  are  now  rapidly  decreasing. 

4.  Peat. — About  1849  an  attempt  was  made  on  a  large  scale  in  Ireland  to  obtain 
paraffin-oil  and  paraffin  by  the  distillation  of  peat,  but  the  yield  of  crude  oil,  not  more 
than  two  gallons  per  ton,  was  too  small  to  be  remunerative.  Certain  kinds  of  peat  have 
however  bsen  worked  successfully  on  the  Continent  and  in  the  Hebrides.    At  the  latter 
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place  as  much  aa  fire  to  ten  gallona  of  refined  oils  and  paraffin  were  obtained  teoBo.  tba 
ton  of  peat  A  seriona  obstacle  to  the  working  of  this  material  is  the  stiong  dia- 
agreeable  smell  of  the  oil  obtained. 

4.  Lignite. — This  material  has  been  largely  need  on  the  Continent  for  the  mann£ic- 
ture  of  paiaffln-oil  and  pazaffln.  About  the  year  1850  works  were  established  at  Benl 
opposite  Bonn  on  the  Rhine,  and  at  Weissenfels  (p.  844).  The  process  is  folly  described  in 
Hofinann's  Beport  on  Chemical  Products  and  Processes  in  the  International  Exhibition 
of  1 862.  The  products  obtained  in  the  final  rectification  are :  a.  Volatile  oils  called  pho- 
togen,  and  solar  oils  used  for  illuminating ;  b.  Paraffin ;  e.  A  Tolatile  spirit  called  benaol  ;* 
d.  Phenol  or  Carbolic  acid  obtained  as  a  bye-product  by  treating  the  oils  with  caustic 
soda  in  their  purification,  and  neutralising  the  alkaline  liquor  with  sulphuric  acid. 

The  liquid  called  "  photogen  "  is  a  ToUtile  oil,  which,  in  properly  constructed  lamps, 
gives  a  light  equal  to  that  of  gas,  and  bums  yeir  economically.  The  first  quality  has 
a  specific  gravity  of  0786  to  0*706,  and  is  as  clear  as  water.  The  second  quality  is 
rather  yellow,  and  bas  a  specific  gravity  of  0*806.  The  third  quality,  called  "  solar  oil,*' 
is  yellow,  has  a  specific  gravitv  of  0*886,  and  is  used  for  the  illumination  of  rooms, 
streets,  railway  carriages,  and  locomotives. 

The  purification  of  the  crude  paraffin,  separated  by  refrigeration  from  the  paraffin 
oil,  is  commenced  by  placing  it  in  centrifugal  machines,  by  which  a  ftuther  quantity  of 
thick  oil  is  expelled.  The  mass  thus  obtained  is  then  cast  into  cakes,  and  submitted 
to  hydraulic  pressure,  first  in  the  cold,  afterwards  with  application  of  a  gentle  heat. 
The  object  of  this  last  operation  is  to  remove  all  hydrocarlwns  having  a  lower  mekiuff 
point  than  40°  C.  (104°  F.).  For  this  purpose  there  are  placed  on  the  horizontal 
presses  between  each  pair  of  paraffin  cakes,  hollow  plates  through  which  water  of  36^ 
— 40°  C.  (95° — 104°  F.),  is  made  to  flow.  In  this  way  the  hydrocarbons  in  question 
are  frised  and  squeezed  out.  The  pressed  parsffin  is  then  heated  to  160°  C.  (302°  F.), 
either  over  a  fire  or  by  means  of  steam,  and  the  melted  mass  is  mixed  with  2  per  cent 
of  strong  sulphuric  acid,  by  means  of  which  all  the  hydrocarbons,  not  being  paraffin, 
are  carl^nis^,  while  the  pure  paraffin  remains  unaltered.  The  latter  is  then  carefdlly 
washed  with  hot  water,  and  mixed  after  cooling  with  the  best  colourless  photogen,  and 
introduced  into  iron  jacket-cylinders,  in  which  it  can  be  kept  warm,  and  where  it  is 
filtered  throng  animal  charcoal  The  poraflin  is  thus  rendered  white,  and  may  be 
oomi^etely  separated  from  photogen  by  treatment  with  slLrhtly  superheated  steam. 
The  paraffin  tnus  obtained  is  perfMtlv  colourless,  and  beautindly  translucent ;  it  melts 
at  60°  C.  (140°  F.),  and  is  so  hard  that  candles  made  of  it  are  said  not  to  bend  when 
exposed  to  a  temperature  of  30°  C.  (86°  F.). 

6.  CkxU. — The  coal  from  which  Reichenbach  obtained  paraffin  oil  and  paraffin  was 
the  kind  commonly  used  as  fuel  and  capable  of  yielding  only  a  small  amount  of  tar  by 
distillation  at  a  low  red  heat^  probably  not  more  than  ten  gallons  from  the  ton.  For  this 
reason  alone  it  would  have  been  impossible  to  employ  such  a  material  as  a  source  of 
these  products,  especially  at  that  time.  Varieties  of  ooal  and  similar  minerals  have 
however  been  discovered  since  then,  some  of  which  are  capable  of  yielding  as  much  as 
100  gallons  of  crude  tar  per  ton.  A  mineral  of  this  kind,  somewhat  approximating  to  coal, 
or  rather  intermediate  between  bituminous  shale  and  what  was  commonly  known  as  coal, 
oocurs  near  Bathgate  in  Scotland,  and  was  being  introduced  for  gas-making  under  the 
name  of  Boghead  gas  ooal  or  Cannel  coal,  just  about  the  time  when  the  stoppage  of 
the  petroleum  spring  above  mentioned  compellfd  Mr.  Yoang  to  seek  another  source  of 
supply  for  the  manufiicture  of  lubricatinff  and  burning  oiL  After  having  made  many 
trials  of  different  kinds  of  coal  which  did  not  yield  by  distillation  a  sufficient  amount 
of  oily  products  to  be  worked  advantageously,  or  a  tar  of  such  a  character  as  is  suitable 
for  this  purpose,  Mr.  Young  fortunatdy  becBone  acquainted  with  the  Boghead  or  Tor- 
banehill  mineral  in  1860,  and  finding  it  to  yield  hy  distillation  an  unusually  large 
amount  of  paraffin-oil,  he  at  once  obtained  a  patent  (Ko.  13,292)  for  a  method  of  "treat- 
ing bituminous  coals  to  obtain  paraffin  and  oil  containing  paraffin  therefrom,"  which 
consisted  in  distilling  them  in  an  iron  retort  "gradually  heated  up  to  a  low  red  heat^" 
and  kept  at  that  temperature  until  volatile  products  ceased  to  come  off  Under  the 
protection  of  this  patent  he  has  since  developed  this  manufacture  into  a  highly  impor- 
tant branch  of  inaustiy.  Owing  to  the  exceptional  richness  of  the  Boffhead  mineral  as 
a  source  of  paraffin  oil,  it  was  for  a  long  time  impossible  to  compete  with  it  by  working 
bituminous  shale  yielding  only  about  twenty  gallons  of  crude  tar  per  ton,  although  that 
material  was  not  comprised  under  the  patent,  and  up  to  the  year  1860  no  other  ma- 
terial was  known  which  could  be  used  for  this  purpose  with  the  same  advantage  as  the 
Boghead  mineral.  Consequendv  it  was  the  only  material  used  until  the  feeswood 
cannel  was  discbvered  near  Mold  in  Flintshire,  a  true  cannel  coal  which  yields  nearly 

*  The  lifloid  known  by  thU  name  U  not  the  beniol  obUioed  from  xAS.ur  naphtha,  but  a  mixture  of  the 
lower  I>ydridc8  homologous  with  marsh-gas  or  that  portion  of  the  oU  which  is  too  ▼olatile  for  burning  in 
lamps  with  safety. 
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■8  much  oil  ss  the  Boghead  mineral,  and  which  has  ainoe  been  laigelj  worked  for  the 
prodaction  of  paraffin  oil  and  paraffin. 

In  the  mannfacture  of  these  products  by  the  distillation  of  ooa!,  &a,  it  is  verr  im- 
portant^ for  the  reasons  above  stated,  to  prevent  the  heat  from  rising  above  low  rednesa^ 
since  at  nigher  temperatures  a  oonsiderable  portion  of  the  liqaid  pr^ucts  are  converted 
into  permanent  ga& 

The  following  is  a  list  of  the  principal  memoirs  relating  to  paraffin  and  allied 
matters,  azrangeid  chronologically : — 

1830.    Beichenbach. — Preparation  of  paraffin  by  the  dry  distillation  of  wood;  its 

properties.     8chw.  J,  lix.  436  ;  IxL  273 ;  Izii.  129. 
1832.    Ettling. — Formation  of  paraffin  by  the  dry  distillation  of  wax.    Ann.  Ck, 

Pkarm,  ii.  263. 
1835.    Laurent — Occorrence  of  paraffin  in  the  prodoets  of  the  distillation  of 

bituminous  shal&    Ann,  Ck.  Pharm,  xw.  273. 

1848,  1860.    Brodie. — ^Paraffin  ficom  beeswax  and  Chinese  wax.     Ann,  Ch,  Pkarm, 

Ixvii.  210 ;  Ixxvi.  166. 

1 849.  B  e  e  e  e. — Preparation  of  paraffin  by  the  dry  distillation  of  peat.     Tmus,  July  28, 

1849 ;  Dingl.  pol.  J,  cxiiL  237,  817. 

1860.  James  Young. — Specification  of  patent  for  treating  bituminous  ooals,   to 

obtain  paraffin  and  oil  containing  paraffin  therefrom  (No.  13,292). 

1861.  Kane,  Sullivan  and  Gages. — ^The nature  and  products  of  the  process  of  the 

destructive  distillation  of  peat      Museum  of  Irish  Industry ;   Report  to 
Chief  Commissioner  of  Woods. 

1862.  Beichenbach.— Purification  of  crude  paraffin  by  distillation  with  sulphuric 

acid.    Jahrlmch  d.  k.  k,  geolog,  Reiehsanstalt,  iii.  No.  2,  p.  36. 

1863.  W.  Brown. — Preparation  of  volatile  products,  especiijly  paraffin,  from  ooab 

and  bituminous  substances.     Chem,  Gas.  1863,  p.  476. 

1864.  Warren  Be  La   Bue. — Specification  of  patent  for  the  manufacture  of 

paraffin  and  hydrocarbons  from  petroleum  (No.  2,719^. 

1 866.  W  a g  e  n  m  a  n  n. — ^Manufacture  of  paraffin  and  volatile  hydrocarbons  from  ooal 
and  bituminous  shale.    Dingl.  pol.  J.  cxzxvii.  86. 

1866.  Angers tein. — ^Preparation  of  similar  products  from  inferior  kinds  of  lignite 
or  peat    Dingl.  pol.  J.  czxxvii.  49. 

1866.  Presenius. — Kxaimination  of  certain  lienites  from  the  Westerwald,  with 
respect  to  the  products  which  they  yield  by  dry  distillation.  IHngl.  pol,  J, 
cxxxviii.  129. 

1 866.  Engelbac h. — ^Products  of  the  distillation  of  bituminous  shale  from  Werther, 
near  Bielefeld.    IHnaL  pol.  J.  cxxxviii.  380. 

1866.  H.  Schroder. — ^Procfucto  of  the  distillation  of  the  bituminous  shale  of 
Bruchsal.    Dingl.  pol.  J.  cxxxviii  437. 

1866.  Karmarsch. — ^Uluminating  power  and  value  of  paraffin-candles.  IHngl, 
pol.  J.  cxxxviiL  188. 

1866.  H.  YohL— Onthejnx>ductsofthedistilhitionofBhenishshale(B/a^^«cA»e/(T}, 
various  kinds  of  lignite  and  peat  Ann.  Ch.  Pharm.  xcvii.  9 ;  xcviii.  181. — 
Dingl.  pol.  J.  exxxix.  216 ;  cxL  63. — J.  pr.  Chem,  IxviL  418 ;  Ixviii.  604.^- 
Chem.  Centr.  1866,  pp.  342,  466. 

1856.  0.  M  uUer. — ^Products  of  the  distillation  of  lignite  from  the  neighbourhood  of 
Aussig  in  Bohemia.    Zeitsehr.  Pharm.  1866,  p.  90. 

1866.  P.Wagenman n. — On  the  amount  of  paraffin,  &&,  obtained  from  various  kinds 
of  peat,  lignite,  and  shale  (p.  346).  Dingl.  pol.  J.  exxxix.  293. — On  the  pre- 
paration ol  photogen  and  paraffiln  from  peat  and  lignite  by  distillation  in 
frimaces.  Din^l.  pol.  J.  cxL  461 ;  Chem.  Centr.  1866,  p.  699. — On  paraffin 
and  ^otogen  in  general  Dingl.  pol.  J.  cxxrix.  802. — On  the  distillation  of 
paraffin  oU  and  photogen  in  vacuo.  Dingl,  pol.  J.  exxxix.  43 ;  Chan.  Centr. 
1866,  p.  97. 

1866.  Bellford. — ^Apparatus  for  obtaining  paraffin  and  mineral  oil  from  shale  and 

other  bituminous  substances.     Repertory  of  Patent  Inventions,  Aug.  1866; 
Dingl.  pol.  J.  exxxix.  42. 

1867.  Process  (patented  in  the  name  of  A.  V.  Newton)  for  obtaining  oil  adapted  for 

illumination,  from  lignite  and  bituminous  shale,  by  the  first  distillation. 
Repertory  of  Patent  Inventions,  Jan.  1867 ;  Dingl.  pol.  J.  exxxix.  42. 
1867.  YohL — On  the  preparation  and  purification  of  solid  and  liquid  distilled  pro- 
ducts adapted  for  illumination,  from  mineral  substances.  Ann,  Ch.  Pharm, 
ciiL  283. — On  the  quantities  of  photogen,  paraffin,  &c.,  obtained  from  the 
lignite  of  the  Bhon.  Dingl,  pol.  J.  cxliii.  363  ;  from  the  peat  of  Bostockina 
in  Bussia,  ^id.  cxliv.  444  ;  and  from  the  Posidonienschiefer  of  Wurtemburg, 
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ibid,  edv,  47. — Beport  on  the  qaantities  of  Tolatile  illmninating  materials  ob- 
tainable from  Tarions  bituminous  materials,  ilnd.  cxlv.  51. — Similar  reports 
by  P.  Wagenmann,  ibid.  gxIt.  309;  and  C.  Mailer,  ibid,  cxItL  210. 

1867.  B.  Hnbnerand  R.  EorkeL — On  the  quantities  of  light  and  heav^  oils, 
paraffin,  &c.,  obtainable  from  yarions  kinds  of  coaL  IHngl,  pol,  J,  czUIl  143 ; 
Chem.  Centr.  1867,  p.  130. 

1867.  Th.  Engelbach. — General  Tiew  of  the  products  of  the  distillation  of 
mineral  substances,  &&,  as  illuminating  materials,  and  especially  the  bitumin- 
ous sand  of  Heide  in  Holstein.    Ann.  Ch.  Pharm.  dii.  1. 

1867.  B.  Hiibner. — On  the  industrial  working  of  lignites  for  the  preparation  of 
photQgen,  paraffin,  &c.    DingLpol.  J.  cxlvi.  211,  418. 

1867.  Orth. — Illuminating  power  of  scnist-oils.    DingLpol,  J,  czUt.  398. 

1858.  V  o  h  L — Further  communications  respecting  the  preparation  of  paraffin,  and  the 

utilisation  of  the  secondary  products  obtained  m  its  manufacture.  Ann.  Ch, 
Pharm,  evil.  46. — In  abstract,  together  with  the  results  of  previous  communi- 
cations.   J.  pr.  Chem,  Izzv.  289;  BSp.  Chim.  app.  i.  37. 

1868.  C.   SprengeL    L.  Unger. — On  the  dry  diBtiOation  of  lignite  and  other 

bituminous  minerals.  Dingl.  pol,  J,  cxlix.  220,  468  ;  cl.  130. 
1868.  Vohl. — ^Examination  of  Burmese  UAohtha  or  Rsmgoon  tar  as  a  raw  material 
for  the  preparation  of  photogen  and  paraffin.  JHngl.  pol,  J,  czlyiL  374. — J. 
Barlow.  On  the  treatment  of  this  mineral  oil  for  obtaining  a  paraffin-like 
substance  {Belnumtin),  liquid  hydrocarbons  fit  for  illumination,  &c.  Cwinos, 
xii  513. 

1868.  VohL — On  two  illuminating  materials,  tie.  Pinolin  (a  product  of  the  distilla- 

tion of  American  pine-resin),  and  Oleone  (a  product  oi  the  lime-salts  of  fatty 
acids,  obtained  by  precipitating  waste  soap-liquor  with  chloride  of  calcium, 
with  addition  of  a  small  quantity  of  quickhme).    Dingl,  pol,  J.  cxIttL  304. 

1 869.  Hu b  n  e r. — ^Further  contributions  to  the  manufacture  of  photogen,  solar  oil  and 

paraffin,  from  lignite.    DingL  pol,  J.  clL  119. 
1869.     Wagenmann.  — New  raw  materials  for  tE^  preparation  of  photogen  and 

psfaffin,  occurring  in  Scotland.    JHngl,  pol.  J;  di.  116. 
1869.    Vohl. — ^Examination  of  Tarious  bituminous  materials  with  respect  to  their 

applicability  to  the  preparation  of  illuminating  materials.    DingL pol.' J,  dii. 

306,  390;  diii.  328;  Ann,  Ch.  Pharm,  cix.  182;  J.  pr.  Chem.  Izxvii  206; 

Chem.  Cenir.  1869,  pp.  386,  490,  617 ;  Bep.  Chim.  app,  i.  292. 
1869.    J.  E.  Hess. — ^Amount  of  photogen  obtaiDea  from  a  peat  occurring  in  Anhalt. 

DingLpol,  J,  diii.  380 ;  Chim.  Centr.  1860,  p.  164. 

1859.  C.  Hasse. — On  illuminating  materials,  &c.,  obtained  by  the  distillation  of 

GalHdan  petroleum.    DingL  pol.  J.  di.  446 ;  RSp,  Chim,  app,  I  292. 
1859.    J.  M  i  t  c  h  el. — On  the  purification  of  paraffin.   Bep.  of  Patent  Inventions,  April 

1869,  p.  300;  DingL  pol,  J,  dii.  160. — ^Kernot. — On  the  same.    London 

Journal  of  Arts,  Sept  1869,  p.  160;  DingL  pol,  J,  div.  64. — C.  G-.  Hiiller. 

— On  the  same.    DingL  poL  J,  dir.  227. 
1869.    F.  C.  Caly  ert— On  the  variations  in  the  composition  of  coal-tar,  a<^rding  to 

the  kind  of  coal  from  which  it  is  obtained.     Vompt.  rend,  xlix.  262 ;  Jahrisb. 

1869,  D.  742. 

1859.  AntiselL — ^The  manufacture  of  photogenic  and  hydrocarbon  oils  from  coal 

and  other  bituminous  substances  capable  of  supplying  burning  fiuids.  New 
York  and  London ;  notice  of  the  same  by  F.  H.  Storer.  &IL  Am,  J.  [2] 
XXX.  112,  264. 

1860.  L.  Unger. — On  the  composition  and  occurrence  of  lignites,  especially  adapted 

for  the  production  of  tar,  and  on  the  treatment  of  the  tar  for  obtaining 

paraffin,  photogen  and  solar  oil.    DingL  pol,  J,  dy.  41 ;  Chem,  Centr.  1860, 

p.  515. — On  the  qualitative  and  quantitative  di£ferences  in  the  tar  obtained 

from  lignite,  acooming  to  its  structure  and  mode  of  occurrence.    DingL  pol,  J, 

dviii.  222  ;  Bip.  Chim,  app.  iu.  240. 
1860.    H.  Ferutz. — ^Description  of  the  retort  furnaces  (for  heating  lignite)  in  the 

photogen  and  paraffin  factory  of  Wilhelmshiitte  near  Oscherscheben.    DingL 

pol,  J,  dv.  66. 
1860.    C.  Z  i n  ck  e  n. — On  the  illuminating  power  of  the  products  of  the  distillation  of 

lignite,  &c.    DingL  pol.  J.  dv.  128,  216. 
1860.    Dumoulin  and  Cotelle. — On  a  method  of  rendering  heavy  coal-tar  oil 

adapted  for  illumination.     Chem,  Centr.  1860,  686. 
1860.    W.  Schmidt — On  the  quantities  of  illuminating  oils,  paraffin,  &&,  obtained 

from  various  kinds  of  Kussian  peat     Chem.  Centr.  1860,  p.  804. 
1860.    H.  Sch  warz^ — On  the  applicability  of  Gkdlician  petroleum  to  the  preparation 

of  photogen  and  solar  oil.    DingL  pol,  J.  clvL  464. 
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1861.  V  o  h  I — On  the  eaiiBes  of  the  fSulnie  of  many  fiictories  of  paraffin  and  photogen 
IHngl.  pol.  J.  dii  376. 

1861.  A.  Oesaner. — On  coal,  petroleam  and  distilled  oils.    8yo.  New  York. 

1862.  Dallo. — On  the  preparation  of  mineral  oils  and  paraffin  from  Tarione  n,w  ma- 

terials, Cktm,  Antr,  1862,  pp.  262,  266,— <being  an  extract  firom  his  work 
entitled  "  Die  Torfyerwerthung  in  Emopa.'* 

1862.  B.  H.  P  a  n  L —  On  the  working  of  the  bitaminona  peat  of  Lews  Island  (Hebrides), 
for  the  same  pnrpoee.     Chem,  NewSf  yi.  221,  243. 

1862.  A.  H.  Chnrch.— On  the  oils  obtained  from  Alb<^rtite.  Chem.  Hews,  tI.  122; 
Rip,  Ckhn,  oop.  iy.  419. 

1862.  Perntz.— On  the  reeoyeiy  and  utilisation  of  the  acid  and  alkaline  Hqnids  em- 
ployed in  the  purification  of  mineral  oils.    Dingl.  pol,  J,  cbdii.  66. 

1862.  Sten  house. — Application  of  paraffin  to  the  impregnation  of  leather  and  tis- 

sues, to  render  them  air>  and  water-tight.  Lonaon  Journal  of  Arts,  September 
1862,  p.  164 ;  IHtiffl  pol.  J,  czlyii.  72. 

1863.  B.  H.  PauL — ^Deetructiye  distillation,  considered  in  reference  to  modem  In- 

dustrial Arts.    Jour.  8oe,  Artt,  zi.  470 ;  Chem,  News,  vii.  282,  ylii.  56,  78. 

1 863.  G.  T  h  e  n  i  u  s. — Examination  of  peat  from  Salzburg  and  lignite  £rom  EUnbogen, 
with  regard  to  their  adaptability  for  the  preparation  of  photogen  and  paraffin. 
Dinffl,  pol.  J,  dzix.  362,  467 ;  olxr.  296,  361. 

1863.  H.  Lahore. — ^Description  of  an  apparatus  with  reyolying  retorts  for  the  distil- 
lation of  schists,  asphalt)  &c  Dingl.  pol.  J.  dxx.  104.  W.  M.  Wi  1 1  i  am  s. — 
Description  of  reverberatory  furnaces  for  similar  purposes.  Le  Technoloffiste, 
June  1863,  p.  468 ;  Dingl.  pol,  J,  cItt.  106. 

1863.  Breitenlohner. — Process  for  improving  heavy  oils  obtained  from  peat-tar 
and  rendering  them  fit  fi>r  illumination.  IHngl.  pol,  J.  czlyii  378 ;  Bull, 
Soc.  Chim,  yL  71* 

1863.  A  W.  Hofmann. — ^Report  on  chemical  products  and  processes  in  the  Inter- 

national Exhibition  of  1862,  pp.  138—144. 

1864.  B.  H.  PauL — ^Artificial  light  and  lighting  materials.     Jour.  Soc.  ArtSf  xii. 

311 ;  Jour.  Franklin  Institute,  1866. 
See  also  the  several  volumes  of  Waanet^s  Jahresbericht  uber  die  FortschriUe  und 
Leistungen  der  chendechen  Technologies  Leipzig,  1866 — 1864.  B.  H.  P. 

VABAO&OBU&AJUrmr.    See  Globuulbia  (iL  846). 

VAXAOVAT  TXA  or  Yerha-nuUe. — The  dried  leaves  and  twigs  of  Peoralea 
glandulosa,  L.,  Bex  paraguayeneie,  St.  Hilaire.  They  contain  caffeine,  1*1  to  1*2  per 
cent  according  to  Stenhouse  (PhiL  Mag.  [3]  iriii.  426);  0*44  per  cent,  according 
to  Stahl Schmidt  (Pogg.  Ann.  cxiL  441). 

Syn.  with  0  Hexylene.    (See  Bjixtlenb,  iii.  156.) 

Syn.  with  Saboolactic  Acn).  (See  Lactic  Acid,  iiL  457.) 

See  Albuvin  (i.  68). 

The  liquid  modification  of  aldehyde  obtained  by  Weiden- 
busch  (see  Aldbthtdb,  L  109).  According  to  Lieben  (Jahreeb.  1860,  p.  103),  it 
is  also  produced  by  heating  aldehyde  with  ethylic  iodide  to  100°  in  a  sealed  tube.  It 
melts  at  12**,  boils  at  123^^ — 124°,  and  has  a  vapour-density  of  471,  agreeing  nearly 
with  that  cidculated  for  2  vol.  from  the  triple  formula  of  aldehyde,  C*H*'0'.  It  is 
probably  identical  with  the  modification  of  aldehyde  which  Geuther  and  Cartmell 
obtained  by  the  action  of  sulphurous  acid  upon  aldehyde  (melting  at  10°,  boiling  at 
124°),  perhaps  also  with  Fehling's  elaldehyde.  A  body  having  the  same  properties, 
excepting  that  it  melts  at  4°,  is  prodnced  by  saturating  aldehyde  with  cyanogen  gas,  and 
leaving  the  solution  to  itself  in  a  sealed  tube  for  some  time  at  the  ordinary  temperature. 

P IIH il TtTilfLOSTBMXSlfc  Compounds  analogous  in  composition  and  exhibiting 
equal  difierences  of  atomic  volume,  are  allied  byScheerer,  paralUloeteric  compounds. 
(See  IsoxoBFHiSH,  iii.  432.) 

PAXAZiOCUTB.  A  silicate  of  aluminium,  calcium,  and  sodium,  intergrown  with 
lapis  lazuli,  from  the  neighbourhood  of  Lake  Baikal,  in  white  four  or  eight-sided 
pnsms,  harder  than  quartz,  having  a  specific  gravity  of  2*665,  and  melting  before  the 
blowpipe  to  a  colourless  glass.  It  contains,  according  to  Thoreld,  44'96  per  cent, 
aflica,  26*89  alumina,  14*44  lime,  10*86  soda,  1*01  potash  (with  1*86  loss)  {Rammels- 
ber^s  Mineralchemiey  p.  778).  According  to  Kokscharow,  N.  Petersb.  Acad.  Bull. 
L  231),  it  has  the  same  angles  as  mejonite,  and  may  be  regarded  as  a  variety  of 
scapohte. 

A  substance  isomeric  with  cyanamidc,  CH'N',  produced  by  the  action 
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of  carbonic  anhydride  on  sodamide.  It  ciTstalliJWfl  in  concentric  gioiipB  of  fine  silky 
prisms,  solnble  in  irator  and  alcohol,  melting  at  100^  when  dry  (<7aDamide  melt«  at 
40^),  and  solidifying  again  in  the  aystalline  form  at  about  180°.  It  is  farther  dis- 
tingoished  from  cyanamide  (ii  188)  by  not  forming  either  a  yellow  silyer  eomponnd 
or  a  brown  copper  compound.  Cyanamide  changes  into  panm  when  left  to  itself  for  a 
long  time.    (Beilstein  and  Geuther,  Ann.  Ch.  Pharm.  eriii.  88.) 

Syn.  with  Fuicabio  Acid  (iL  741). 
Syn.  with  Dioltcoluc  Acid.    (See  GLTCx>LLioAoaa>, 
ii.  »12.) 


Syn.  with  CoiCDno  Aoio  (i.  1103). 
See  MBifnraBMnni  (iii.  880). 

See  Melutic  Acm,  Ajudbs  of  (iii.  873). 

ac  AOZD.    Syn.  with  PiiLLoxTBBinAiac  Acm  (p.  362)« 

kMOXPBZVB.    Syn.  with  TssB^hm. 

VASAXOBPBOUB  CRTSTA&8.  This  term  was  first  applied  by  W.  Stein 
and  atterwards  adopted  bvScheerer  (J.  pr.  Chem.  ItiL  60),  to  designate  certain 
pseudomorphs  in  which  a  change  of  molecular  structure  has  taken  place  without  alter- 
ation  of  external  form  or  chemical  constitution:  fSor  example,  the  monoclinic  crystals 
of  fiised  sulphur,  which  gradually  become  opaque  and  are  men  found  to  be  made  up  of 
crystalline  particles  having  the  trimetric  form  of  sulphur  crystallised  from  Vision  at 
low  temperatures  (iL  332) ;  also  crystals  of  arragonite  (trimetric)  altered  internally  to 
calcspar  (rhombohedral),  and  of  iron  pyrites  (monometric)  altered  internally  to  mar- 
casite  (trimetric).  Scheerer  also  reffEurds  as  paramorphs,  many  instances  of  pseudo- 
morphism in  which  a  change  of  chemical  composition  has  taken  place  as  well  as  of 
molecular  structure,  e.g.  the  crystals  of  scapoUte  occurring  at  Snarum  and  Krageroe,  in 
Norway,  which  consist  of  crystBllo-graziular  masses  of  orthodase  or  albite,  supposing 
that  these  minerals  are  dimorphous  and  sometimes  crystallise  in  the  fonn  of  scapolite. 
For  a  full  discussion  of  the  subject^  see  Scheerer  s  article  Pahakobphosb  m  the 
Handworterbuch  der  Chemie,  tL  53;  also  Jahresb.  1852,  p.  302;  1853,  p.  860;  1854, 
pp.  872,  888. 

VASABCITOZC  ACZB.  An  isomeric  modification  of  mucic  acid  produced  by 
prolonged  boiling  of  the  latter  with  water  (iii  1057). 

VABAinxxva  or  Diamylene,  C'E". — ^A  polymeric  modification  of  araylene 
which  passes  over  at  160°,  when  amylic  alcohol  is  distilled  with  chloride  of  zinc 

PAXAHmbOVBa  The  name  given  by  Gottlieb  (Ann.  Ch.  Pharm.  Ixxv.  51) 
to  small  grains  resembling  wheat- starch,  which  are  contained  in  considerable  quantity 
in  EugUna  viriduy  a  species  of  infusorium.  They  are  white,  insoluble  in  water  and  dilute 
adds,  and  have  the  composition  of  starch.  At  200°  they  are  converted  into  a  tasteless 
gummy  mass,  soluble  in  water.    Fuming  hydrochloric  add  converts  them  into  glucose. 

VABAlTAPRTaaXAVB  or  AMTBMA.CMKM.  C>^H>«.— A  hydrocarbon 
discovered  by  Dumas  and  Laurent  in  1832  (Ann.  Ch.  Phys.  [2]  1.  187),  further 
examined  by  Laurent  (»6f<2.  Ix.  220;  Ixvi  149;  Ixxii.  415),  Fritzsche  (Ann.  Ch. 
Pharm.  cix.  249),  and  more  completely  by  Anderson  (Edinb.  Phil.  Trans,  xxii.  [3] 
681 ;  Chem.  Soc  Qu.  J.  xv.  44).  It  is  produced  in  the  dry  distillation  of  coal,  bitu- 
minous shale  and  wood,  and  is  contained  in  the  last  heavy  and  semifiuid  portions  of 
the  tar,  at  first  together  with  naphthalene,  finally  with  chrysene.  A  commerdal  pro- 
duct of  this  kind,  used  as  a  lubricator  for  macninery,  is  yellow,  soft;  somewhat  like 
palm-oil,  and  contains,  besides  anthracene,  a  small  quantity  of  naphthalene,  and  a 
much  less  Tolatile  empyreumatic  oil. 

Preparation, — Crude  commercial  anthracene  is  distilled  from  an  iron  retort^  and  the 
colourless  portions  which  pass  over  at  the  beginning  are  pressed  to  remove  the  oil, 
and  purified  by  repeated  crystallisation  from  benzene,  or  by  sublimation.  The  coloured 
portions  which  pass  over  at  a  later  stage  of  the  distillation,  are  obtained  colourless  by 
repeated  rectification,  then  purified  in  uie  same  manner.    (Anderson.) 

Fritzsche  immediately  dissolves  anthracene,  obtained  by  pressure  and  reciys- 
tallisation,  in  boiling  benzene,  together  with  excess  of  picric  add,  whereby  crystals  of 
the  piciate  are  obtained  on  cooling.  From  this  compound  anthracene  may  be  separated 
by  ammonia,  and  purified  by  recrystallisation  from  alcohol. 

Properties, — Anthracene  forms  small  colourless  laminae,  which  exhibit  a  silky  lustre 
when  immersed  in  alcohol,  but  become  dull  when  dry.  The  laminae  which  separate 
from  solution  in  benzene,  are  less  lustrous  and  somewhat  granular  (Anderson).  An- 
thracene melts  at  213^  (at  180°,  according  to  Dumas  and  Latirent;  at  about  210°, 
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according  to  Fritzsche)  to  a  coloorleas  liquid,  which  aolidiflea  to  alamino-ciTstaUine 
mass  pn  cooling.  It  sublimes  slowly  at  the  heat  of  the  water-bath,  more  quickly  in 
thin  laminae^  at  a  stronger  heat,  and  distils  without  decomposition  at  a  BtUl  hiffher 
temperature  (Anderson),  above  800®  according  to  Dumas  and  Laurent.  It  is 
inodorous  if  free  from  empyreumatic  oil ;  tasteless.  Speciflc  ffravity  1*147  (R  e  i  c  h  e  n  - 
bach).— Vapour-density,  obe.  —  6*74  at  460^  (Dumas  and  Laurent);  calc.  —  6-17. 

Anthracene  is  insoluble  in  VHiter,  but  dissolves  easily  in  boiling  alcokolf  more  abun- 
dantly in  ether,  beneene^  and  voiaHle  oils  (Anderson),  especially  in  oil  of  turpentine 
(Dumas  and  Laurent).  It  is  not  altered  by  alkalis.  When  it  is  dissolved  together 
with  excess  of  picric  acid  in  boiling  benzene,  the  liquid  on  cooling  deposits  deep  ruby- 
coloured  crystals  of  pier  ate  of  anthracene,  C'^£[**.G"H*(NO')K).  This  compound 
melts  at  about  170^,  and  is  decomposed  wholly  or  partially  by  water,  alcohol,  and 
ether,  which  dissolve  out  the  picric  acid.     (Fritzsche.) 

Decompositions. — 1.  Anthracene  dissolves  \r  oil  of  vitriol,  with  green  colour,  and 
forms  a  conjugated  add. — 2.  In  contact  with  bromine,  either  liquid  or  gaseous,  it  is 
slowly  converted  into  hexbromanthracene. 

3.  Anthracene  exposed  to  a  slow  current  of  ehhrtne-gas  for  not  too  long  a  time,  is 
converted  into  hydrochlorate  of  chloranthracene,  a  small  quantity  of  hydro- 
ehloricadd  gas  being  evolved  at  the  same  time.  Exposed  for  a  short  time  to  a  rapid  cur- 
rent of  chlorine,  it  becomes  heated,  and  forms  hydrocnloric  acid  and  chloranthracene. 
When  heated  in  chlorine  gas,  it  absorbs  a  much  larger  quantity,  gives  off  larger 
quantities  of  hydrochloric  acid,  and  exhibits  an  increasing  amount  of  chlorine,  till  after 
ei^^ht  days,  a  semi-fluid  product  is  obtained,  which,  by  solution  in  ether  and  evapor- 
ation, is  resolved  into  an  oily  and  a  ciystaUisable  chlorine-compound  (Anderson). 
The  czTstals  are  soluble  in  alcohol,  ether  and  benzene ;  contaiin  47*6  per  cent.  G  and 
2-56  H,  and  ar^  perhaps,  C>^H*CP  (calc.  47*39  per  cent.  C,  2*54  H)  or  perhaps  a 
mixture.  The  oil  treated  with  alcoholic  potash,  yields  more  than  one  crystallisable 
substance.    (Anderson.) 

4.  Anthracene  is  but  sbghtly  attacked  by  cold  nitric  acid,  but  by  boiling  for  several 
days  with  nitric  acid  of  speciflc  gravity  1*2  it  is  oonvertedinto  oxanthracene.  Nitric 
of  specific  gravity  1*4  likewise  forms  oxanthracene,  but  mixed  with  other  products ;  if 
fuming  nitric  acid  be  added  at  the  same  time,  dinitroxanthracene  is  also  produced. 
These  compounds  separate  out  on  coolings  whilst  a  crystallisable  acid  remains  in  the 
mother-liquor.  This  substance,  Anderson's  antkracenic  acid,  obtained  by  careful 
evaporation,  is  easily  soluble  in  water,  and  forms  crystallisable  compounds  with  ammonia 
and  potash,  insoluble  salts  with  baryta  and  oxide  of  lead.     (Anderson.) 

Laurent,  by  treating  anthracene  with  nitric  add,  obtiuned  four  nitro-compounds 

iand  oxanthracene),  the  formulsB  and  independent  existence  of  which  are  doubtful. 
See  Chmelin's  Handbook,  zvL  166.) 

Derivatives  of  Paranaphthalene  or  Anthracene. 

MronuMOumoenemm  (Anderson,  loc,  <»'<.)— When  a  thin  layer  of  pulverised 
anthracene  is  placed,  together  with  bromine,  under  a  bell-jar,  and  the  mass  which  forms 
after  a  few  days  is  pulverised  and  again  exposed  to  the  bromine-vapours,  this  treat- 
ment being  repeatea  as  long  as  the  bromine  continues  to  be  absorbed,  and  the  brown  mass 
then  dissolved  in  benzene,  the  solution  on  cooling  deposits  hexbromanthracene, 
C**H*Br*,  which,  when  reciystallised  from  ether  or  from  benzene,  forms  small,  white, 
hard,  apparently  rhombic  oystals.  It  is  sparingly  soluble  in  alcohol,  ether  and  benzene; 
turns  brown  at  176°,  and  melts  at  182®,  with  evolution  of  bromine.  When  heated  with 
oil  of  vitriol,  it  melts,  andgives  off  bromine  and  hydrobromic  acid.  It  is  but  slightly 
attacked  by  nitric  acid. — ^With  cUcoholio  potash  it  acquires  a  yellow  colour,  and  forms 
bromide  d  potassium  and  bromide  of  dibromanthracene.  C'*H*Br'.Br^,  which, 
when  reciystallised  from  bensene,  forms  long  yellow  needles,  having  a  fine  silky  lustre, 
and  melting,  with  partial  deoompodtion,  at  238®.  They  are  nearly  insoluble  in  cold 
benzene,  and  soluble  only  in  benzene  heated  above  100® ;  still  less  soluble  in  alcohol 
and  ether,  either  hot  or  cold. 

CHilonuitliraoeBe.  C**H*C1. — This  compound,  obtained  by  subjecting  anthracene 
to  the  action  of  a  rapid  stream  of  chlorine  for  a  short  time  only,  forms  small,  hard, 
crystalline  scales,  soluble  in  alcohol,  ether  and  benzene.     (Anderson.) 

ffydrochloraie  of  Chloranthracene,  C'*H*CLHC1. — To  obtain  this  compound,  cold 
chlorine  gas  is  passed  in  a  slow  stream  over  anthracene,  and  the  resulting  mass  is  crys- 
tallised by  solution  in  benzene  and  cooling.  Laurent  introduces  pulverised  anthra- 
cene into  a  bottle  filled  with  chlorine,  dissolves  out  the  anthracene  which  remains  un- 
altered after  48  hours,  with  a  small  quantity  of  boiling  ether,  and  crystallises  the 
undissolved  portion  from  a  large  quantity  of  boiling  ether.  It  forms  radiate  needles 
often  very  long  (Anderson);  yellowish,  shining  laminse,  fusible  and  volatile  (Lau- 


352  PARANICENE—PARA-OXYBENZAMIC  ACID. 

rent).  It  is  easily  soluble  in  aleokol,  to  which  also  it  gives  up  a  small  quantity  of 
hydrochloric  acid,  slightly  soluble  in  ether»  Aleoholio  potash  oonyerts  it  into  duor- 
anthracene. 

Ozaatliraoeiie*  C"H*0'.  Paranaphtalhe,  Anthraeenuse.  (Laurent,  Ander- 
son.)— ^When  anthracene  is  boiled  for  some  days  with  nitric  acid,  a  resin  is  formed 
which  becomes  granular  on  cooling,  and  when  washed  with  water  and  recrystalh'sed 
from  alcohol  or  benzeno,  forms  light  reddish-fellow  crystals  of  oxanthracene,  fusibl«s 
Tolatile  without  decomposition,  and  subliming  in  long  needlen.  When  heated  on 
platinum-foil,  it  bums  with  a  smoky  flame  and  without  residue.  It  is  neutral,  insoluble 
m  water  J  sparingly  soluble  in  alcohol^  somewhat  more  soluble  in  benzene  (Anderson), 
nearly  insoluble  in  boiling  ethery  and  in  hot  coal-tar  oil  (Laurent).  It  dissolyes  in 
boiling  nitric  acid  of  specific  gravity  1*4,  and  crystallises  on  cooling ;  also  in  strong 
sulphuric  acidf  and  is  reprecipitated  by  water  (Anderson).  It  is  not  altered  by  hot 
hi/droehloric  acid^  by  potash-Uy  or  quick4imef  not  even  when  sublimed  over  the  latter. 
When  it  is  heated  in  a  test-tube  with  concentrated  hydriodic  acid^  white  scales  re- 
sembling stilbeue  condense  in  the  upper  part ;  C'^HH)"  +  SHI  —  C"H"  +  !•  + 
2H*0?    (Anderson.) 

JHnitroxanthracene,  C»*H«NK)«  «  C"H«(NO«)«0».— When  anthracene  is  boiled  with 
nitric  acid,  and  portions  of  the  fuming  acid  are  added  from  time  to  time,  red  fiunes  are 
continuously  evolved,  and  the  anthracene  is  converted  into  a  resinous  mixture  of 
oxanthracene  and  dinitroxanthracene.  From  this  mixture  the  dinitroxanthracene  may 
be  separated,  by  heating  with  a  small  quantity  of  alcohol  and  cooling,  as  a  red  powder 
having  very  litUe  of  the  ciystalline  character.    (Anderson.) 

VASAirzCBVa.  The  name  giten  by  St.  Evre  to  a  solid  hydrocarbon,  C'*H"  ? 
which  he  obtained  by  distilling  chloroniceic  (chlorobenzoic)  acid  (i.  921)  with  caustic 
lime  or  baryta.    Fuming  nitric  acid  converts  it  into  a  nitro-compound,  C'*H"(NO*). 

VAlUkMICZira.  G**H"N  ? — ^A  base  produced  by  the  action  of  sulphide  of  ammo- 
nium on  nitroparanicene.  It  dissolves  in  acids,  formmg  crystAllisable  salts,  and  is  pre- 
cipitated from  the  solutions  in  snowy  flakes  soluble  in  ether.  (S  L  ITt  r  e.  See  Gerha^dt's 
TVot^,  iii.  66.) 

PAXAVZIXVa.  C^*H*^N*.  (Hofmann,  Proc.  Hoy.  Soc.  xii.  314.)— During 
the  preparation  of  aniline  on  the  large  scale,  several  bases  of  high  boiling  point  are 
produced.  They  aro  to  be  found  in  the  residues  which  remain  in  the  stills  in  which 
the  crude  aniline  is  rectified.  By  distilling  these  residues  and  fractionating  the  pro- 
ducts, a  variety  of  bases  are  obtained,  among  which  may  be  mentioned  toluylene- 
diamine,  martylamine  C'*H"N,  and  paraniline  C"H'*N*. 

Preparation, — ^When  the  fractions  boiling  above  330°  are  treated  with  dilute  sul- 
phuric add,  a  semisolid  crystalline  mass  is  obtaine<l,  consisting  of  two  sulphates  of 
oifferent  degrees  of  solubility,  the  more  soluble  being  the  sulphate  of  paraniline,  the 
less  soluble  the  sulphate  of  martylamine.  On  decomposing  the  more  soluble  salt  with 
caustic  soda,  a  viscid  basic  oil  is  produced,  which  after  some  days  solidifies  to  a  semi- 
solid crystalline  mass.  This  is  to  be  purified  from  adhering  oil  by  pressure  between 
folds  of  flltering  paper,  and  crystallised  flrst  from  water,  and  subsequently  once  or 
twice  from  boiling  alcohoL  Paraniline  forms  long  white  silky  needles,  fusible  at  192°. 
It  boils  above  the  range  of  the  mercurial  thermometer,  but  distils  without  decom- 
position. 

Salts  ofParanUine. — ^From  a  solution  in  strong  hydrochloric  acid,  a  beautiful  hydro- 
chlorate  crystallises  in  transparent  six-sided  plates,  which  when  dried  at  100°  have  the 
formula  C"H"N*.2HCLH*0.  On  treatment  with  water  they  are  immediately  converted 
into  sparingly  soluble  yellow  needles,  which  at  100°  contain  C>«H"N»  HCLHK),  and  at 
116°,  C"H»*N«HCL— The^imtt«i-«a/<,  20"H"N«.H«Cl».Pt''Cl«(at  110°),  forms  yellow 
needles  of  sparing  solubility. — ^The  nitrate^  C"H'*N*,HNO*,  forms  short  yellowish 
needles  grouped  in  stars. — Sulphates.  On  dissolving  paraniline  in  dilute  sulphuric  acid, 
a  salt  easily  soluble  in  water  is  obtained,  having  the  formula  C'*H"N*.H'SO^  Treated 
with  excess  of  base,  it  yields  a  salt  containing  2(C"Hi«N*)H*S0\ 

Ethylated  derivatives  of  Paraniline.  The  action  of  iodide  of  ethyl  on  this  base 
results  in  the  formation  of  two  ethylated  bases,  namely  C'^H'*(C'H^)N^  and 
C«H'«(C»H»)^«.  C.  G.  W. 

AOZB.    Syn.  with  Nitrodractiio  Acid  (p.  60). 

A  name  applied  to  certain  compact  varieties  and  white  and  pale 
blue  crystals  of  scapolite. 

VJkRA-OXTBSXXAMZO  ACZB.  C'H^NO*.  ParamidobenroiCf  Oxydracylamic 
at  Amidodracylie  add.  (G.  Fischer,  Ann.  Ch.  Pharm.  cxxvii.  1 42— W i  1  b r a c d  and 
Beilstein,  ibid,  cxxviii.  257,) — An  acid  isomeric  with  oxybenzamic  acid,  produced  by 
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ihe  actkm  of  snlphiirie  add  oo  nltrodraeylste  (Mnmitfobcmoate)  of  ammonimn 
(Fischer),  or  by  the  action  of  tin  and  hydrcKmlorie  add  on  nitrodracylio  add 
(Wilbrand  and  ]Beilatein).  When  1  pt  of  nitrodnKrlicadd  (p.  60)  and  2  pta.  of 
tin  are  treated  with  oonoentnted  hTcbrochtoric  add,  and  the  filtrate  eyaporated,  colonr^ 
less  needles  or  laminsi  are  obtaineo,  consisting  of  the  componnd  CH'NOMlClf  which 
by  solution  in  ammonia  and  soperBatontion  witili  acetic  add,  ^elds  eiystals  of  paraozy- 
bensamie  add.  A  quicker  method  is  to  precipitate  the  add  tin-solntion  with  sodic 
carbonate  and  snperBatnrate  the  filtrate  with  acetic  add.*  (Wilbrand  and  Beilstein.) 

FaraoxTbenaamic  add  CEystaUises  in  yellowish,  highly  lnstrons  capillary  ciystalsy. 
which  melt  at  197%  and  are  not  coloured  (like  ozybenzamic  add)  by  contact  with  air 
and  water  (Fischer) ;  in  reddish  interlaced  threads,  shining  erystaUizie  tufts,  or  small 
rhombohedrons  melting  at  186^  or  187^  (Wilbrand  and  Beilstein).  When  heated 
with  potash,  it  is  resolved  (more  easily  than  oxybencamic,  less  eanly  than  phenyl- 
carbamic  add)  into  carbonic  anhydride  and  aniline.  Wilbrand  and  Beiistein  regard  it, 
however,  as  identical  with  the  latter  (Chancel's  carbanilic  add).  When  nitratu  acid 
▼aponr  is  slowly  passed  into  a  boiling  solution  of  1  pt.  paraoxybensamic  add  in  120  to 
125  pts.  boiling  water  (with  other  proportions  a  dinbrent  reaction  takes  place)  till  the 
liquid,  which  becomes  dark  in  colour  and  gives  off  nitrogen,  depodts  on  evaporation 
flocks  which  assume  a  remnous  consistence,  the  filtrate  yields  at  a  certain  aegnefii 
concentration,  crystals  of  paraoxybenzoic  acid,  G'H*0'.HK).    f Fischer.) 

Jjgo-faraoxybetuamic  aeid,  G'^H"N'0\  isomeric  with  diazoDenzo-oxybennaaie  add 
(p.  202),  separates  on  pouring  nitrous  ether  (alcohol  saturated  with  nitrous  add)^ 
on  a  cold  saturated  solution  of  paraoxybensamic  Add,  as  a  yellow  oystalline  body, 
which  is  decomposed  bv  hydrochloric  add  in  the  same  manner  as  diaeobenso-oxybens- 
amic  add,  vielding  hy^Kxmlorate  of  paraoxybensamic  add  and  paracholorobensoic  add 
^p.  344).  Nitrous  add  passed  into  a  hot  alcoholic  solution  of  aso-paraoxybenaamic  add 
forms  aldehvde,  together  with  an  add  CH*0',  different  from  salyUc,  and  probably 
identical  witn  ordinary  benzoic  add  (see  the  second  equation  on  page  203).  ( Wi  1  b  r  a  n  d 
and  Beilstein.) 

PARiL-oacnnXOZO  ACZS.  CH'O*.    (Sa^tseff,  Ann.Ch.Pbarm.cxxvii» 
129.) — ^An  add  isomeric  with  oxybenaoic  and  with  salicylic  acid,  produced  by  heating 
aoisic  add  with  concentrated  aqueous  hydriodic  add  to  126^ — 130^  for  twelve  to  six 
teen  hours : 

C«HW     +     HI      -      C*HW     +     CH>I; 

also,  according  to  Fischer  (p  851),  by  the  action  of  nitrous  add  on  paiaoxybenzamio 
add.  It  crystallises  from  hot  water  (according  to  A.  Knop's  determinations)  in  small 
monodinic  prisms,  exhibiting  the  combination  ot>P  .  oP  .  ooPoo ,  with  the  following 
approximate  values  of  the  angles ;  ooP :  qdP  in  the  orthodiagonal  prindpal  section, 
=  140°;  ooPoo  :  ooP  «.  110®;  oP  :  ooPoo  »  106°  80';  oP :  ooP  «  85°.  It  dis- 
solves in  126  pts.  of  water  at  15® ;  more  easily  in  hot  water,  alcohol,  and  ether;  has  a 
sour  taste ;  contains  when  air-dried,  1  at  water  (G^*0*.H'0) ;  becomes  anhydrous 
at  100® ;  melts  with  partial  decompodtion  at  210®,  and  solidifies  betireen  160®  and 
170®.  It  is  distingnished  from  salicylic  add  by  its  melting  pdst  and  solubility 
(salicylic  add  melts  at  150®,  and  requires  1000  pts.  of  cold  water  to  dissolve  it) ;  by 
forminff  with  ferric  chloride  a  yellow  predpitate  soluble  in  excess,  without  riolet 
coloration ;  and  by  the  much  greater  facility  with  which  it  is  resolved  into  phenylio 
alcohol  and  carbonic  anhydride.  From  oxybenzoic  add  (p.  205)  it  is  distinguished 
by  ite  crystalline  form,  and,  according  to  Saytzeff,  by  its  behaviour  when  heated  to. 
the  subliming  point  (oxybenzoic  add,  according  to  Fischer,  ciystallisea  in  anhy- 
drous rectangular  prisms,  melts  at  200®,  and  sublimes  almost  unaltered  even  when 
quickly  heated ;  according  to  Gerland,  however,  it  splits  up  into  carbonic  anhydride 
and  phenylic  alcohol). 

Paraoxybenzoic  add  forms  with  the  alkalis,  eadly  soluble  salts,  difficult  to  crvstallise; 
with  the  alkaline  earths  and  with  the  oxides  of  zinc  and  cadmium,  it  forms  salts  which, 
are  likewise  easily  soluble,  but  crystallise  well.  The  cadnuum-Mlt,  C>«H>«Cd''0«.4H*0, 
crystallises  in  large  well-defined  rhombohedrons;  the  tUver-aalt^  2C'H'AgO*.5H'0, 
crystallises  from  TOiling  water  in  long  needles. 

VABABBOTZO  AOZB  and  VAJtaVBOmr.     See  Pscnc  Aero  and  PECfcnr. 


VABAVROSVBOSZC  AIOXD*    A  name  of  dibasic  phosphoric  acid  (see  Phos- 

FHO&US,   0XTGHK-ACn>8   OF). 

I^ASAPZCO&ZMS.     C'*H>*N'?     (Anderson,  Ann.  Ch.  Pharm.  Ix.  86.)— A 


•  Kttrobensote  add  trMted  In  like  manner  with  tin  and  hydrochloric  acid,  jrfelds  the  double  salt 
C7H7NOMICI.Sd"C1>,  which,  bjr  tucoettlve  tMaCment  with  sulphydric  add,  ammonia  and  acetic  add, 
may  be  converted  into  oxybeniamic  add.  The  coorenlon  of  nltrobenioic  acid  into  oxyheniamic  acid, 
may  also  be  eflhcted  by  hydrochloric  acid  and  line.  Nitrodracylie  (paranitrobeniolc}  acid  It  not  acted 
upon  by  sine  and  hydrochloric  acid.    (Wilbrand  and  Beiliteln.) 
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base  pojimeric  with  dooline  (CH^lT),  obtained  bj  tt«atiiig  picoliBe  wiOk  i  to  |  of  ittf 
weight  of  sodium  at  tae  boiling  heat  for  sevenil  dayi^  treating  the  biown  reainons  mass 
thereby  iwodnced  with  water,  which  diasolvea  aoda  and  leaT«fl  a  heavy  viflcid  oil,  wash- 
ing th#  latter  with  water,  distilling^  ooUeeting  apart  the  oil  which  paosea  ore*  it  at  a 
high  temperature,  and  rectifpig. 

The  action  of  the  sodinm  in  &e  conTersion  of  picoline  into  panpicoline  haa  not  bean 
exactly  made  out.  A  la^  portion  of  the  metal  remains  nnaltered ;  part  of  it  bow- 
ever  enters  into  combination,  probably  forming  the  oomponnd  (>H*NaN  (no  eTolntion 
of  hydrogen  was  howerer  observed),  which  is  sabsequendy  converted  into  pan^ieo- 
Hne,  as  shown  by  the  equation: 

2C^«NaN     +     2H^       -       C'«H'*N«     +     2NaH0. 

Ptazapicoline,  obtained  as  above^  is  an  oil  of  specific  gravity  1*077»  «nd  boiling  between 
260^  and  315^.  It  is  insoluble  in  water,  soluble  in  all  proportions  in  alcohol,  ether, 
and  oils,  and  has  a  peculiar  odour  different  from  that  of  picoline,  but  resembling  that 
of  the  bases  obtained  from  bone-oil  at  very  high  temperatures.  It  blues  reddened  litmuii, 
IS  partially  resinised  by  strong  nitric  acid,  and  forms  with  cupric  sulphate  an  emerald- 
green  precipitate^  the  green  s^ution  of  which  in  hydrochloric  acid  contains  a  double 
salt 

^he  salts  of  parapieoline  are  for  the  most  part  unciystallisable.  The  hydrockhraU 
is  a  resin  easily  soluble  in  water. — The  dUoro^auraU  is  yellow,  amorphous,  not  decom- 
posed at  the  boiling  heat— The ptoA>tMm-«a/<  has  the  formula  C"Hi<N*.H*CPJH'^CK— 
MerovHo  chloride  forms  with  the  alcoholic  solution  of  parapieoline  an  abund&bt  curdy 
precipitate^  insoluble  in  water  and  in  alcohol,  easily  soluble  in  hydrochloric  acid. — The 
minUe  remauu  on  evaporation  as  a  syrupy  liquid,  which  slowly  solidifies  to  a  mass  of 
needle-shiq;)ed  ciTStaU. — ^The  sulphaU  is  a  gummy  mass,  easily  soluble  in  water,  less 
soluble  in  aloohoL 


[OnaOBamr.    See  Jaultin  (iii.  438). 

9AMMMJLOOMAMOBMm  A  modification  of  cane-sugar,  C"H*K)",  said  to  be  pro- 
duced under  certain  circumstances  when  a  solution  of  sugar-candy  and  phosphate  of 
ammonium  is  exposed  to  the  air  in  the  summer  season,  between  June  and  September. 
It  is  dystallisable,  and  has  a  greater  dextro-rotatory  power  than  cane-sugar.  (V .  J  o  d  i  n, 
Compt  rend.  liii.  1262 ;  Iv.  720;  Ivii.  434 ;  R^p.  Chim.  app.  iv.  38  ;  BulL  Soc  Chim. 
1868,  p.  93;  1864,  p.  278  ;  Jahresb.  1861,  p.  722;  1862,  p.  472;  1863,  p.  572.) 

VAKASA&XOTA.  Salicylide,  of  Betuoyl,  C^*B}*G'  -  C*H>0*.G«H*0 ;  also 
called  SjpMn.    (See  SALiCTUons.) 

WAMAMTTWMm  C  ha  tin  (Compt.  rend.  Ivii  771)  adduces  several  examples  which 
seem  to  show  that  parasitical  plants  possess  the  power  of  altering  the  juice  of  the  plants 
on  which  they  grow.  Thus  misletoe  ( Viscum  album)  growing  on  the  oak  does  not 
contain  a  trace  of  querdtannic  acid ;  Loranthns  growing  on  Strychnos  is  not  poisonous ; 
Hydnora^  a  parasite  growing  on  African  EuphorHacem^  is  used  as  food ;  Orobanche  does 
not  exhibit  the  narcotic  properties  of  hemp ;  and  the  red  juice  of  Cytinua  is  not  found 
in  the  Cistus  on  which  it  grows.  Chatin  finds  moreover  that  Oytinsa  and  orobanchs 
give  off  carbonic  acid  in  sunshine,  and  hence  concludes  that  phanerogamous  parasites 
which  are  not  green-coloured,  alter  the  juice  of  the  mother-plant.  On  the  other  hand, 
green  perfect  parasites  (  Viaoum),  and  more  or  less  coloured  semi-parasites  {JHelam-' 
pjfrum  arvetue)  decompose  carbonic  acid  like  other  plants. 

CO  ACZD.    See  Sobko  Acid. 

A  zeolite  from  Thyrill  on  the  HvalQordr  in  Iceland,  con- 
taining, according  to  y.  Waltershausen,  61*87  per  cent,  silica,  17*88  alumina,  7*82  lime, 
2*00  soda,  1*78  potash,  and  9-20  water  (»  200),  which  may  be  represented  approxi- 
mately by  the  formuhi  MK).2SiO'  +  HH^ASiO*  +  3HH). 

» V«    See  SuLPHAuiDB. 
iTAMTAMtO  ACZB.    Syn.  with  Kagemic  Acn>. 

Syn.  with  ILLcncAioDB. 


Ethers). 


TAMTBMLXO  ACI».|     ^^  ^^  lUOBMic  Aoro. 

,T ASTRO V2VZC  ACZB.    Syn.  with  Ethtl-jllcsmic  Acid  (see  Bacbicic 


An  acid  isomeric  with  ethyl-sulphuric  acid,  not  known 
in  the  free  state,  but  produced  as  a  barium-salt,  when  a  solution  of  barytic  ethyl-sul- 
phate is  boiled.    The  liquid  then  becomes  turbid  and  acid,  depositing  sulphate  of 
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barium,  and  if  the  deposit  be  remoTfd  and  the  filtrate  saturated  with  carbonate  of 
barium,  a  ciystaUisable  barium-salt  is  obtained  having  the  composition  of  ethylsnlpfaate 
of  barium,  C^H**Ba"SH)',  but  distinguished  fii^m  that  salt  by  not  decomposing  when 
its  aqueous  solution  is  boiled.  When  calcined,  it  swells  up  like  the  isethionate  (iii. 
131),  but  at  the  same  time  giTes  off  Tspours  of  heavy  wine-oil,  takes  fire,  and  then 
bums  quietly.    (Gerhardt,  Compt  Chun.  1845,  p.  176.) 

FABJLTO&mnra  or  ;PASATOXiVOIk  A  hydrocarbon,  isomeric  or  polymeric 
with  toluene  (hydride  of  benzyl,  i  673),  supposed  by  Church  (Chem.  News,  Dec  31, 
1869 ;  Zeitsehr,  Ch.  Pharm.  1860,  p.  Hi)  to  exist  in  light  coal-Ur  oil.  It  boils  at 
119-6°;  toluene  at  103*7^. 

yikmWffiTiTO  AOI]>  or  VASB&XXV.  C^«0«  ?  (Sehunek,  Ann.  Ch.  Pharm. 
liy.  274.)— An  arid  sometimes  obtained,  togetiier  with  leeanorio  acid,  in  the  prepara- 
tion of  the  latter.  The  lichens  may  be  exhausted  with  boiling  water ;  the  solution 
evaporated  to  dryness  after  boiling  for  some  time;  the  residue  digested  in  boiling 
water,  which  dissolTes  the  orsellinio  ether  (p.  236)  produced  by  the  mutual  action  of  the 
alcohol  and  the  lecanoric  acid;  and  the  undissolved  portion  taken  up  by  boiling 
alcohol.  The  alcoholic  solution  on  cooling  deposits  pareUio  acid  in  the  crystalline 
form. 

Parellic  acid  ibrms  colourless  needles,  very  slightly  soluble  in  ooM  water,  soluble  in 
alcohol  and  in  ether;  the  crystals  deposited  by  slow  evaporation  ai«  usually  briUiaat 
and  very  heavy.  The  alooholie  solution  has  a  veiy  bitter  taste,  and  reddens  litmus ; 
water  precipitates  the  parellic  add  from  it  in  the  form  of  a  jelly.  The  crystals  give  off 
6*61  per  cent,  water  at  100°,  and  the  dried  add  yields  by  analysis  60*7 — 61*8  per 
cent,  carbon  and  3*4  hydroaen,  the  formula  CHK)^  requiring  60-7  carbon  and  8*3 
hydrogen.  The  add  is  perhaps  produced  by  the  metamorphosis  of  lecanoric  add ; 
thus: — 

Ci«H«*0»      =      C^«0*     +     CH*0«     +     H«0. 
Lecanoric  Parellic  Orcin. 

acid.  acid. 

Schunok  represented  parellic  add  by  the  formula  C**irO^, 

Parellic  acid  melts  wnen  heated,  and  at  a  higher  temperature  gives  off  an  oil  which 
solidifies  on  cooling;  also  a  sublimate  of  long  needles.  By  prolonged. boilinff  with  water 
it  yields  a  yellow,  bitter,  uncrystallisable  substance.  It  is  not  altered  by  bomng  alcohol. 
It  is  decomposed  by  hot  nitric  acid,  with  evolution  of  nitrous  vapours  and  formation  of 
oxalic  add.  Acetic  acid  dissolves  it  more  easily  than  water.  When  heated  wilJi 
caustic  potash  it  swells  up,  and  is  converted  into  a  gelatinous  mass  which  gradually 
dissolves,  and  the  solution  yields  with  mineral  adds  a  gelatinous  predpitate  of  parellic 
add.  But  if  the  alkaGne  solution  be  previously  boiled,  it  does  not  yield  any  pvedpi- 
tate  on  addition  of  an  acid,  but  after  some  time  deposits  smAU,  shining,  oetabedml 
crystals,  which  mdt  in  boiling  water  before  dissolving;  are  easily  soluble  in  cold  alcohol, 
and  separate  again  on  evaporation ;  they  dissolve  also  in  caustie  baryta,  ibtming  a 
solution  which  depodts  carbonate  of  barium  when  boiled.  JBaryta  and  lime  act  on 
parellic  add  like  potash.  Ammmiia  dissolves  less  of  it  than  jpotash ;  the  solution  when 
evaporated  gives  off  ammonia  and  leaves  crystalline  pareUic  add ;  prolonged  boiling, 
however,  is  attended  with  decompontioB. 

ParelHc  add  decomposes  carbonates^  Its  alcoholic  solution  predpitates  euprie  acetate 
and  neutral  acettUe  of  lead.  It  does  not  precipitate  nitrate  of  suver,  but  on  addition 
of  ammonia,  a  yellowish  predpitnte  is  formed  which  is  reduced  to  the  metallic  state  by 
boiling.  An  aqueous  solution  of  parellic  acid  mixed  with  chloride  of  gold  is  not 
altered  by  boiling;  but  this  salt  is  slowly  reduced  by  a  solution  of  parellic  add  in 
potash. 

PareUateoflarium  obtained  by  treating  the  add  with  baiyta-water,  or  by  double 
decompodtion,  is  a  white  powder  insoluble  in  water.  The  copper-salt  ia  a  yellowish- 
green  predpitate.  The  lead-salt,  C^H^^Pb'O*  (?),  is  precipitated  in  large  quantity  in 
white  flocks  on  mixing  the  alcoholic  solution  of  parelhc  acid  and  neutr^  lead  acetate. 
The  alcoholic  solution  of  parellic  add  also  forms  a  copious  precipitate  with  bade  acetate 
of  lead. 


!•  Crystallised  and  granular  hornblende  of  high  lustre  and  rather  dark 
green  colour,  containing  alumina,  iron,  and  magnesia ;  found  at  Pargas  in  Finland  and 
atPhipsbuigandPanonsfieldintheState  of  Maine.    (See  Hobnblsndi,  iii.  170.> 


An  aU-iiloid  said  by  Winckler  (Buchn.  Repert.  [2]  xlii.  29)  to 
be  contained  in  China  Jaen.  fusca,  a  dnchona-bark  imported  from  Para. 


W.  C«H'»0«?  (Walz,Pharm.C6ntr.  1841,  p.  690;  further  N.Jahresb. 
Pharm.  xiii.  174. — ^D  el  f  fs,  ibid.  Ix.  26.) — A  neutral  substance  extracted  fix)m  the  leaves 
of  Paris  quadrtfolia,  by  exhausting  them  with  water  containing  acetic  acid,  treating 
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the  leridiie  with  alcohol  and  the  alcoholic  extract  with  ether  to  lemoTe  ehlorophyll 
and  &tty  matt0ra»  digesting  the  reaidue,  tofj^ther  with  animal  charooal,  in  alcohol  of 
0-920,  mtering;  removing  the  alcohol  by  distillation,  diying  the  residne,  and  rediasoly- 
ing  it  in  bomng  water.  Paridin  is  then  depoeitod  aft^  a  while  in  thin  diining 
laming^  forming  when  drj  a  coherent  satiny  mass  (Wala) ;  from  cold  dilute  alcohol 
it  ciTStalUses  in  tafts  of  needles  (Delffs).  100  pta.  of  water  disBolve  H  pt  paridin ; 
100  pta.  alcohol  of  94*5  per  cent,  dissolye  2  pts. ;  and  100  pts.  of  ordmaiy  B^nrit 
disaolTe  6  pts.  It  g^ves  on  6*8  per  cent  water  at  100^.  The  dned  substance  containa, 
according  to  L.  Gmtdin,  65*61  per  cent  carbon,  and  776  per  cent  hydrogen,  agreeing 
nearly  with  the  formnla  C*H**0',  which  requires  66*89  per  cent  carbon  and  7*69 
hydio^n.  DetSt  gives  the  formula  C*^"0' ;  Wall  in  his  last  communication  assigns 
to  pandin  the  formula  C"H'*0'*. 

iraridin  is  immediately  coloured  red  br  stzona  sulphuric  or  phosphoric  acid ;  decom- 
posed by  hot  nitric  acid ;  dissolved,  without  odoration,  by  hydrodbloric  acid ;  deoom- 
peeed  by  potash. 

PASZDO&.  C*^**0'. — A  substance  formed  together  with  glucose  by  boiling 
a  solution  of  paridin  in  hydrochloric  acid  with  dilute  alcohol  (Wals)  : 

WJkMSMTWO  AO£D.    The  name  given  by  Thomson  to  the  acid  contained  in 
Panndia  parieHna,  afterwards  shown  to  be  cfaiysophanic  add  (i  968). 

TAMXWTXMm  Thomson's  name  for  the  yellew  colouring  matter  of  Parmdia 
parietina,  which  is  identical  with  usnie  acid  (g.  «.). 

9^^So'ajOXD.\     Syn.  ▼it^i  Sa^mo'aiif or  SiniAGnr  (g.  tf.). 

VAXZS  BXiUa.  This  name  is  sometimes  used  to  designate  pure  Prussian  blue 
(ferric  ferrocyanide),  (ii.  227),  but  has  lately  been  applied  to  a  very  pure  bright  blue 
colour  obtained  by  heating  aniline  with  stannic  chloriae. 

VAXZ8  Tt4iy.    Syn.  with  CAsxan-uja  (i  804). 

PASZ8  MMDm  A  name  sometimes  applied  to  very  finely  divided  and  earefoUy 
prepared  ferric  oxide,  used  for  polishing  optical  glasses,  daguerreotype  plates^  gold  and 
silver  ornaments,  &c 

PAJU0ITB.  Afusaomte. — ^A  mineral  from  the  emerald  mines  of  the  Husso  Valley, 
New  Granada,  consisting  of  the  carbonates  of  cerium,  lanthanum  and  didvmium,  with 
fiuoride  of  cerium  and  <»lcium.  It  is  found  ciystallised  in  elongated  double  six-sided 
pyramids  with  truncated  apex ;  basal  angle  164^  68' ;  pyramidal  angle  120^  34'.  Cleav- 
age basal,  Tery  perfect.  Hardness  —  4*5 ;  specific  gravity  ^  4*36.  It  has  a  vit- 
reous lustre,  pearly  or  resinous  on  the  deavage-faoes,  and  a  brownish-yellow  colour: 
streak  yellowish-white. 

Anaiyaes:  a,  6,  by  Bunsen  (Ann.  Ch.  Pharm.  liii  147). — e  by  H.  Deville  and 
Damour  (BulL  Soc.  Chin^  1864,  ii  839). 

CO*  CeO        BIO       LaO         CaO      MnO       CaP        C«F>       WO 

\ ., f 

a.  28*61  69*44  817       •  .      11-61        . .        2*38    «    lOOOl 

b.  23-64  60*26  816       .  •       10-68        .  .        2*42    »    100 


A    28*48        42*62    9*68    826        2*86    trace    1010        216    trace    «      98*96 

20e) 
The  last  analyns  may  be  pretty  nearly  represented  by  the  formnla  ^Di  /  CK>*.(Ga ;  Ce)F*, 

which  requires  24*61  CO*.  40-27  CeO,  10*44  DiO,  10-44  LaO,  and  14*64  CaF«. 


C"^»*0»«?  (Walt  N.  Jahrb.  Pharm.  xiii.  856.)— A  bitter 
substance  contained,  together  with  paridin,  in  Paris  quadrif olio,  and  prepared  from  the 
mother-Kquor  of  that  substance  by  precipitating  with  tannic  acid,  separating  the  tannic 
acid  from  the  resulting  resinous  precipitate  by  means  of  lead-oxide,  and  purifying  the 
bitter  substance  from  still  adhenns  paridin  by  repeated  solution  in  water,  and  con- 
centration, the  paridin  then  crystallising  out.  Paristyphin  is  thus  obtained  as  an  am« 
orphous  mass,  which  is  resolved  by  boiling  with  water  into  glucose  and  paridin : 

C»H«0'«     +     2H«0       =      C«H«H)'«     +     C^«0«. 

PAXannUA*  See  Lichens  (iii.  587). — Parmelia  oeratophylla  var.  pkyaodea 
also  called  Parmdia  physodea^  contains  two  neutral  substances,  physodin  and  cer- 
atophyllin  (see  Phtsodin). 

and  PAKMlDb-'raxASiOlir  are  colouring  matters  contained 
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in  Parmdui  parietina.    The  latter  ia  chiefljr  chiysophanic  acid,  and  the  former  appears 
to  be  piodurad  from  it. 

VASTKawiO  AOIB*  The  name  ^ven  by  Feretti  to  the  add  which  forms  in 
distilled  chamomile  water  after  long  keepmg.  It  is  said  to  form  a  crystalline  caldam- 
salt       

VAXTIV Oa  The  separation  of  gold  from  silver  by  means  of  nitric  add  (ii.  929, 
932). 

9JkBmXWm  STATB  01>  MSTA&S.    See  Elbctbicttt  (ii  430). 

WAMVM  or  STBA8S.  A  kind  of  glass  nsed  in  the  manafinctore  of  artifidal 
gems.     See  Glass  (ii.  841) ;  also  Ur^a  JHctumary  of  Arts,  &&  (iii  407). 

VABTnrAiOnnL  A  peculiar  sabstanee,  probably  an  alkaloid,  said  by  Wittstein 
(Buchn.  Bepert.  zyiii.  16)  to  exist  in  the  seeds  of  the  paisnep  (Paatinaca  sativa). 

VASTO-sasZM.  C^'H'O'. — ^A  rednons  sabstance  of  unknown  origin,  imported 
from  South  America,  where,  according  to  Boussingault,  it  is  used  by  the  Pasto 
Tni^^Rnw  for  Tarnishing  wood.  It  is  Yisdd  and  capable  of  being  extended  into  very 
tenadous  films,  which  eradnally  harden  without  becoming  brit&e.  It  is  destitute  of 
taste  and  smell,  has  a  vitreous  fracture,  and  is  heavier  than  water.  When  heated  aboro 
100°,  it  becomes  elastic  like  caoutchouc,  takes  fire  and  bums  with  a  smoky  flame. 
Aloohol  and  ether  extract  from  it  a  small  quantity  of  green  redn,  and  leave  a  strongly 
tumefied  mass,  perfectly  soluble  in  caustic  potash.  Oil  of  turpentine  does  not  act  upon 
it;  strong  sulphuric  add  dissolves  it  without  decompodtion.  (Boussingault^  Ann. 
Ch.  Pharm.  Ivi  217.) 

9£LTCMOJnXm  Paekupat  at  PttUeha-pat. — ^The  herb  of  Pogostetnon  PatckouU,  L., 
a  labiate  plant  indigenous  in  the  East  India  Islands^  and  employed,  on  account  of  its 
pungent  ocbur,  like  that  of  Chetiopodium  anthdminticunif  for  preserving  fur  from  the 
attacks  of  insects;  also  in  perfumery.  When  distilled  it  gives  off  about  2  per  cent  of 
volatile  oiL    It  also  contains  tannin  and  a  green  odorous  redn. 

The  volatile  oil  of  patchouli  is  brownish-yellow,  somewhat  visdd  like  olive^il,  has  a 
spedflc  gravity  of  0*9564  at  15*5^,  and  yields  at  257^  a  hydrocarbon  resembling  oil  of 
cubebs ;  the  portion  which  boils  at  a  higher  temperature  contains  the  blue  substance 
called  OGBmlein  (see  Oils,  Volatilb,  p.  186).  for  the  refractive  power  of  patchouli- 
oil,  see  the  table,  p.  186. 

VATSVA.  Antike  patina.  Patina  antique,  or  Patina  twr^.— These  names  ar» 
applied  to  the  hard  green  or  blue-green  depodt  of  cnpric  carbonate,  having  the  com- 

podtion  of  malachite  (Cu*C01HK))  which  forma  on  oopper  or  bronze  that  has  been 
exposed  to  moist  air  for  a  long  time,  or  has  lain  for  years  underground.  It  is  imitated 
artificially  by  wetting  the  surikoe  of  the  metal  witii  dilute  solutions  of  acetic  add, 
nitrate  of  oopper,  sal-ammoniac,  salt  of  sonel,  &c.,  and  expodns  it  to  the  air.  Hiat 
the  depodt  may  have  the  re^uidte  hardness,  it  must  be  formed  uowly,  and  hence  it  is 
necessazy  to  use  dilute  solutions.    (See  Handworierbuch  d,  Ckemu,  vi  100.) 

Syn.  with  AciouLin. 

A  variety  of  hypersthene  from  the  island  of  St  Paul,  on  the  coast  of 
Labrador.  Spedfic  gravity  8*389.  Contains  61*36  per  cent  silica,  0-37  alumina, 
21*81  magnesia,  21*27  ferrous  oxide,  1*32  manganous  oxide,  and  3*09  lime  (*  98*72). 
(D amour,  Ajiil  Min.  [4]  v.  147.) 

VA.inbO'VnRA  TMWWMXMXKMm  A  colouring  matter  has  been  obtained  from 
the  capsules  of  this  plant  by  Belhomme  (Compt  rend.  xlviL  214) ;  bat  no  particulars 
have  been  published  respecting  it 

PAVnrXW*  Fraxetin  (ii.  707). — According  to  recent  experiments  byKochleder 
(J.  pr.  Chem.  xc.  438),  this  substaooe,  produced  by  the  decompodtion  of  paviin  from 
norsechestnut  bark  (irid.  i^f.),  has  the  composition  C'H'O*.  It  has  a  lemon-yeUow 
colour,  becomes  straw-yellow  at  120*^,  and  is  converted  by  sublimation  at  200^  into  a 
mass  of  woolly  crystals.    It  has  an  add  reaction  and  combines  with  bases. 

VAVmr.  Ftaxin  (ii.  708). — This  substance  is  contained  in  that  portion  of  the 
predpitate  fbrmed  bv  neutral  acetate  of  lead  in  the  aqueous  decoction  of  norsecheetnut 
baik,  which  is  soluble  in  water  containing  acetic  add.  Its  compodtion,  as  determined 
by  anal^ds,  is  C"H»*0*«  -  4C»*H»K)»*  HW.  When  heated  in  a  stream  of  carbonic 
anhydride  to  160^  it  becomes  anhydrous  (more  quickly  at  200^),  and  ha«  then  the 
composition  CH^'O'*.  Paviin  at  117^  is  pale-yellow,  amorphous,  easily  fHable  and 
still  contains  water ;  it  melts  at  190^.  When  recrystallised  from  hot  alcohol  it  is  pui« 
white  and  gives  off  its  water  between  110^  and  113^.  By  boiling  with  dilute  adds,  it 
is  resolved  into  g|luoose  and  pavietin  or  fraxetin,  according  to  the  equation : 

C"H»0'«     +     H«0       =      C'»H»0*     +     C«H"0« 


Fat 

Water 

pw  ecDt* 

percent. 

101 

15*4a 

•     ■ 

13-60 

1-64 

16-60 

1-04 

16-40 
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•ooordiiig  to  which,  100  pts.  paTiin  shoold  yield  56*5  pUu  paTietin ;  the  quantity  found 
was  55*2.    (Bochleder,  loc.  cit) 

WMAm  PUum  saHtmm, — ^The  compoeition  of  the  seed  and  itnw  of  this  plant  has 
been  investigated  by  seyeral  chenuBte. 

The  following  determinationB  of  the  nitrogen,  iat^  aah,  and  water  in  fresh  pea-seeds 

are  by  Ward  and  Eggar,  made  under  Way's  direction  (Agr.  Soe.  J.  toL  z.  pt.  2; 

Jahzesb.  1849,  p.  708) : 

Nitrogen 
per  eMit* 

White  or  garden  peas,  grown  on  day  soil  .  .  8*57 

White  or  garden  peas,  grown  on  sandy  soil  •  •  .        2'97 

Grey  or  field  peas,  grown  on  clay  soil    .  .  .  .         8*47 

Grey  or  field  peas^  grown  on  sandy  soil  .  8'28 

Poggiale  (J.  Fhann.  [81  zxx.  180,  255;  Jahresb.  1856,  p.  808)  fbund  in  common 
green  peas,  dned  and  shelled,  57*7  per  cent  starch,  dextrin  and  sugar,  21*7  nitrogenous 
substance  (legumin),  1*9  £Ettty  matter,  2-8  ash-constitaents,  3*2  oeUnlose,  and  12-7 
water. 

W.  Mayer  (Ann.  Ch.  Pharm.  ci  129;  Jahresb.  1857,  p.  687)  has  made  the 

following  determinations  of  the  water,  phosphoric  anhydride,  nitrogen  and  ash  in 

garden  and  field  peas : 

Air-drled.  Dried  fabrtanee. 

H<0.  pso».  N.           Aih. 
Selected  peas  from  the  garden  of  the  AgEienltaral 

Society  at  Munich 958  1458  4*87        846 

Bohemian  field  peas 8-99  1-408  4-81 

Field  peas  from   Sehleisaheim,   Upper  Bataxia 

(calcareous  soil) 13-62  1-025  4*25        2*91 

The  shellB  of  peas  weigh  from  0-8  to  1  per  cent  as  much  as  the  seed.  The  weight 
of  straw  is  about  2*7  times  as  much  as  that  of  the  seed,  or  27  pts.  seed  to  78  pts.  straw 
in  100  pts.  of  total  weight  (Sch  wers).  100  pts.  of  pea-straw  contain  12  pts.  nitrogen- 
ous matter,  21-9  matter  soluble  in  potash,  47*5  per  cent  non-asotised  matter  insoluble 
therein,  6*0  ash,  and  12-0  water. 

Way  and  Ogston  (Agr.  Soc.  J.  toL  ▼ii.pt  2;  Jahresb.  1849,  p.  672)  found  in 
peas  of  various  kinds  (aiindried)  from  13*6  to  17*5  per  cent  water;  and  the  peas  dried 
at  100°  were  found  to  contain  0-25  to  0*372  per  cent  sulphur,  and  2-39  to  2-68  pec 
cent  ash. 

In  the  straw  of  sarden-peas  (air-dried)  the  same  chemists  fbund  15*38  to  15*64  per 
cent  water;  that  of  white  peas  dried  at  100^,  yielded  8*92  to  9-40  per  cent  sah ;  that 
of  {grey  peas  6*5  to  7'5  per  cent. 

The  composition  of  the  ash  of  peas  and  pea-straw,  as  determined  by  Way  and  Ogston, 
is  given  in  the  table,  p.  359. 

The  ash  of  pea-straw  has  also  been  analysed  by  Hertwig^  with  the  foUowiog 
results: 

0.  Pea-straw  from  Dudecstadt ;  5.  from  Thuingen. 


Carbonate  of  Potassium    , 

:   til  *•» 

Magnesia 

40 

1-4 

CSarbonate  of  Sodium 

Phosphate  of  Calcium 

5-1 

11 

Sulphate  of  Potassium 

10-7    12-0 

Phosphate  of  Magnesium . 

4-4 

7*8 

Chloride  of  Sodium 

4-6      8-7 

'P«ma    ^.nA   Aluminic 

• 

Silica       .        .        .        . 

7*8     15-5 

Phosphates 

2-1 

3-6 

Carbonate  of  Calcium 

47*8    49-7 

98-9 

991 

For  numerous  other  analyses  of  the  ash  of  peas  and  pea-straw,  made  chiefly  at  the  in- 
stigation  of  the  Prussian  Agricultural  College,  see  Liebig  andKopp's  Jahrabericht, 
i.  1074,  Table  A.  Nos.  5,  6,  7,  8,  10, 11 ;  and  ii.  656,  Table  B»  Nos.  l-~82. 

]pmAOB.    See  Fbuit  (ii.  716). 

raJLOOCX  oavra&  osa.    Syn.  with  Pusna  Co?FHB.    (See  Corns,  Sul- 

PEZDBS  OF,  ii  78.) 

VXAXXi*  A  highly  prized  spherical  concretion  found  within  the  shell  of  the  pearl- 
oyster.  These  molluscs  are  subject  to  a  kind  of  duwase,  caused  by  the  introduction  of 
foreign  bodies  within  their  sheUs.  In  this  case  the  inner  layer  of  the  shell,  the  mother- 
of-pearl  (p.  322),  instead  of  being  spread  in  thin  layers  on  the  inside  of  the  shell, 
accumulates  round  these  particles  in  concentric  layers,  forming  pearis.  These  concre- 
tions consist  of  carbonate  of  calcium  interstratified  with  cellular  membrane.  They  have 
a  bluish-whito  colour,  with  considerable  lustre  and  iridescence.  The  most  valuable 
pearl  fisheries  are  on  the  coast  of  Ceylon,  and  at  Olmutz  in  the  Persian  GuH. 
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360  PEARLASII— PEAT. 

yilBT«^IIBlff  Partially  purified  carbouite  of  potasfdimii  prepared  horn  the  ashes 
of  plants  (see  Cakbon^tbs,  i.  790). 

iCJL.    SyxL  with  MABOiBm. 

or  Fevriie. — ^A  yarietj  of  opal  oocnmng  in  the  cavities  of 
▼olcanic  tufa  (see  Opal,  p.  204). 

THAWTi-BFABi  This  name  is  applied  to  rfaombohedral  ciystallisations  of  dolomite 
(magnesio-ealcic  carbonate)  having  curved  faces  and  a  pearly  lustre ;  when  the  crystals 
are  not  curred,  and  have  a  brown  or  reddish-brown  colour,  mey  are  called  brown  sp(zr: 
the  latter  variety  contains  from  6  to  10  per  cent,  oxide  of  iron  or  manganese. 

nAJtXv-BTOVB.    A  felspathic  mineral,  having  a  pearly  lustre,  occurring  in 

Sherules  or  spheroidal  concretions.    Specific  gravity  2*3  to  2*4.    A  specimen  from 
ungary  analysed  by  Erdmann  gave  72*87  per  cent  silica,  12*06  alumina,  l*76fenie 
oxide,  1*30  lime,  1*10  magnesia,  6*13  potash  and  soda,  and  S'OO  water  (»  98*20). 

WMikBTOWB  or  PISO&ZTB.  A  calcareous  rock  consisting  of  spherical  grains 
like  oolite,  but  differing  therefrom  by  the  larger  size  of  its  particles,  which  are  composed 
of  concentric  laminte. 


Tor/;  Tbttrdtf.— This  product  of  the  natural  alteration  of  plant*tissues  is 
of  frequent  occurrence  in  places  where  the  presence  of  stagnant  water  or  a  vezy  humid 
atmosphere  and  certain  ouier  conditions  have  favoured  the  growth  of  mosses  and  marsh 
plants,  together  with  certain  kinds  of  grass,  heath,  &c  The  remains  of  these  plants, 
(pradually  accumulated  and  chemically  altered  to  a  greater  or  less  extent,  often  consti- 
tute beds  of  considerable  extent,  varying  in  thickness  ttom  a  few  inches  to  many  feet. 

There  are  many  kinds  of  peat,  presenting  very  great  diversity  in  their  texture,  colour, 
and  most  other  characters ;  some  varieties  consist  almost  entirely  of  withered  remains 
of  plants  which  have  undeigone  but  little  alteration  except  mechanically ;  in  other  varie- 
ties the  organised  structure  of  the  plant  remains  more  or  less  distinctly  recognisable, 
and  in  other  kinds  there  is  no  obvious  indication  of  plant-structure  remaining.  Peat 
of  the  former  kind  is  generally  of  a  pale  jellowish-brown  colour,  very  bulky  and  re- 
tentive of  water ;  when  dried  it  is  very  hght  and  spon^,  somewhat  resembling  com- 
pressed hay,  and  its  specific  gravity  is  often  as  low  as  0*25.  Peat  of  the  latter  kind, 
on  the  oontraiy,  is  either  black  or  dark  brown,  and  in  its  natural  state  has  a  clayey 
consistency  without  any  fibre,  so  that  it  can  sometimes  be  wrought  into  tiles  or  pipes 
fbr  draining  purposes ;  when  such  peat  is  dried,  it  shrinks  considerably,  and  becomes 
denser  than  water,  very  good  kinds  having  sometimes  a  specific  gravity  of  1*25.  Be- 
tween these  two  extremes  numerous  intermediate  kinds  of  peat  are  met  with.  In  the 
natural  state,  peat  is  always  mechanically  mixed  with  a  veir  large  proportion  of  water, 
varying  from  eighty  to  upwards  of  ninety  per  cent,  by  weight,  the  fibrous  kinds  always 
oontaining  the  largest  amount  of  water.  When  the  water  is  separated  by  drying  the 
peat  in  thii)  slices  in  the  air,  a  quantity  still  remains  which  is  not  separable  by  air- 
drying,  and  aipounting  generally  to  15  or  30  per  cent,  of  the  air-dried  material 

The  large  amount  of  water  mixed  with  peat  in  its  natural  state  is  the  most  serious 
obstacle  to  the  useful  application  of  this  material  upon  any  extensive  scale,  as  fuel  and 
for  other  purposes,  for  the  practical  difiiculties  of  separating  this  water  by  air-drying 
rapidly  increase  in  proportion  to  the  extent  upon  which  the  peat  is  collected.  The  hygro- 
scopic water  still  remaining  in  air- dried  peat  is  also  highly  prejadicial  to  its  ut3ity 
as  nieL  Hence  it  is  that  wherever  coal  can  be  obtained  at  a  moderate  cost,  not  ex- 
eeeding  ten  shillings  per  ton,  it  is  impossible  to  use  peat  as  fuel  with  advantage,  and 
it  may  be  preferable  to  use  ooal  even  where  it  costs  as  much  as  twenty  shillings  per 
ton,  when  the  peat  is  fiur  distant  from  the  place  where  fdel  is  required,  inasmuch  as 
the  carriage  of  peat,  which  has  a  much  smaller  fuel-value  than  coal,  will  often  make  its 
cost  equal  to  that  of  an  equivalent  quantify  of  coaL    (See  Fubl,  ii  723.) 

The  composition  of  dry  peat  presents  differences  as  great  as  those  existing  between 
the  several  kinds  in  other  respects. 

The  amount  of  ash  in  peat  is  very  variable,  as  will  be  seen  from  the  following  table, 
and  there  are  equally  ^at  differences  in  the  composition  of  these  ashes.  It  is  very 
rarely  that  the  composition  of  peat-ash  is  such  as  to  admit  of  the  opinion  that  it  repre- 
sents merely  the  mineral  constituents  of  the  plants  from  whose  remains  the  peat  has  been 
formed.  ]!n  most  cases  a  large  portion  of  this  ash  is  referrible  either  to  mere  me- 
chanical admixture  of  earth,  or  to  the  deposition  of  mineral  substances  from  water 
permeating  the  peat,  and  consequently  the  composition  of  the  ash  is  much  influenced  by 
the  nature  of  the  prevailing  rocks  in  the  neighbourhood  of  peat-deposits,  or  such  parts 
of  those  rocks  as  are  carriM  away  either  mechanically  or  chemically  by  the  action  of 
water.  The  permeation  of  peat  by  water  probably  exercises  a  further  influence  in 
altering  the  composition  of  its  mineral  or  ash  constituents,  by  abstracting  certain  sub- 
■tanceSf  in  virtue  either  of  a  kind  of  dialysis  or  of  chemical  reaction.    Such  being  the 
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case,  the  compositioii  of  peat-ashes  and  the  natnxe  of  the  changes  they  hare  undergone 
would  be  determined  mainly  by  local  conditions,  and  in  this  way  the  great  diversity  of 
composition  which  is  found  to  exist  may  be  to  some  extent  accounted  for. 

When  air-dried  peat  is  exposed  to  a  temperature  of  100^  C,  it  generally  loses  from 
16  to  30  per  cent  of  its  weight,  consisting  chiefly  of  hygroscopic  water;  but  according 
toMarsilly,  some  decomposition  takes  place  even  at  thnt  t^'mperature,  andTolatiJe 
products  oontainine  carbon  and  hydrogen  are  CTolved  in  bmali  quantity.  At  higher 
temperatures  peat  is  entirely  decomposed,  yielding  the  ordinary  products  of  dry  or  de- 
structiye  distillation,  viz.  gas,  tar,  a  watery  liquid,  and  a  carbonaceous  residue.  These 
products  and  their  constituents  are,  in  their  general  character,  intermediate  between 
the  analogous  products  obtained  under  similar  conditions  from  wood  and  from  bitu- 
minous minerals,  their  relative  amount,  chemical  nature,  &c.,  being  dependent  upon 
the  temperature  at  which  the  decomposition  takes  place,  as  in  all  other  cases  of  destruc- 
tive distillation.  The  several  products  of  the  distillation  of  peat  also  vary  to  some 
extent  both  in  quantity  and  quality  according  as  the  peat  approximates  more,  on  the 
one  hand,  to  unaltered  wood,  or  on  the  other  hand  to  coal,  just  in  the  same  manner  as 
there  are  similar  differences  of  degree  between  the  products  of  different  bituminous 
minerals. 

CoxposmoM  or  Pbat. 


t*          t  A 

Water 

Perceutage  oompoeltloa  of  peat  dried  at  lOQP  C. 

Specific 

lo 

grafUy. 

air-dri«d 
peat. 

Carbon. 

drogen. 

Oxygen. 

NUro- 
gao. 

Atb. 

Authority. 

Gappoge     . 
Kilbeggan . 

.      . 

.     . 

6106 

6-86 

39-66 

2-66 

Kane 

.      f 

.     • 

61-04 

6-67 

30-46 

1-83 

Kilbaba 

.      . 

•     . 

6113 

6-33 

34-48 

8-06 

Phillipstown 

1 

0-406 

.     • 

68-69 

6-97 

32-88 

1-46 

1-99 

Sullivan 

0-669 

.     . 

60-48 

610 

32-66 

0-88 

8-30 

and  Gages 

0-336 

•     . 

69-92 

6-61 

32-22 

1-26 

2-74 

•• 

Wood  of  Allen    • 

0-639 
to 

\' 

61-02 

6-77 

32-40 

0-81 

7-90 

WW 

91 

i 

0-672 

i 

If 

Devon 

0-860 

26-66 

6402 

6-21 

28-17 

2-80 

9-73 

Vaux 

Island  of  Lews   • 

1-130 

23-20 

6000 

6-90 

30-00 

1-30 

1-90 

Paul 

Br^les 

0 

2-17 

46-80 

6-66 

4116 

6-40 

Marsilly  ' 

314 

47-48 

716 

36-06 

9-00 

«« 

Th&y         .         1 

3-07 

60-67 

6-76 

36-96  1     1-92 

6-70 

ff 

7-20 

43-66 

6-79 

36-66 

1400 

t« 

Bourdon     . 

6-66 

47-69 

6-01 

39-30 

7-00 

Camon 

6-69 

4611 

699 

36-97 1     2-63 

9-40 

a% 

Kiemencourt 

1-81 

12-99 

2-22 

19-31 

66-01 

If 

Vulcaire     . 

•    • 

6703 

6-63 

29-67       2-09 

6-68 

Regnault 

LoBg 

•    • 

6809 

6-93 

31-37 

4-61 

•t 

Framont    . 

•    • 

67-79 

6-11 

80-77 

6-33 

^w 
ft 

Friesland   . 

1 

•  • 

•  • 

6716 
69-86 

6-66 
6-62 

83-39 
33-71 

3-80 
0-91 

9W 

Mulder 

It 

Holland     • 

.    • 

60-86 

4-66 

30-26 

14-26 

WW 

yf 

16-70 

6216 

6-29 

27-20      1-66 

2-70 

Wall 

Steinwenden 

1600 

67-60 

6-90 

31-81      1-76 

2-04 

■t 

Niedermoor 

1700 

47-90 

-80 

42-80 

3-50 

( 

16-70 

60-13 

4-20 

81-44 

8-92 

Baer 

Fknssiaii     •        •< 

to 

( 

21-70 

6601 

6-36 

86-24 

11-17 

tf 

^      ,                  f 

17-68 

66-43 

6-32 

88-86 

9-86 

Jaekel 

Havel        .         < 

19-32 

63-61 

6-90 

40-69 

6-60 

•fl 

I 

18-89 

63-31 

6-81 

41-88 

6-80 

•• 

Linum 

31-34 

69-48 

6-26 

86-31 

11-99 

WW 

Hambuig   . 

18-88 

67-20 

6-82 

37-66 

2-31 

9W 
$f 

Bremen     .          ] 

.    • 

67-84 

696 

82-76 

0-96 

2-60 

Breaninger 

.    • 

67-03 

6-66 

8416 

1-67 

1-67 

ft 

Schopfloch . 

2000 

63-69 

6-60 

80-82 

2-71 

8-10 

Kesslerandl 

Sindelfingen        | 

18-00 

46-44 

6-28 

26-21 

1-46 

21-60 

Petenen 

1800 

38-72 

4-24 

26*89 

0-88 

30-60 

a. 

( 

11-77 

46-76 

3-67 

26  87 

0-67 

0-89 

mm 

Baden         .        i 

•    • 

to 

rff 

I 

18-66 

60-79 

7-10 

49-01 

6-33 

14-76 

•t 
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Dutch. 

Scotch. 

rican. 

Bur 

varUuu 

IrUh. 

Aathority. 

Anderson. 

Johnson. 

Wagn«r. 

Sulllran  and  Gag&t. 

Soda.        .        . 
Potash 
Magnesia  . 
Lime 

Alamina    . 
Ferric  oxide 
Phosohoric  acid . 

1-1 
1-2 
4-5 
11-7 
2-9 
6-3 

10 
0-7 
0-4 
1-2 

80-7 

0-4 

•         • 

1-3 

1-8 

12-5 

0-6 
0-7 
60 
40-5 
.     • 
5-1 
0-5 
6-6 
01 
8-2 

31-7 

0-8 
4-9 

85-6 
•  • 
9-1 
0-7 

10-4 
0-4 
1-4 

87-8 

0-3 

0-7 

0-9 

11-2 

28-4 

4-5 

0-9 

2-6 

trace 

12-3 

1-0 

87-2 

0-679 

0-347 

1-256 
45-581 

0129 
15-974 

0188 

44-371 

HCI  0-337 

1-043 
16-120 

2*653 

i-427 
0-362 
3-392 

26-113 
4-180 

11-591 
1-461 

12-403 
1-568 
0-980 

13-695 

22-519 

Salphuric  acid    . 
Chlonne     • 
Silica 

Carbonic  acid     . 
Sand,  day,  &c.   . 

9-7 
1-5 
9-8 

51-5 

5-5 

•  • 

•  • 

60-6 

2-0 

01 

81-6 

«    • 
■    • 

99-678 

99-691 

Tbe  ehemical  nature  of  the  chanffe  by  which  peat  has  been  produced  fix>m  plant-re- 
mains is  probably  yery  similar  to  that  by  which  bitnminous  mineials  have  been  formed 
from  analogous  materials.  It  consists  chiefly  in  elimination  of  oxygen  and  hydrogen 
in  the  proportion  to  form  water,  also  of  oxy^;en  and  carbon  in  the  proportion  to  form 
carbonic  acid,  and  of  hydrogen  and  carbon  in  the  proportion  to  form  marsh  gas  and 
perh^s  other  hydrocarDons,  the  main  feature  of  this  change  being  the  increase  in  the 
amount  of  carbon  in  the  residual  substance.  Hence  the  composition  of  difEbrent  kinds 
of  peat  varies  in  proportion  to  the  extent  to  which  this  alteration  may  have  adTanced« 
and  peat  which  has  been  little  altered  will  possess  a  oompoeition  more  or  less  approxi- 
mating to  that  of  ligneous  tissue  or  of  wood,  while  those  kinds  which  have  undragone 
oreater  idteration  will  possess  a  composition  approximating  more  to  that  of  coid,  or 
fignite,  or  other  bitununous  minerals,  according  to  the  conditions  under  which  this 
change  has  taken  place.  The  physicsl  characters  of  peat^  such  as  texture,  colour,  den- 
sity, ^c,  also  bear  a  similar  relation  to  the  degree  of  diemical  alteration  whidi  has 
been  reached,  the  fibrous,  light  coloured,  spon^  kinds  being  most  similar  to  wood  ia 
composition  as  well  as  most  imlike  coal  or  ugmte,  &e.,  while  on  the  contrary  the  com- 
pact, dark  coloured,  dense  varieties  of  peat  often  resemble  lignite  and  some  kinds  of 
coal  in  composition  as  well  as  in  their  physical  charactera.  It  is  indeed  probable  that 
peat  may  be  reearded  as  a  sort  of  intermediate  product  of  the  same  general  mode  of 
alteration  by  which  coal  and  other  bituminous  minerals  have  been  formed,  and  that  if 
deposits  of  peat  were  placed  under  conditions  such  as  those  in  which  coal,  &c,  have 
been  produced,  the  peat  might  in  process  of  time  become  converted  into  ooaL 

B.  H.P. 


A  fermentative  substance  fxiwting  in  fruits,  and  having  the  property 
of  converting  pectin  into  pectic^  parapectic^  and  metapectic  adds.  It  has  not  been 
obtained  in  the  pure  state.    (See  p.  362.) 


vacT] 


1 


See  Pbctovs  SuBSTUfcau  (p.  362). 


Oamdite,^-A  hydrated  siHeate  of  calcium  and  sodium,  occurring 
in  aggregated  adcular  monoclinic  crystals,  having  nearly  the  same  ansles  as  woUas- 
tonite,  and  cleaving  perfectly  parallel  to  the  orthodiagonal.  Twins,  parallel  to  odPoo  ,  are 
of  frequent  occurrence.  It  also  occurs  fibrous,  massive,  radiated  or  stellar.  Hardness 
«>  5.  Specific  gravity  »  2*68 — 2*74.  Colour  whitish  or  greyish,  with  aJkj  or  sub- 
vitreous  lustre  on  the  fractured  surfiMe ;  subtranslucent  to  opaque.  Tough  like  dys- 
dasite.  Melts  before  the  blowpipe  to  a  translucent  glass.  Decomposed  bv  hydrochloric 
acid,  with  separation  of  flocculent  silica ;  gelatinises  if  previously  ignited. 

Analyse$, — a.  Erom  Monte  Baldo  in  Upper  Italy  (v.  Kobell,  Kastn.  Arch.  xiii. 
385 ;  xiv.  341).— ^.  Lde  Boyal,  Lake  Superior  (Whitney,  SilL  Am.  J.  [2]  vii.  434). 
— e.  Taliskcr,  Isleof  Skye;  specific  gravity  2784  (Heddle,  PhiL  Mag.  mix.  248).— 
d.  Castle  Hill,  Edinbuigh,  associated  with  wollaistonite  and  prehnite  (Meddle  and 
Greg,  ^.  a&).— e.  Ejiwskdolian  Hill  near  BallantrBi  Ayrshire ;  specific  gravity  2-778 
(Heddle  and  Greg).—/.  Beigen  Hill,  New  Jersey;  mean  of  three  doee^ agreeing 
analyses  (W  hi  t n  ey,  Sill.  Am.  J.  [2]  xxix.  205).— 0.  Langban's  iron-mine  in  Wermlan^ 
Sweden ;  in  fibres  like  asbestos,  bulmore  compact  (Igelstrom,  J.  pr.  Chem.  IxxxL  396). 


SiHea 
AlTimina   . 
Lime 

FezTDiis  oxide 
Manganons  oxide 
Soda 

Potuh      . 
Water      . 


t 


PECTOUS  SUBSTANCES.  368 

«.             b.               e.              d.              e.  /•             g. 

61-80       63*46      63-82       6306       68-24  64*62      62*24 

0-90        4-94         2-78*      0-76         1*00 

83*77       31-21      29-88      88'48      82-22  8294      83-83 


109        1-76 


8-26        7-37        9-66        9-98        9*67        8-96  (      ^,f.. 

1*67 \      ^^^^ 

8'89         272         8-76         813         8*60        2-39|       8*70 


99-69       99-69       9974     100*40       99*63     10000     10000 
These  analyBes  maj  be  nearly  represeDted  by  the  fonuida  (Na'0.2SiO*}.4(Ca''0  JSiO*). 

H»0  or  (NaHCa^)8i«0»  op  j^^{^« { 0»,  lequiring  6487  per  cent.  eUica,  3-25  lime, 

9-20  soda,  and  2*68  water.    From  Uie  last  analysis  Igelstrom  dedaces  the  foimula 
8(2MH).8SiO«).Ca''H«0«. 


r 


PSOTOSIO  AOIB.I    See  PicTOvs  SvBOTAirGUL 


wmavovm  sraSTAVCas.  Peetm,  Peetieadd,  Pwtose,  &e.  (Vauqnelin, 
Ann.  Ghim.  r.  100;  li  282;  Ann.  Ch.  Fhys.  [2]  xli  46.— Br  aeon  not,  Ann.  Ch. 
Phys.  [2]  xxriii.  173;  xxx.  96;  xlyii  266;  Ixxii!  433.— Qnibonrt^  J.  Chim.  mM.  i 
27. — ^Mnlder,  J.  pr.  Chem.  xiv.  277  ;  xvi.  246. — ^Fr^my,  Ann.  Ch.  Phys.  [3]  xxir.  9. 
--Sonbeiran,  J.  Phanu.  [3]  xi.  417. — ^Poumar^de  and  Fignier,  J.  Plkaim.  [3] 
xi.  468;  xii.  81. — Chodnew,  Ann.  Ch.  Pharm.  IL  366.— Fr.  John,  N.  Br  Arch.  xIt. 
24,  129. — Qm.  xr.  392.— Gerh.  ii.  684). — ^The  pulp  of  fleshy  fruits  in  the  nnripe  state, 
also  fleshy  roots  and  other  vegetable  oigans,  contain  a  substance  called  peetose,  which 
b  insoluble  in  water,  bat  under  the  influence  of  acids  and  other  reagents,  is  transformed 
into  a  soluble  substance,  pectin,  identical  with  that  which  exists  in  ripe  fruits  and 
imparts  to  their  juice  the  property  of  gelatinising  when  boiled. 

Peetose  almost  always  accompanies  cellulose  in  the  tissue  of  plants,  but  as  it  is  in- 
soluble in  water,  alcohol  and  etner,  and  is  moreoTer  decomposed  or  altered  by  most 
reagents,  it  has  not  yet  been  isolated.  It  is  this  substance  which  gires  the  hardness  to 
unripe  fruits.  It  is  probably  isomeric  with  cellulose,  or  diflers  from  it  only  by  the 
eLsments  of  water. 

Pectin  does  not  exist  ready  formed  in  fruits^  excepting  when  they  are  yeiy  ripe.  I4 
IB  formed  in  fruits  from  peetose  under  the  influence  of  heat,  its  formation  being  then 
due  to  the  action  of  citric  and  maHe  aeidB.  The  juice  expressed  from  an  unripe  apple 
does  not  contain  a  trace  of  pectin,  but  if  it  be  boiled  for  a  few  minutes  with  the  pulp 
of  the  fruit,  pectin  soon  appears  and  piBB  to  the  liquid  the  peculiar  risoosity  which 
characterises  the  juice  of  all  boiled  fruits. 

Pectin  may  also  be  fomed  by  boiling  the  pulp  of  canots  or  turnips  with  a  slightly  add 
liquid. 

Under  the  influence  of  adds  or  alkalis,  pectin  is  gradually  modifled,  and  ultimately 
transformed  into  a  strongly  add  compound  called  metapectio  acid,  passing  howeyer 
throng  a  series  of  intermediate  modifications  called  by  Fr^my,  parapectin,  meta- 
pectm,  pectosic  acid,  pectic  acid,  and  parapectic  acid.  The  composition  of 
these  bodies  cannot  be  reguded  as  definitely  established,  as  they  are  unciystallisable, 
and  it  is  rerj  difficult  to  free  them  completely  from  mineral  substances.  It  is  probable 
however  that  they  are  either  isomeric  modifications  of  the  same  chemical  compound,  or 
else  differ  from  one  another  only  by  the  elements  of  water. 

Pectin  undergoes  transformation  not  only  when  subjected  to  the  action  of  the  above- 
mentioned  chemical  reagents,  but  also  in  the  Uving  pUmt  According  to  Fr^my,  all 
vegetal  tissues  which  contain  peetose  (the  primary  material  from  which  pectin  is 
formed),  contain  also  a  kind  of  ferment  called  pectase,  comparable  in  its  mode  of 
action  to  the  diastase  of  germinating  barley  and  the  emulsin  of  bitter  almonds.  It  is 
an  uncryirtaUisable  substance,  which  may  be  obtained  by  predpitating  the  juice  of  fresh 
sarrots  with  alcobel.  The  pectase  whid^  was  previously  soluUe  then  becomes  insoluble 
in  water,  without  however  lonngits  power  of  acting  on  pectous  substanees.  When  in- 
troduced into  a  solution  of  pectin,  it  quickly  converts  that  body  into  a  gelatinous  product* 
insoluble  in  cold  water;  this  transformation  takes  place  in  water  at  Uie  temperature  of 
about  40^.    Pectase  immersed  in  water  for  two  or  three  days,  is  decomposed,  becomes 

*  Wkh  fisrrie  oslde  and  OMgnatUu 

•  f  By  loM,    A  dirwt  detemioatioii  of  the  water  in  th«  mloeral  dried  et  80°  gave  S*75-S'<W  per  tea!U 
t  Bj  diflereoM. 
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coTeced  with  mould,  and  u  then  no  longer  a^ble  of  acting  as  a  pectona  ferment ;  ita 
fermentatiTe  action  is  likewise  paralysed  by  prolonged  ebnlHtion. 

Pectase  exists  in  the  vegetal  organism  sometimes  in  the  solable,  sometimes  in  the 
insoluble  state.  Boots  like  carrots  and  beet-root  contain  soluble  pectase;  their  juice 
in  fact  induces  the  pectous  fermentation,  whereas  the  juice  of  apples  and  other  acid 
firaits  has  no  action  \ip6n  pectin.  In  these  fruits,  the  pectase  is  associated  with  the 
insoluble  portion  of  the  pulp,  so  that  when  the  pulp  of  unripe  apples  is  introduced  into 
a  solution  of  pectin,  this  solution  quickly  becomes  gelatinous,  m  consequence  of  the 
conversion  of  the  pectin  into  pectosic  and  pectous  acids.  Soluble  pectase,  as  already 
observed,  may  be  rendered  insoluble  by  precipitation  with  alcohoL 

When  a  fruit,  such  as  a  pear,  apple,  or  plum,  is  heated  in  contact  with  water,  it  ex- 
periences, according  to  F r  em y ,  the  following  changes.  The  acid  contained  in  it,  which 
18  usually  a  mixture  of  malic  and  citric  acids,  first  acts  upon  the  pectose  and  converts 
it  into  pectin,  part  of  which  remains  in  the  juice,  rendering  it  viscous  and  masking  the 
acidity  of  the  fruit.  In  the  next  place  the  pectase,  acting  upon  the  pectin,  prodaces 
a  certain  quantity  of  pectosic  acid  which  gelatinises  on  cooling.  If  the  action  of  the 
pectase  be  prolonged,  the  pectosic  add  may  be  changed  into  pectic  acid.  If  the  fruit 
IS  rapidly  heated,  the  pectase  likewise  coagulates,  loses  its  activitv,  and  no  longer  acta 
upon  the  pectin.  When  a  fruit  is  boiled,  the  pectose  alone  is  altered,  while  the  cel- 
lulose does  not  experience  any  change. 

Green  fruits,  as  already  observed,  do  not  contain  pectin  ready  formed,  but  onlv  pectose, 
the  scanty  precipitate  which  their  juice  yields  with  alcohol  being  due  to  albuminous 
matter.  But  as  the  ripening  advances,  the  fruit  gradually  loses  its  hardness,  the  cells 
become  distended  and  semi-transparen^  and  the  juice  then  contains  only  pectin,  which 
does  not  precipitate  neutral  acetate  of  lead.  When  the  fruit  Ts  ripe,  the  juice  becomes 
ffummy  and  contains  a  large  quantity  of  pectin,  and  still  more  of  parapectin,  which 
forms  a  precipitate  with  acetate  of  lead.  At  this  time,  the  pulp,  if  carefrdly  washed, 
does  not  exhibit  any  sensible  quantity  of  pectose,  this  substance  having  been  changed 
in  the  process  of  maturation  into  pectin  and  parapectin.  Lastly,  fruits  in  the  over-npe 
state  no  longer  contain  a  trace  of  pectin,  tnat  substance  having  been  oonvrated  into 
metapectic  add,  which  is  saturated  by  the  potash  or  lime  in  the  fruit 

It  appears  then  that  the  gelatinous  or  pectous  constituents  of  fruit  experience  dur- 
ing vegetation,  transformations  identical  with  those  which  may  be  produced  in  them 
aroficmly  by  the  action  of  acids,  water,  alkalis,  or  pectase. 

We  shall  now  describe  the  several  bodies  of  the  pectous  group,  taking  them  in  the 
Older  in  which  they  are  formed  from  pectose. 

Feetlii.  This  substance  was  discovered  by  Bra eonno  t  Fr i mjr  prepares  it  by 
treating  the  expressed  and  filtered  juice  of  very  ripe  pears  with  oxalic  add  to  predpitate 
the  dimolved  lime,  and  with  tannic  add  to  predpitate  albumin,  and  mixing  the  filtrate 
with  alcohol,  whidi  predpitates  pectin  in  long  threads.  These  are  purified  by  washing 
with  alcohol,  repeated  solution  in  cold  water,  and  precipitation  with  alcohol,  till  neither 
sugar  nor  organic  add  can  be  detected  in  the  solution. — Braco  nnot  boils  the  recently 
expressed  juice  of  ripe  apples  for  a  while  to  coagulate  the  albumin,  predpitates  the 
filtrate  with  alcohol,  and  purifies  it  by  repeated  solution  in  water  and  predpitation  with 
alcohoL — ^Poumaride  and  Figuier  leave  comminuted  gentian-roots  to  soften  in 
warm  water,  wash  them  thoroughly  with  water  and  very  dilute  acetic  add,  digest 
the  roots  thus  prepared  with  very  dilute  acetic  add  at  80° — 90°  for  half  or  three- 
quarters  of  an  hour,  and  predpitate  the  solution  with  alcohol  of  36^. — Mulder  pre- 
dpitates the  expressed  and  filtered  juice  of  apples  with  alcohol,  and  boils  the  predpitate 
with  alcohol,  to  remove  sugar,  malic  add  and  tannin. — Ghodnew  obtained  pectin: 
a.  By  boiling  crushed  pears  with  water,  precipitating  the  filtered  juice  with  alcohol, 
and  washing  with  alcohol  and  ether;  whereupon  it  becomes  opaque  and  acquires  the 
texture  of  woody  fibre.  (This  pectin  is  not  precipitated  by  diloride  of  bazium,  but 
gives  a  predpitate  with  neutral  acetate  oflead  and  sulphate  of  copper,  and  therefore  agrees 
with  Fr^my's  parapectin,  p.  864) ;— or  /3.  By  boiling  the  expressed  juice  of  apples, 
predpitating  with  alcohol,  redissolving  in  water,  mixing  the  solution  with  hydro- 
chloric add,  and  again  predpitating  with  alcohoL  (This  pectin  resembles  the  formezv 
but  has  a  slight  add  reaction,  and  sometimes  reduces  an  a&aline  cupric  solution.) 

Stude  (i^n.  Ch.  Phann.  cxxxL  68)  prepazes  pectin  from  turnips,  by  rasping  the 
pulp,  leaving  it  to  macerate  for  some  hours  with  water,  pressing,  heating  just  to  the 
boiling  point^  filtering,  then  precipitating  with  basic  acetate  of  lead,  decomposing  the 
predpitate  with  sulphydric  acid,  and  predpitating  the  filtrate  with  aloohoL*  He  is  of 
opinion  that  the  bod^  which  yidds  pectin  when  unripe  fruits,  &e.,  are  boiled  with  adds^ 
is  not  a  simple  proxunate  piindple  (pectoee),  but  a  compoond  of  pectin  with  lime ;  for, 

*  If  neutral  aceUto  of  lead  bo  added  to  the  boiled  lolutlon  Instead  of  the  batic  aeetate,  a  leas  abundant 
preeiptiate  li  obtidned,  coot liting  of  lead-eulphate  and  the  lead.compouad  of  a  new  gljcogeaous  lub^ 
ftanoe. 
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■on  washing  radish-palp  oompleteiy  with  water  and  Chen  treating  it  with  an  acid,  lime 
passes  into  solution  as  well  as  pectin. 

Properttea. — Pectin  is  a  white  amorphons  mass,  solnble  in  water,  nentrsl  to  test-papers, 
precipitated^^  alcohol  as  a  jelly  from  dilute  solations,  in  long  threads  from  strong 
solutions.  When  pure  it  is  not  precipitated  by  neutral  acetate  of  lead,  but  it  is  gen- 
erally mixed  with  a  certain  quantity  of  pan4)ectin,  which  eiyes  a  precipitate  with  thai; 
reagent.  With  basic  acetate  of  lead  it  gives  a  oopions  precipitate.  It  has  no  action  on 
polarised  light.    When  burnt  it  emits  an  odour  like  that  of  tartaric  acid. 

The  following  are  the  results  of  the  analyses  of  pectin  prepared  in  yarions  ways,  de- 
ducting the  mineral  substances  with  which  pectin  is  always  contaminated,  in  whatever 
way  it  may  be  prepared: 
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a.  Pectin  from  sweet  apples  at  120®,  leaving  6*9  per  cent,  ash,  consisting  of  nearly 
pure  lime,  with  a  little  sifica  uid  iron  oxide. — h.  Pectin  of  sour  apples  at  120^,  leaTin^ 
9*3  per  cent.  ash. — c.  Mean  of  two  analyses  of  pectin  from  pears  at  1 16® ;  it  contained 
8*6  per  cent,  ash,  composed  of  lime,  magnesia,  iron-oxide,  potash,  chlorine,  sulphuric 
acid  and  phosphoric  acid. — d.  Pectin  of  apples  at  116^,  leaving  1*69  per  cent,  ash,  con- 
taining much  ferric  phosphate  without  a  trace  of  carbonic  acid. — e.  Pectin  of  ripe  pears, 
y.  Mean  of  three  analyses  of  pectin  from  gentian  dried  at  120®,  and  still  containing 
mineral  substances. — g.  Mean  of  two  analyses  of  pectin  from  gentian  dried  at  120<^ 
and  freed  from  the  greater  portion  of  metallic  oxide  by  treatment  with  alkalis  and 
«cids.^A.  Pectin  from  carrots  dried  at  120®. 

The  preceding  analyses,  though  they  agree  pretty  nearly  in  the  amount  of  hydrogen^ 
yet  differ  so  greatly  in  the  carbon  that  it  is  impossible  to  represent  them  by  any  one 
formula.  The  discrepancy  doubtless  arises  from  the  great  difficulty  of  completely  puri- 
fying pectin  from  albuminous  substances,  sngar,  dextrin,  malate  of  calcium,  &c.,  which 
adhere  to  it  obstinately.  The  best  mode  of  testing  its  purity  is  to  precipitate  the 
aqueous  solution  with  excess  of  baryta- water,  which  throws  down  the  pectin,  leaving 
the  substances  just  mentioned  in  solution ;  if  then  the  licruid  filtered  from  the  pre- 
cipitate and  freed  from  excess  of  baryta  by  carbonic  acid,  leaves  no  residue  on  evapo- 
ration, it  may  be  presumed  that  the  pectin  is  pure  fFrdmy).  In  the  preparation  an4 
purification  of  pectin  it  is  indispensable  also,  according  to  Fr^my,  to  avoid  the  use  of 
boiling  vrater,  which  alters  it  rapidly  by  converting  it  into  parapectin.  Fr^my  deduces 
from  his  own  analyses  of  pectin  the  formula  CT'H^K)'',  requiring  407  per  cent,  carbon, 
6*1  hydrogen,  and  64*2  oxygen. 

Decompnaitions. — Boilii^  te;a^,  as  already  observed,  converts  pectin  into  parapectin. 
JKluie  acids  at  the  boiling  heat  convert  it  into  metapectin,  and  finally  into  metapectie 
acid.  Alkalis  and  alkaline  earths  immediately  change  it  into  pectates,  and  these  salts 
when  treated  with  adds  yield  insoluble  pectic  acid.  Lastly,  under  the  infiuenoe  of 
pectase,  pectin  is  converted  into  pectosic  acid. 

Parapeetlii.  Aqueous  pectin,  when  boiled  for  several  hours,  loses  its  gummy  con- 
sistence, and  is  converted  into  parapectin,  which  is  precipitated  by  alcohol  in  the  form 
of  a  translucent  jelly.  It  then  still  retains  albuminous  substances,  which  are  precipitated 
from  the  aqueous  solution  by  addition  of  a  small  quantity  of  basic  acetate  of  lead. 

Parapectin  is  an  amorphous,  neutral  substance  resembling  pectin  ;  tasteless  ;  soluble 
in  water,  like  pectin  and  metapectin;  distinguished  from  the  former  by  being  pre- 
cipitable  by  neutral  acetate  of  lead,  and  from  the  latter  by  not  being  precipitated  by 
chloride  of  barium.  It  is  isomeric  with  pectin  at  100®,  but-gives  up  1  at  water  when 
heated  to  140®. 
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a  is  parapectin  several  times  purified ;  b  and  e  are  less  pure. 

Parapectin  is  converted,  by  boiling  with  dilute  acids,  into  metapectin ;  by  aqueous 
alkalis  into  a  salt  of  pectic  acid.  Its  aqueous  solution  precipitates  netUral  acetate  of 
leady  forming  a  precipitate  containing  very  variable  quantities  of  lead-oxide  (from  11*9 
to  18*8  and  21*2  per  cent.).  The  organic  portion  of  the  precipitate  was  found  to  con- 
tain 41-96  per  cent  carbon,  and  6*42  hydrogen.     (Fr^my.) 
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KatApeotiB.  CH^'O"  ? — ^Ptttpeetm  is  qidcklj  conTarted  into  thii  salwtance  by 
boiling  with  dilute  acids.  It  is  nncryfltalliBable ;  luis  an  acid  reaetion ;  is  soluble  in 
water,  like  pectin  and  panpectin ;  distingnished  from  both  bj  its  add  propeities  and 
predpitability  by  chlonde  of  barium.  ])&tapeetin  dried  at  100^,  gires  off  1  at  water 
at  140^,  and  then  exhibits  the  same  composition  as  pazapectin  (by  analysis,  41'85  par 
cent,  carbon,  and  6*68  hydrogen). 

By  alkaUM  it  is  oonyerted  into  a  salt  of  pectic  add.  It  dissolres  in  water;  if  the 
solution  also  contains  hydrochloric,  sulphuric,  or  oxalic  add,  alcohol  throws  down 
gelatinous  compounds  of  these  adds  with  metapeetin.  From  aqueous  metapecdn, 
chloride  of  barium  throws  down  a  predpitate  containing  from  14  to  16  per  cent  baryta 
(C**H«^)"Ba''0  oi  141  per  cent.  ba^).  The  Uad'C<mipaimd  coaUana  19*43  per 
cent  lead-oxide  (C"H*K)<Pb''0  -  20-30  per  cent  Pb"©). 

Veetoalo  add.  This  add,  probably  isomeric  with  parapectin  and  metapeetin,  is 
obtained  as  the  first  product  of  the  action  of  pectase  or  of  aqueous  alkalis  on  aqueous 
pectin  the  solutio:.  solidifying  to  a  jelly  immediately  or  after  addition  of  adds ;  but  it 
IS  quickly  conyerted  into  pectic  add  by  the  ftirther  action  of  the  same  agents,  or  hj 
boiling  water.  It  has  an  add  reaction ;  is  nearly  insoluble  in  cold  water,  quite 
insoluble  in  water  containing  hydrochloric  acid,  but  easily  sduble  in  boiling  water 
(whereby  it  is  distinguished  from  pectin),  and  forms  a  jelly  on  ooohng.  It  gare  by 
analysis  41*1  per  cent  carbon,  and  6*26  hydrosen.  (Frimy.) 

The  gelatinous  amorphous  pectoeates  are  easuy  converted  into  pectates  by  excess  of 
base ;  when  pure  they  dissolve  completely  in  warm  dilute  add,  wnereas  pectates  leave 
a  reddue  of  pectic  acid. 

The  barium-salt  predpitated  from  aqueous  pectin  by  a  quantity  of  baiyta-water 
insuffident  for  complete  predpitation,  contains^  on  the  average,  24*4  per  cent  baryta 
(C^H^^Ba^O"  -  25*8  per  cent  BaO). 

The  leadr^alt  contains  32*76  per  cent  lead-oxide^  the  formula  C"H^Fb''0'*  requiring 
88*42  per  cent  PbO. 

Veetle  aeld.  C^'K'K)"? — ^This  add,  thouffh  it  may  be  obtained  from  most  plants, 
if  not  from  all,  does  not  exist  in  them  ready  fbrmeo,  at  least  not  alwayi^  but  is 
produced  from  pectose  or  pectin.  In  fkct  when  a  solution  of  pectin  holding  potash  in 
suspendon  is  left  to  itself  at  a  temperature  of  30°,  the  pectin  is  first  converted  into 
pectosic,  then  into  pectic  add.  Dilute  solutions  of  potash,  soda,  alkaline  carbonates, 
ammonia,  and  aqueous  baiyta,  strontia,  and  lime,  traxisform  pectin  almost  immediately 
into  pectates.  Pectic  add  is  extract«Hl  from  its  different  salts  by  submitting  pectates 
to  the  action  of  adds. 

Prevaration 1.  Well  washed  carrot-pnlp  is  boiled  with  water  slightly  acidulated 

with  hydrochloric  add,  whereby  pectin  is  dissolved.  This  pectin  is  converted  into 
pectate  of  sodium  by  boiling  with  the  proper  ^uantitjr  of  sodic  carbonate  (to  be  deter- 
mined bjr  trial) ;  the  solution  is  predpitated  with  hydrochloric  add ;  and  tne  separated 
pectic  add  is  dned,  first  in  vacuo,  then  by  heat  If  too  small  a  quantity  of  carbonate 
18  added,  pectodc  add  may  be  formed ;  if  too  much,  metapectic  acid  may  be  produced 
(Fr^my). — 2.  The  pulp  of  peeled  turnips  is  well  washed  with  water  and  pressed,  and 
the  residue  is  boiled  for  three  quarters  of  an  hour  with  water  to  which  ^  of  sodic  car- 
bonate, or  a  small  quantity  of  caustic  potash,  has  been  added.  The  liquid  is  filtered, 
the  solution  is  predpitated  with  chloride  of  caldum ;  and  the  pectate  of  caldum  is 
decomposed  by  nydrochloricadd(Braconnot,  Re^nault;  Simonin,  J.  Fharm.  xx. 
478.  Kegnault  dissolves  the  still  coloured  pectic  acid  in  aqueous  ammonia ;  decolorises 
it  with  animal  charcoal  at  60°  to  80° ;  predpitates  the  filtrate  with  hydrochloric  add; 
and  repeats  the  solution  in  ammonia  and  predpitation  with  add,  in  order  to  remove 
the  mineral  constitaents. 

3.  The  pulp  of  carrots  or  celeiy  is  exhausted  by  washing  with  pure  water,  boiling 
with  water  containing  hydrochloric  add,  and  again  washing  with  pure  water;  the  reddue 
is  boiled  with  very  dilute  potash -ley;  and  the  solution  is  precipitated  by  hydrochloric 
add  (Braconnot).  Fr^my  obtained  by  this  process  only  a  smafi  quantity  of 
pectic  add  (vid.  eupj).  Chodnew  boils  turnips  after  trituration,  washing  and  press- 
ing, with  veiT  dilute  potash,  for  half  to  three  quarters  of  an  hour ;  strains;  predpitates 
the  still  turbid  solhtion  witli  hydrochloric  acid ;  washes  the  pectic  acid  several  times, 
first  with  addulated,  then  with  pure  water ;  presses  it  with  the  hand  after  each  wash- 
ing, and  redissolves  it  in  ammonia,  whereby  an  easily  filtering  H(|uid  is  obtained, 
which,  after  filtration,  is  predpitated  by  hydrochloric  acid.  This  predpitste  is 
washed  as  above,  and  finally  with  alcohoL* 

*  By  boiling  the  WMhed  pulp  of  turnipt  or  apples  with  hydrochloric  acid,  precipitating  with  alcohol, 
then  washing  the  precipitate  with  alcohol  or  ether,  pressing  and  drying  at  12(P,  C  h  od  n  e  w  obtained 
a  non>fHable  mass  like  woody*flbre,  which  be  calls  pectous  acid;  it  Is  slightly  acid,  soluble  in  water 
even  after  drying,  precipitated  as  a  Jelly  by  excess  of  potash  or  lime-water,  but  not  by  chloride  of  po« 
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Aoooiding  to  Fr^my,  peede  add  pfepaied  in  the  ordinaiy  way  (pTobably  aeoording 
to  methods  2  and  3)  oontains  albaminona  Bubstanoes  which  may  be  more  eaaily  pre« 
eipitated  by  amall  qnantitiee  of  baaie  aeetate  of  lead)  after  prolonged  boiling  of  the 
eolation  euperutorated  with  ammonia 

Mnlder  waahee  oomainnted  carrots,  tunips  or  sweet  apples  with  water,  boils 
the  residne  with  yery  dilute  potash,  not  in  excess^  and  predpitatee  with  hydrochloric 
acid. 

From  berg  prepared  hia  peetic  acid  from  tvmipa  l^  oomminntion,  washing  with 
cold  water,  and  bouing  with  Teiy  diinte  carbonate  of  sodinm. 

Aeoording  to  D  iyers  (Chem.  Soc  J.  zrii  91)  peetic  add  is  prodoced,  together  with 
parapeetic  add,  by  the  spontaneona  decompodtion  of  gam  oottcoi. 

Propertie$,'^'Peetio  aod  in  the  moist  stiOe^  ia  a  transparent^  cblonrless  jelly,  which 
dries  up  to  a  white,  transparent^  homy  mass,  difficult  to  pulTerise.  It  haa  an  add 
taste  and  reaction.  It  is  insolable  in  cold,  nearly  insoluble  in  boiling  water,  insoluble 
also  in  alcohol  and  in  ether.    Its  eompodtion  is  aa  follows : — 

CaiemlmHom  (Fi^myX                Mnldar.  Fromben.  Reftnaak.  Chodnew.  Frinir. 

. »     -^              a.              b.  at  140°.        at  190°  at  1S(P. 

Ci«         192        42-29  44*9         446        44-6  4269        4222  41*40 

H»          22          4*84          6-4          6*3          5*2  471          624  4*77 

O'*        240        52-87  49*7        601        60-3  52*60        52-64  53*83 


C»«H»0"    454       10000      100-0       1000       1000       10000       10000       100-00 

The  analyses  are  given  as  mean  results.  Be^ault  and  Chodnew  examined  peetic 
add  prepared  from  turnips ;  Fr^y  analysed  aad  from  various  sources.  Chodnew's 
add  lelt  ^  per  cent  ash,  which  is  deducted :  see  abore.  Mulder's  peetic  add  a  was 
obtained  from  carrots,  and  left  4-17  per  cent,  of  ash,  composed  of  lime  with  traces  of 
silica;  b  was  obtained  from  sweet  apples,  and  left  8*2  per  cent.  ash.  Fromber^s 
pectio  add,  obtained  from  turnips  and  dried  at  140°,  left  7  per  cent  ash,  composed  in 
great  part  of  caustic  lime. 

The  analTses  of  peetic  add  differ  from  one  another  as  widely  as  those  of  pectin.  It 
is  most  probable,  howeyer,  that  peetic  add,  as  indicated  by  Fr^my's  formula,  differs 
from  pectin  only  by  the  elements  of  water.  Begnault  gave  the  formula  C'H'^O**,  both 
for  peetic  add  dried  at  140^,  and  for  that  contained  in  the  salts.  Chodnew  gives  the 
formula  C**H**0",  which  agrees  with  the  composition  of  many  of  the  pectates,  and  re- 
quires 42*42  per  cent  carbon,  506  hydrogen,  and  52*52  oxygen. 

Decompontions. — 1.  Peetic  add  becomes  coloared  at  120°  (Begnault);  black  at 
150°  (Chodnew]^  and  at  200°  gives  off  carbonic  anhydride  and  water,  and  is  converted 
into  pan^)ectic  add,  p.  368  (Fr  emy). — 2.  It  melts  when  heated,  swells  up,  bums  away, 
and  leaves  a  difflciiltily  combustible  charcoal  (Begnault). — 3.  When  peetic  acid  is 
boiled  with  wateTf  parapeetic  add  is  formed;  likewise  when  insoluble  pectactes  are 
boiled  with  water  (Fr^my).  When  peetic  add  is  left  in  contact  with  water  for  two  or 
three  months,  it  dissolves  as  metapectic  add,  which  is  likewise  produced  when  peetic 
add  is  boiled  with  water  for  36  hours,  or  when  moist  peetic  add  is  dried  by  heat  Not 
a  trace  of  suffar  is  formed,  even  after  boiling  with  water  for  seven  or  eight  days,  and 
the  solution  does  not  reduce  potasdo-capric  tartrate  unless  it  oontains  para-  or  meta- 
pectic add  (Fr6my).    See  below. 

4.  Pectio  add  is  not  altered  by  cold  oil  of  vitriol,  but  is  quickly  charred  by  that 
liquid  when  heated  (Braconnot,  Beenault).  By  boiling  with  dilute  acidic  it  is 
converted  into  metapectic  add,  which  dissolves  (Fremv).  It  is  not  altered  by  hot 
very  dilute  hjfdrochlorio  aeid  (Begnault). — ^Pectio  add  prepared  from  turnips  does 
not  dissolve  tiU  after  veiy  long  boiling  with  dilute  adds  (more  quickly  with  concen- 
trated adds)  and  the  solution  does  not  contain  metapectic  add ;  that  which  is  prepared 
from  pectin  decomposes  much  more  quickly.  When  the  first-mentioned  peetic  acid  is 
boiled  with  dilute  mineral  adds,  the  liquid  soon  acquires  a  faint  red  colour,  reduces 
copper-  and  silver-salts,  and  if  sulphuric  add  is  used,  gives  off  carbonic  and  formic 
acids,  and,  finally,  an  odour  of  caramel.  The  solution,  which  remains  colourless  if 
diluted  at  the  right  moment,  leaves  a  black  product  when  filtered,  and  if  evaporated 
after  the  sulphuric  add  has  been  removed  by  carbonate  of  barium,  it  leaves  a  syrup 
from  which  alcohol  predpitates  a  barium-salt  soluble  in  water,  leaving  in  solution  a  sugar 
(partly  converted  into  caramel),  which  is  fermentable  and  capable  of  uniting  with 
common  salt.    The  barium-salt,  which  is  soluble  in  water,  appears  to  contain  formic 

taislimi ;  ooaverted  Into  peetic  acid  by  lolutlon  fn  potaah-Iey  and  precipitation  with  hydrochloric  add; 
contalnt  43*S  per  cent  carbon,  iy*6  brdrogen,  and  51-8  oxygen. 
Another  add,  called  byperpecttc  acid,  i»  obtained  from  the  tnmlp-pulp  after  exhaustion  with 

Sdroehhnie  acid,  by  boiling  it  with  dilute  potash  (not  with  ammonia),  and  precipitating  with  liydro- 
loricacid.  It  is  a  gelatinous  substance,  containing  (al  ia>0)  after  deduction  or  0*92  percent,  ash, 
41-5  per  cent,  carbon,  4*8  hydrogen,  and  68*7  oxygen,  and  is  distinguished  (tarn  peetic  acid  by  not  dis- 
•olring In ammoula.    (Chodnew.) 
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acid,  and  an  acid  similar  to  malic  acid  (C  hod  new).  The  jelly  of  pippina  oompletelr 
froed  from  sugar  by  alcohol,  is  converted  into  sn^  by  twenty  minutes  boiling  with 
oxalic  add  (CouTorchel,  Ann.t)h.  Fhys.  [2]  xlvi.  181).  According  to  Fr^my,  peetio 
add  is  transformed  by  acids  in  the  same  manner  as  by  water,  therefore  without  forma- 
tion of  sugar.  Fr^my  attributes  the  formation  of  sugar  in  Chodnew's  experiments  to 
the  presence  of  starch  in  the  pectic  add  employed. 

5.  Withnt^m  add,  pectic  acid  yields  oxidic  add  (Vauquelin)  and  mndc  add 
(Braconnot).    Chodnew  obtained  mucic  add  from  pectin,  but  not  from  pectic  acid. 

When  pectic  add  is  heated  with  the  aqueous  solution  of  eausHc  aikalU  or  alkaUna 
carbonates,  metapectic  add  is  formed  (Fr^my).  Pectin  and  pectic  add  prepared  from 
it,  undergo  these  transformations  much  more  readily  than  ordinary  pectic  add  (Fr  ^  m^, 
Chodnew).  The  liquid  acquires  a  brown  colour,  bat  is  not  found,  to  contain  oxahc 
acid  (Fr^my). 

Pectates.  The  pectates  of  the  alkali-metals  are  soluble  in  water,  the  rest  insoluble 
and  gelatinous.  The  jellies  predpitated  from  cold  solutions  are  denser  than  thoee> 
obtained  from  hot  solutions  (Kegnault).  At  a  moderate  heat^  the  add  expels  car- 
bonic acid  from  alkaline  carbonates.  It  dissolyes  easily  in  aqueous  alkalis,  eyen  after 
drying.  The  solution  is  not  predpitated  by  mercuric  chloride,  but  with  all  other  salts 
it  yields  gelatinous  pred^itatee,  which  dissolye  in  excess  of  alkali.  It  is  difficult  to 
obtain  the  salts  at  a  definite  degree  of  saturation,  because  the  neutral  salts  formed  at 
first  take  up  an  additional  quantity  of  pectic  add  (Regnault,  Fr^my).  When  a 
soluble  pectate  is  precipitated  by  a  metallic  salt,  the  composition  of  the  predpitate  de- 
pends upon  that  of  the  soluble  salt,  and  yaries  with  it  (Regnault).  The  jellies  pre- 
cipitated by  metallic  salts  from  pectate  of  ammonium  and  pectate  of  caldum,  are 
transparent  if  the  add  was  pure.  They  obstinately  retain  portions  of  the  predpitant^ 
which  cannot  be  removed  by  washing  on  the  filter,  but  may  be  got  rid  of  by  pressing 
the  jelly  with  the  hand,  pouring  fr«sh  water  upon  it^  and  so  on,  whereby  the  salt 
acquires  the  consistence  of  woody  fibre,  and  becomes  friable  after  drying  (Chodnew). 
The  insoluble  salts  dry  up  to  very  hard,  difficultly  friable,  homy,  hygroscopic  masses. 
They  take  fire  when  heated  in  contact  with  the  air,  retain  water  obstinately,  so  that 
they  cannot  be  dried  below  140^  or  150^,  and  decompose  at  about  200^  ^Re^nault). 

The  ammofdum'Salt  is  obtained  as  a  colourless  jelly  by  dissolving  pectic  acid  inr  am- 
monia, and  predpitating  with  alcohol. — ^The  potasaium^alt  is  obtained  in  like  manner 
as  a  jelly  which  becomes  fibrous  when  washed  with  alcohol  and  dried  at  120^.  It  re- 
dissolves  in  water  forming  a  neutral  solution.  Chodn  ew  found  18*89  per  cent  potash 
(E'O)  in  the  salt  dried  at  120^  and  20-0  per  cent  in  the  salt  dried  between  160^  and 
160^. — The  sodium-salt  obtained  in  like  manner  is  a  colourless  jelly  containing  (at  120'') 
13*73  per  cent  sodium.     (Chodnew.) 

Pectate  of  haritim  is  obtained  as  a  colourless  jelly  by  mixing  chloride  of  barium  with 
a  solution  of  pectic  add  in  ammonia.  Fr^my  obtains  it  pure  by  treating  a  cold  sol- 
ution of  pectin  protected  from  the  air  with  a  urge  excess  of  baiyta-water.  A  copious 
precipitate  of  pectosate  of  barium  is  then  formed,  which  changes  into  pectate  under  tiie 
infiuence  of  excess  of  base.  The  prcdpitate  is  to  be  quickly  washed  and  dried,  first  in 
a  vacuum,  then  in  a  stove  at  120^.    It  contains  20*1  per  cent  baryta.   (Mulder.) 

The  calcium-salt  is  obtained  in  like  manner  as  a  transparent  jelly,  which  in  three 
preparations,  dried  at  120^,  gave  12*38,  12*42,  and  12*46  per  cent  lime.  (Chodnew.) 

The  copper-salt  is  a  green  jelly  containing  16*86 — 16*38  per  cent  cupric  oxide 
(Chodnew);  of  variable  composition  (Regnault).  The  lead-salt  obtained  by  pre^ 
dpitating  acetate  of  lead  with  an  ammoniacal  solution  of  pectic  acid,  contains  very 
variable  quantities  of  pectic  acid  (34  to  60  percent  according  to Fr^ my).  Theoiganic 
matter  in  this  predpitate  contains,  according  to  various  analysts,  from  42*0  to  45*2 
per  cent  carbon,  5*2  to  4*5  hydrogen,  and  49*6  to  63*0  oxygen.  The  sUver^salt  is 
difficult  to  obtain  pure.  Regnault  found  it  to  contain  quantities  of  silver-oxide 
varying  from  37*7  to  41*0  per  cent. 

From  the  above  discordant  results  of  the  analyses  of  pectates,  it  is  impossible  to  ob- 
tain any  verification  of  the  formula  of  pectic  acia. 

Parapeotto  mold.  C^H'^O"? — Pectic  add  boiled  for  some  time  with  water 
dissolves  as  parapectic  add.  In  like  manner,  pectates  heated  for  several  hours  to 
150^  or*  boiled  with  water,  are  converted  into  parapectates.  Parapectic  add  is  also 
formed,  together  with  pectic  add,  by  the  spontaneous  decompodtion  of  gun-cottoiu 
(Divers,  Chem.  Soc.  J.  xvii.  91.) 

Parapectic  add  is  soluble  in  water,  uncrystallisable,  destitute  of  optical  rotatory 

Sower,  and  has  a  strong  acid  reaction.  When  heated,  it  behaves  like  pectin ;  when 
issolved  in  wcUer,  it  is  quickly  converted  into  metapectic  acid ;  when  boiled  with 
potassto-cuprio  tartrate,  it  precipitates  cuprous  oxide ;  and  it  is  not  fermentable. — It 
forms  soluble  salts  with  the  alkalis,  and  is  predpitated  therefrom  by  excess  of  baryta- 
water,  being  thereby  distinguished  from  metapectic  acid ;  i^m  its  aqueous  solution  it 
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i8  preeipitated  by  alcoboL  The  potamum»9alt  precipitated  from  its  aqueous  solotton 
by  alcohol,  and  dried  at  16(P,  contains  28  per  cent,  potash  (C*<H**K«0'*  «  224  per 
eent^  K'O). — ^The  lead-Mit  obtained  by  boiling  pectate  of  lead  suspended  in  water  for 
seTeral  hours,  or  by  precipitating  aqueous  parapeetic  add  with  neutral  acetate  of  lead, 
was  found  to  contain  from  40*0  to  41*7  per  cent  lead-oxide,  and  the  organic  part  of 
the  precipitate  gare,  as  the  mean  of  three  analyses,  43  9  per  cent,  carbon  and  4*7 
hydrogen,  whence  Fr^my  deduces  the  formula  C^H'PbK)**. 

Xetapeetle  acid.  C*H'*0*  ?  Acide  celluUque, — ^This  add  occurs  as  a  product  of 
the  transformation  of  pectose,  in  all  fluids  of  the  vegetable  organism  which  are  in 
contact  with  tissue  containing  pectase.  All  pectous  substances  may  be  converted 
either  directly  into  metapectic  add,  or  into  products  which  yield  this  acid  after  Airther 
treatment.  When  lime  is  allowed  to  act  on  mangold- wurzel  pulp  in  the  manufiicture 
of  sugar  on  the  large  scale^  metapectate  of  caldum  may  be  formed,  which  then  accuma- 
latee  in  the  molasses.  It  may  be  prepared  by  washing  chopped  mangold-wurzel  with 
water ;  boiling  the  residue  for  an  nour  with  milk  of  lime  and  pressing ;  evaporating 
the  liquid  to  a  syrup^  and  mixing  it  with  alcohoL  Metapectate  of  caldum  then 
&lla  to  the  bottom,  and  after  it  has  been  decomposed  by  oxalate  of  ammonium,  the 
filtered  solution  is  mixed  with  excess  of  neutral  acetate  of  lead  to  predpitate  colouring 
matter,  phosphoric  add  and  other  substances ;  and  the  filtrate  is  supersaturated  with 
ammonia,  which  throws  down  metapectate  of  lead.  By  decomposing  this  salt  under 
water  with  snlphydrie  add,  and  evaporating  the  filtrate,  aqueous  metapectic  acid  is 
obtained  ss  an  amorphous,  strongly  add  mass,  destitute  of  rotatory  power,  deliquescent, 
and  easily  soluble  in  water.  The  aqueous  solution  quickly  becomes  covered  with 
mould,  and  is  decomposed  by  prolonged  boiling,  with  formation  of  acetic  add  and  black 
ulmic  add.  It  reduces  potassiiheupric  tartrate  at  the  boiling  heat^  also  silver  and  gold 
9alt$,  The  mefapectates  (excepting  the  basic  salts)  are  aU  soluble  in  water.  The 
aqueous  add  decomposes  carbonates  and  neutralises  strong  bases. 

Metapectate  of  Lead. — Aqueous  metapectic  add  precipitates  basic  acetate  of  lead, 
but  not  the  neutral  acetate.  The  aqueous  solutions  of  the  alkaline  metapectates  added 
to  neutral  or  basic  acetate  of  lead  in  excess  (of  the  lead-salt?)  throw  down  soluble 
predpitates.  The  predpitates  thrown  down  from  aqueous  metapectic  acid  by  basic 
acetate  of  lead  contain  from  67*6  to  68-8  per  cent  (C"H'«Pb*0»-67-2  per  cent.  PbO) 
and  73-4  to  74-2  per  cent  oxide  of  lead  (C»H'»PbO».Pb''0  -  76*4  per  cent.  PbO) ;  after 
deduction  of  the  lead-oxide,  they  contain  on  the  average  43*51  per  cent  C,  4*58  H, 
and  5-91  O,  corresponding  to  the  formula  CH**0'  (calc.  44*08  per  cent  C,  4*58  H, 
and  51-3  O). 

yjrwpeeiic  a«ld.  When  pectin  or  either  of  its  derivatives,  such  as  pectie,  para- 
peetic, or  metapectic  add,  is  heated  to  200^,  water  and  carbonic  anhydride  are  evolved, 
and  pyropectic  acid  remains  in  the  form  of  a  black  substance  insoluble  in  water,  bat 
soluble  in  alkaline  liquids.  It  contains  51*3  per  cent  carbon,  5*3  hydrogen,  and  43*4 
oxygen,  whence  Fi^my  deduces  the  formula  C'^H^O*.  It  is  remarkable  that  the 
hydrogen  and  oxygen  in  this  body  are  in  the  same  proportion  as  in  the  black  add  of 
sugar. — P|yropectic  acid  forms  brown  uncrystallisable  salts.    (Fr^my.) 

General  view  of  the  trans/ormations  of  Pectin  and  the  mutual  relatione  of 

Pectous  substances, 

1.  Peetose  heated  with  dilute  acids  is  converted  into  pectin,  which  by  longer  boiling 
is  transformed  into  metapectic  add. 

2  By  boiling  with  milk  of  lime,  it  is  converted  into  metapectic  acid.  Probably 
pectie  add  is  formed  in  the  first  instance. 

3.  Pectin,  when  its  aqueous  solution  is  left  to  itself,  changes  into  metapectic  add. 
It  pectase  is  likewise  present^  the  change  takes  place  more  quickly,  pectosic,  pectie, 
and  metapectic  acid  being  snccessivdy  produced.  When  pectin  is  boiled  with  water, 
parapectin  is  produced. 

4.  Pectin  boiled  with  strong  adds,  is  converted  into  metapectic  acid. 

5.  By  cold  dilute  aqueous  alkalis,  it  is  converted  into  pectosic  acid,  which  quickly 
undergoes  further  transformation  into  pectie  acid,  or  by  t>oiling  with  strong  alkalis, 
into  metapectic  add. 

6.  Para^tin  boiled  with  dUvte  adds  is  converted  into  metapectin ;  aqueous  alkalis 
convert  it  into  a  pectate. 

7.  Metapectin  is  converted  by  alkalis  into  salts  of  pectie  acid. 

8.  Pectosic  acid  is  converted  into  pectie  acid  by  boiling  with  water,  either  pure  or 
alkaline,  or  bv  eontact  with  pectose.  When  boiled  with  aqueous  alkalis  it  forms 
metapectic  ado. 

9.  PeeOe  add  is  converted,  by  long  contact  with  water  in  the  cold,  more  quiddy  at 
Vol.  IV.  B  B 
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the  boiling  heat,  into  parapectie  acid,  then  ftirther  into  metapectie  add.    Boiling  with 
acids  or  alkalis  likewise  oonverts  it  into  metapectie  acid. 

10.  Parapectie  acid  in  contact  with  water,  is  quickly  oonyerted  into  metapectie  add. 

11.  MetaptcHc  acid  cannot  be  conyerted  into  any  other  substance  of  the  pectin 
group. 

VBOAVITB.  Native  phosphate  of  aluminium  from  Strigis  near  Freiberg  (see 
Peosfhatbs). 

yBOAVVM  BABBKA&A,  AXEJiXMOM  OV.     See  FARVAT.Tna  and  Har- 
(iu.  7). 

Graphic  granite. 

VBaXATO&ITB.    Syn.  with  Osthoclasb. 

VWOlMSMm  A  piotdn-substance  obtained  by  Thomson  from  the  buff  coat  of  the 
blood  of  men  and  hones,  by  washing  with  cold  water  and  exhsusting  the  dried  residue 
witk  alcohol  and  ether.  It  contains  sulphur,  and  is  regarded  by  Thomson  as  a 
peculiar  substance. 

VXLAKOOVa.  Gi'H^H)  »  C*Hi'.G'H"0.  Octyl-pdargyl^yThen  pelargonate 
of  barium  is  submitted  to  dnr  diBtillationi  this  compound  passes  OTer  as  a  brown  oil 
whioh  solidifies  on  cooling,  while  carbonate  of  barium  remains  behind.  The  distilled 
products,  after  pressure  l^tween  bibulous  paper,  form  a  solid  substance  which  dissolves 
easily  in  ether,  and  is  deposited  by  spontaneous  eraporation  in  huge  lamins  which 
assume  a  nacreous  aspect  when  dry.  It  is  strongly  attached  by  Aiming  nitric  add, 
forming  a  nitro-acid. 

C^".    Syn,  with  Noktudib  (p.  134). 

C»H««0«  -  ^h'^|0.   (Redtenbacher  [1846],  Ann. 

Ch.  Pharm.  lix.  62.— Pless,  ibid,  bx  54.— Gerhardt,  Ann.  Ch.  Phys.  \Z\  xxiv.  107, 
— C ah  ours,  Compt.  rend.  zzyL  262. — Chiozsa^  Ann.  Gh.  Phys.  [3]  zzziz.  207). — 
This  acid  exists  in  the  volatile  oil  of  Petofi^onttfrnroMum.  1.  It  is  produced,  to||^ther  with 
several  other  volatile  adds,  in  the  distillation  of  choloidio  and  of  oleic  add  (p.  193), 
with  nitric  add  (Bedtenbacher). — 2.  In  the  oxidation  of  oil  of  rue  by  nitric  acid 
(Gerhard  t  and  Cahours). — 3.  A  small  quantity  of  pelaigonic  add  is  formed  together 
with  many  other  volatile  adds,  in  the  putrefaction  of  yeasL  (W.  MuUer,  J.  pr. 
Chem.  Ixx.  66  ;  O.  Hesse,  ibid.  Ixxi.  472.) 

Pnparaiicyfu  From  oil  of  me. — ^When  1  pt.  of  oil  of  rue  is  gently  heated  with  1  pt. 
of  commercial  nitric  add  and  2  pts.  of  water,  an  action  sets  in,  violent  at  first  and  con- 
tinuing for  a  quarter  or  half  an  hour,  even  after  the  fire  has  been  removed.  The  liquid 
is  then  boiled  and  cohobated  repeatedly,  till  scarcely  any  red  fumes  are  evolved ;  the 
layer  of  oil  is  decanted,  washed  with  water,  and  treated  with  aqueous  potash,  where- 
upon some  non-add  oil  of  a  very  acrid  odour  is  separated ;  the  aJkaline  solution  is  de- 
composed by  sulphuric  add ;  and  the  oily  acid  wnich  separates,  and  is  contaminated 
with  resin  and  colouring  matters,  is  collected  and  rectified.  The  distillate  is  neutralised 
with  baryta,  freed  from  excess  of  baryta  by  cold  water,  dissolved  in  boiling  ^oohol, 
then  filtered  and  cooled  to  the  crystallising  point.  Pelargonate  of  barium  then  crystal- 
lises out  (Uie  mother-Uquor  sometimes  retains  caprate  of  barium) ;  and  this  salt  decom- 
posed by  dilute  sulphuric  add  yields  peUrgonic  add,  as  an  oil  floating  on  the  surfisoe 
(Gerhardt).  Owing  to  certain  drcumstances  not  ascertained,  a  compoimd  of  nitric 
oxide  with  pelargonic  add  is  sometimes  obtained  in  this  process.    (Chiozza.) 

From  the  hloaaom  and  herb  of  Pelargonium  roeeum. — The  herb  is  distilled  with  water; 
the  distillate  saturated  with  baryta ;  the  neutral  oil  distilled  off;  and  the  reddue  evapo- 
rated to  dryness  and  exhausted  with  boiling  alcohol,  which  takes  up  pelargonate  of 
barium.    (Fless.) 

Properties. — Pelargonic  add  is  a  colourless  oil  (greasy  accordinff  to  Red  tenbach  er) 
which  solidifies  in  the  cold,  melting  afterwards  at  10^.  Smells  sughtly  of  butyric  add. 
Boils  at  260^ ;  in  a  stream  of  carbonic  anhydride  it  distils  undeoomposed  and  colour- 
less (Cahours).    It  is  slightly  soluble  in  water,  very  soluble  in  alcohol  and  ether. 

IkeamponiioM. — 1.  Pelargonic  add  becomes  yellow  by  keying  (Cahours). — 
2.  When  1  pt.  of  pelargonic  add  is  intimately  mixed  with  4  pts.  of  potask^tme^  and 
gradually  raised  to  a  red  heat  in  a  coated  retort,  much  gas  escapes,  a  dear,  amber- 
yellow,  ttdn  liquid  passes  over,  and  the  alkali,  partly  combined  with  carbonic  add,  re- 
mains behind.  Bromine  absorbs  the  greater  part  of  the  gas,  composed  of  ethylene, 
tritylene  and  tetrylene ;  the  uncondensed  portion  bums  with  a  very  fiunt  flame,  and  is 
a  mixture  of  hydrogen  and  marsh-gas.  The  liquid,  during  rectification,  begins  to  boil 
at  105^  to  166^ ;  up  to  110°  hexylene  passes  over;  the  remainder  between  135°  and 
140°  (Cahours). — 3.  The  add  is  resolved  by  the  dry  distillation  of  its  barium-salt 
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into  carbonic  anhTdride  and  peljirgone  (Cahours). — 4.  It  i«  vioUntlj  aeted  apon 
by  pefUaoMoride  of  pkoiphorttt,  eyolviag  hjdzochlorie  add  and  fonniog  ozyddoride  of 
phoBphoms  and  chloride  of  pelargyl.    (G  a  n  o  n  r  s. ) 

Pdargonate  of  Ammonium  is  ciystalline  (Cahours).  Pelarsonic  acid  suspended 
in  ammonia  and  heated  forms  a  transparent  jelly,  resembling  geLitinous  silica.  This 
jelly  dissolves  when  heated  with  a  huger  quantity  of  water,  and  forms  a  milky  liquid, 
resembling  a  solution  of  soap^  and  con^aling  in  the  eold  to  a  pap-Uke  jelly.  The  salt 
dissolTes  veiy  readily  in  cold  alcohol  (Gerhardt).  The potastiuo^  and  sodium-suU^ 
are  readily  soluble  and  crystallisable.    (Cahoura) 

PdargonaU  of  Barium,  C^*R^BaO\  prepared  as  above,  forms  white  scales,  having 
a  pearly  lustre  (Gerhardt);  larj^lamins  resembling  choleeterin  (Redtenbacher). 
Contains  no  water  of  oystulisation.  Dissolves  but  sparingly  in  cold,  somewhat  more 
in  hot  water  (Gerhardt);  dissolves  in  water  less  readily  than  the  similarly  crys- 
tallising valerate  and  cenanthylate  of  barium,  but  more  reaclily  than  the  caprate.  It 
dissolves  with  difficulty  in  alcohol  (Bedtenbacher).  The  calcium-  and  Mironiium- 
salts  crystallise  from  aloobol  in  P^Arly  scales,  sparinely  soluble  in  water. 

Pelargonate  of  Copper,  C"H**Cu'0*,  is  obtained  by  precipitating  the  alcoholic  am- 
monium-salt with  aqueous  nitrate  of  copper.  The  abundant  greenish-blue  precipitate 
dissolves  in  boiling  alcohol,  and  on  evaporation  yields  drops  of  a  green  oil  whidt 
solidify  on  cooling  and  when  dissolved  in  boiling  alcohol  crystallise  in  greenish-blue 
gndns  as  the  Hqnid  eooU.  It  retains  2  at  water  at  100%  and  in  that  state  gives  by 
analysis  15*45  per  cent  of  copper  (calc.  15'38). 

Peiargonate  of  8Uver,  C*H"AgO*,  is  obtcuned  by  precipitating  the  hot  aqueous 
solution  of  the  barium-salt  with  nitrate  of  silver.  Analysis  40*7 — 41*16  per  cent, 
silver— calc  40*75  per  cent 

Peiargonate  of  Ethyl.  C"H«0«  -  C»H»'(C^»)0«.  Pelofgonie  etker^-^ 
Produced  from  chloride  of  pelargyl  and  alcohol;  also  by  passing  dry  hydrochloric 
acid  gas  through  alcoholic  pelargonic  acid,  whereupon  tiie  ethar  separates  as  a 
yellow  oil,  which  is  to  be  washed  successively  with  sodie  carbonate  ana  water,  then 
dried  over  chloride  of  caleinm  and  rectified.  When  thus  purified  it  forms  a  ct^ourless 
oil  of  spedfifi  gravity  0*86,  boiling  between  216^  and  218^.  By  boiling  with  potash 
it  is  resolved  into  alcohol  and  peiargonate  of  potassium.  The  soH^illed  otnantluc  ether 
(p.  174)  is  probably  the  same  compound. 

Pa&ASOOVZO  AraraSBDB.  C>*H*«0*  -  {C^^^0>^,^ Anhydrous Pelar- 
gonic  acid,  Pelarpomc peiargonate^  (Cahours,  Ann.  Ch.  Phys.  [31  xzxiz.  207.) — Ob- 
tained by  the  action  of  ozychloride  of  phosphorus  on  peiargonate  of  barium.  Colourless 
oil,  lighter  than  water,  solidifyinff  at  0^  to  a  mass  or  fine  needles,  which  melts  at  5^. 
SmelU  slightly  rancid  in  the  eold,  but  vinous  and  aromatic  when  mixed  with  hot 
aqueous  vapour.  Heated  on  glass,  it  evolves  acrid  ftunes  and  the  odour  of  burnt  fat 
It  is  very  uowly  transformed  into  pelargonic  acid  by  water;  by  aqueous  alkalis  less 
easily  than  caprylie  anhydride. 

Bcnsopelargonie Anhydride,  C>«H«0»-  j^^Ioj O.    Already  described  (L  658)l 

ra&ASOOVSO  WTWaatm    See  Pblaroonatb  of  Etsyl  (supra).  * 

FSbABOTXto    CH'^O.— The  radide  of  pelargonic  acid,  &c. 

Chloride  of  Pelargyl,  C*H"0C1,  is  obtained  by  the  action  of  pentachloride  of  phos.- 
phorus  on  pelargonic  acid.  After  rectification  it  forms  a  colourless  liquid  heavier  than 
water,  having  a  sufibcating  odour,  giving  off  dense  fames  on  exposure  to  the  air,  and 
boiling  at  220°.  In  contact  with  idcohm  it  becomes  stxon^y  heated,  and  forms  peiar- 
gonate of  ethyL    (Cahours,  loc.  cit.) 

9MMbWM  IfAlW.    A  capillary  variety  of  obsidian  from  Hawaii  (p.  170). 

FB&IOAVXTB*  A  variety  of  dmolite  (i.  985)  from  the  decomposed  granite  of 
Kiew  in  Russia. 

va&IOlC  A  8m<^-blue  variety  of  dichroito  from  Bodenmais  in  Bavaria 
(ii.  320). 

PMXJfcUTMl M  Mt  A  base  formed,  according  to  Bodeker,  firom  hydrated  pelosine, 
bv  contact  with  air  and  light  *  On  treating  the  yellow  product  with  alcohol,  peUuteine 
dissolves  and  separates  on  cooling  in  brownish-yellow  flocks,  containing  (at  110*^)  73*9 
per  cent  carbon,  6-2  hydrogen,  and  3*8  nitrogen,  agreeing  approximately  with  the 
formula  C"H'*NO*.  The  chloroplaiinaie  is  a  precipitate  containing  from  17*7  to  18-0 
per  cent  platinum. 

ra&OCO H  1T&  A  variety  of  cupreous  manganese  (iiL  814),  having  a  liver- 
brown  streak. 

See  NioBiiTM  (p.  48). 
Of  CiuampdiM.  C>*H*>KO*.  (Wiggers,  Ann.  Ch.  Pharm.  xxvii  29 ; 
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xzxJii.  81.  Bodeker,  Izix.  63.) — ^An  alkaloid  contained  in  the  root  of  PartiTa  hroffo, 
commonly  attributed  to  Ciuampdos  pareira,  L.,  a  shrabby  meninpermaceoiiB  plant, 
gro?riDg  duedSy  on  the  woody  hiUs  of.  the  Antilles.  It  is  obtained  by  exhausting  th« 
root  with  dUate  snlphnrie  acid,  precipitating  with  carbonate  of  sodium  (not  in  excessl 
dissolving  the  precipitate  in  ether,  and  evaporating.  Pareira  root  yields  firom  ^  to  ^ 
of  its  weight  of  pelosine. 

Pelosine  obtamed  as  above  forms  an  amorphous  transparent  vamish.  On  adding 
water  to  the  ethereal  solution,  and  expelling  the  ether  by  distillation,  it  separates  as  a 
white  pulTemlent  hydrate,  which  gives  off  its  water  at  100°,  and  leaves  a  residue 
soluble  in  alcohol  and  ether.  Pelosine  is  insoluble  in  water,  unciTstallisable^  inodorous, 
but  has  a  sweetish  bitter  taste.  It  blues  reddened  litmus.  When  dried  at  120°  it 
contains  71*0  to  72*0  per  cent,  carbon,  7*2  to  7*0  hydrogen,  and  4*7  nitrogen,  agreeing 
nearly  with  the  above  formula  (calc  72*2  carbon,  7*0  hydrogen,  4*7  nitrogen,  and  16*1 
oxygen),  which  is  the  same  as  that  of  codeine.  According  to  fiodeker,  hydrated  pelosine 
contains  8*21  per  cent,  water. 

Pelosine  undergoes  alteration  in  contact  with  the  air,  especially  under  the  influence 
of  heat  and  moisture.    It  is  resinised  by  moderately  strong  nitric  add. 

The  s€Ut8  of  pelosine  are  for  the  most  part  very  soluble  and  difficult  to  crystallisei. 
The  solutions  give  precipitates  with  aunc  and  platinic  chlorides.  The  kydrocklorate, 
C*'H**N0'.HC3.H'0,  is  best  prepared  by  passmg  dry  hydrochloric  add  gas  into  a 
solution  of  pelosine  (praviously  dried  at  120°)  in  absolute  ether.  The  tmh  is  then 
deposited  in  white  flodEs,  which  must  be  washed  with  the  same  liquid.  When  dried  it 
forms  an  amorphous,  very  hygrometric  powder,  venr  soluble  in  water  and  in  alcohoL 
The  solution  leaves  a  vamish  when  evaporated.  Tne  salt  dried  at  110°  is  anhydrous. 
The  cMoroplaHnate  2(C»»H"N0«.HCl).Ft»'Cl«  (at  110°)  is  a  pale  yeUow,  amorphous, 
stronely  electric  prodpitate.  The  ckromaU,  C^*H'>NO'.Cr'<H*O^H''0  (?)  is  a  yellow 
f  occment  predpitate  which  turns  brown  during  washing,  and  when  heated  a  few 
degrees  above  100°,  decomposes  suddenly,  giving  off  chinoline  (?)  and  phenylio 
alcohoL 

9VKOATMTMm  A  variety  of  hydrodolomite,  found  on  Vesuvius,  and  at  P^azzo 
in  South  Tyrol  Spedfic  gravity  2*634  to  2*618.  Contains  26*7  to  29*8  per  cent, 
carbonic  anhydride,  36*86  to  86*7  lime,  24*9  to  28*8  magiesia,  and  16*6  to  10*7  water, 
agreeing  approximately  with  the  formula  Ca^GO'.Mg'fi'O'.  (Both,  J.  pr.  Chem. 
zxxvi.  304.    I)  am  our.  Bull,  geolog.  [2]  iv.  1062.)  . 

VSirOBA^vr AS  BTAIKBI.  The  hairy  stem  of  an  East  Indian  fern,  Cibotium 
Cuminffii  (i.  962),  used  for  arresting  hsmozrhage. 

A  variety  of  chlorite  from  Zermatt  in  the  YaLus  (i.  918). 

Syn.  with  Htdboniokxlmaomssitb  (iii.  212). 

?JLm    A  prefix  denoting  that  a  compound  contains  6  atoms  of  the  element 
specified :  e.g.  pentachloride  of  pioephorus,  PCf» ;  pentackhraeetone^  OTLCiK), 

VBMTACWbOmOXT&nr    or    »BMYAOH&OmOZT&Q«B.     One  of    the 

products  obtained,  according  to  Gornp-Besanee,  by  the  action  of  hypochlorous  add  on 
creosote  (ii.  106). 

PBMTASU&FBOPTmOPBOSVBATa    09    BT8T&.     See     Sulfbophos- 

VEOBIO  EtHBBS. 

A&OOBOIto    See  Ethtlbni,  Htdbatbs  of  (ii.  677). 
See  SuLFHUs,  Oxtokk-acxds  of. 

A  mineral  from  Ramsberg  in  Sweden,  having  the  composition  of 
a  hydrous  dichroite  (ii.  320).  Specific  gravity  2*68  to  2*76.  Contains  46*95  per  cent 
silica,  30-61  alumina,  6*77  ferrous  oxide,  7*99  magnesia,  0*60  lime,  and  8*30  water. 
(Carlsson,  Kongl.  Vet.  Acad.  Forh.  1867,  p.  241.) 

9MBBTM.  (Schwann,  HiilWs Arch.  l886.~Wasmann, Dissert  1839.  Lehm. 
Phys.  Ch.  ii.  40.— Briicke,  Wien.  Acad.  Ber.  xliii.  601.--Schmidt,  Ann.  Ch. 
Pharm.  Ixi.  22.) — The  "  active  prindple  "  or  digestive  "  ferment "  of  gastric  juice.  The 
name  was  first  used  by  Schwann.  He  precipitated  gastric  juice  or  acid  mfiision  of 
stomach  with  mercuric  chloride,  suspended  the  predpitate  in  water,  and  got  rid  of  the 
mereuxy  by  sulphuretted  hydrogen.  The  liquid  thus  obtained  veiy  speedily  dissolved  or 
digested  albnmen,  &c.,  at  a  blood-heat ;  and  Wasmann  showed  that  from  it  could  be 
predpitated  by  alcohol  a  substance  which,  when  redissolved  in  dilute  adds,  exhibited 
the  same  digestive  powers,  and  to  which  the  name  of  pepsin  was  given.  Pepsin,  thus 
prepared,  was  from  its  reactions  judged  to  be  a  protein-body.  But  Mulder  obtained 
artificial  digestive  fluids,  free  from  proteic  reactions,  and  quite  recently  Briicke  has 
been  able  to  prepare  pepdn  in  a  state  of  greater  purity.  An  infusion  of  the  glandular 
layer  of  the  stomach,  niade  with  dilute  tribasic  phosphoric  add,  is  flltered  and  neur 
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tralifled  with  lime-water.  The  bulky  precipitate  of  calcic  phoephate,  which  carries 
down  with  it  mechanicallj  the  greater  part  of  the  pepsin,  is  collected,  washed,  pressed, 
and  treated  with  dilute  hydrochloric  acid.  The  solution  is  again  precipitated  by 
lime-water,  and  the  deposit  again  dissolved  in  dilufce  acid.  To  this  second  solution  is 
gradually  added,  by  means  of  a  long  filter  reaching  down  to  the  bottom  of  the  Tessel, 
a  saturated  solution  of  cholesterin  in  a  mixture  of  1  part  ether  and  4  alcohol,  and  the 
whole  is  well  shaken.  The  cholesterin,  with  the  mechanically  entangled  pepsin,  is 
separated  by  filtration,  well  washed,  and  treated  with  ether.  The  ether,  holdmg  the 
cholesterin  in  solution,  is  then  poured  oS,  and  the  remaining  liquid  filtered.  The 
filtrate  which,  when  feebly  acidified,  acts  very  energetically  on  protein-bodies,  gives 
no  precipitate  with  mineral  acids,  tannin,  or  mercuric  chloride,  iod  only  a  turbidity 
with  the  acetates  of  lead.  It  gives  no  xanthoproteic  reaction,  and  is  not  coloured  by 
sulphuric  acid  and  sugar,  or  by  strong  hydrocnloric  acid.  Pepsin  appears,  therefore, 
not  to  be  a  protein  b(Sy ;  that  of  previous  writers  evidently  contained  other  substances 
beside  the  actual  "ferment"  itself. 

Pepsin  is  only  active  in  a  dilute  acid  solution.  It  is  apparently  more  active  in 
oonjunction  with  hydrochloric  than  with  lactic  or  other  acids.  A  too  high  or  too  low 
degree  of  acidity  is  injurious,  0*08 — 0*2  per  cent  of  hydrochloric  acid  being  about  the 
most  suitable.  NeutraUsation  suspends,  without^  destroying,  the  action  of  a  dilute 
acid  solution.    Strong  alkalis  seem,  however,  to  ii\jure  pepsin. 

The  temperature  l^t  suited  for  the  action  of  pepsin  is  that  of  the  body.  According 
to  Brinton,  the  pcuiicular  degree  varies  with  the  individual  temperature  of  the 
animal,  the  pepsin  of  fishes  being  inert  at  the  temperature  of  the  mammalian  body. 
In  general,  temperatures  above  that  of  the  body  are  xi^jurious ;  those  below  retard  the 
action.    A  solution  of  pepsin  is  completely  deprived  of  its  eneigy  b^  boiling. 

Pepein  i^ppean  not  to  be  used  up  or  consumed  during  digestion ;  that  which  is 
poured  into  the  alimentary  canal  during  digestion  passes  out  in  part  by  the  urine  after 
It  has  done  its  work,  and  may  be  recovered  from  tnat  fluid.  iGriicke  found  it  also 
in  flesh. 

The  modua  operandi  of  pepfdn  is  unknown.  It  is  usually  called  a  "  ferment,*'  but 
some  other  name  seems  to  be  needed  to  distinguish  its  action  firom  such  a  process  as 
vinous  fermentation.  The  theoiy  that  ^  the  action  of  gastric  juice  is  a  transfer  to 
albumin,  &&,  of  a  molecular  change  going  on  in  the  gastric  juice,  pepsin  and  peptone 
being  essentially  analogous  to  each  other  m  properties,"  is  <£stinctly  negatived  ijy  the 
fact  of  pepsin  not  beinff  a  protein-compound ;  and  we  may  infer,  irom  pepsin  not 
being  used  up  in  digestion,  and  from  its  possessing  in  itself  no  great  proneness  to 
change,  that  any  "  energy  "  which  is  concerned  in  peptonification  does  not  come  from 
the  pepsin  itself. 

Pepsin,  as  secreted  in  the  so-called  peptic  glands  of  the  stomach,  ia  neutral ;  the 
secretion  becomes  acid  in  the  ducts  of  the  g^ds  (Brucke)«  Schmidt  supposes 
that  pepsin  and  hydrochloric  acid  unite  to  form  a  compound  acid,  the  chloro-hydro- 
pepsic  acid. 

The  action  of  pepsin  is  hindered  by  the  presence  of  peptones.  Hence,  when  portions 
of  albamin,  &C.,  are  successively  added  to  a  given  quantity  of  solution  of  pepsin,  the 
process  of  digestion  is  at  last  arrested.  The  Edition  of  fresh  dilate  add  will,  however, 
renew  it. 

A  preparation  has  become  an  article  of  pharmacy  under  the  name  of  pepsin.  It  is 
obtained  by  drying  the  glandular  layer  of  pig^s  or  calf  s  stomach  at  low  temperatures. 

M.  F. 

FBVTOjras.  (Lehmann,  Lehrb.  i.  318.— Brfleke^'Wlen.  Acad.  Ber.  xxxvii. 
131.— Meissner,  Zeitschr.  Rat.  Med.  vii.  1,  viii  280,  x,  1,  xii.  46,  xiv.  78,  303.) 
—Derivatives  of  the  protein-bodies  arising  during  the  process  of  digestion;  albumi- 
nose  of  Mialhe.  According  to  Lehmann  and  Mulder,  the  peptones  are  white 
amorphous  bodies,  insoluble  in  alcohol  but  readily  soluble  in  water,  the  solution 
reddening  litmus.  They  form  soluble  neutral  compounds  with  alkaline  and  earthy 
bases.  The  feebly  add  solutions  are  not  eoag^ted  by  boiliiig,  not  predpitated  l^ 
alcohol,  mineral  adds,  carbonate  of  ammonium,  sulphate  of  sodium,  neutral  acetate  of 
lead,  or  ferrocyanide  of  potaadum,  but  by  tannin  and  mercuric  chloride.  ^  They  turn 
the  plane  of  polarisation  to  the  left^  and  give  MiUon's  and  the  xanthoprotdc  reaction. 

Meissner's  account  of  these  bodies  is  as  follows.  When  the  opalescent  fluid 
resulting  from  the  digestion  of  coagulated  albumin  with  pepdn  and  hydrochloric  add  of 
0*1—0*2  percent  strength,  is  flltered  and  carefhlly  neutnlised,  a  white  flaky  precipitate 
is  thrown  down,  which  may  be  separated  by  filtration,  leaving  the  rest  of  the  liquid 
perfectly  clear.  The  add  solutions  resultiuff  from  the  digestion  of  casein,  musclei> 
fibre,  and  blood-fibrin,  give,  when  neutraliseid,  a  similar  precipitate  which  Meissner 
caUs  parapeptone.  Whm  the  dear  neutral  fluid  remaining  after  the  separation  of 
the  parapeptone  is  carefriUy  acidified,  so  that  the  amount  of  free  acid  is  very  small,  a 
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second  precipitate  is  formed,  which  also  may  be  removed  by  filtratioD,  and  to  which 
the  name  of  metapeptone  has  been  giyen(onIy  a  yerj  small  qoantitT  of  this  body 
(Ban  be  obtained  by  the  digestion  of  albumin).  The  filtrate  contains  me  peptones. 
When  fibrin  or  casein  is  exposed  to  artificial  digestion,  the  whole  is  not  dissolred, 
however  long  the  process  may  be  carried  on ;  a  flaky  precipitate  is  always  formed, 
and  this  Meissner  calls  dyspeptone.  Besides  these  bodies  the  solutions  always 
contain  various  saline,  &tty,  and  extractive  bodies,  in  spite  of  the  most  careAil  dearing 
of  the  original  pzotein-substanees.  Meissner  describes  the  peptone  of  albumin  as  ^ving 
Lehmann  B  reactions,  but  states  that  the  peptone  of  musde-fibre  is  also  predpitated 
by  alcohol,  the  nitrates  of  mercury  and  silver,  ferrocyanide  of  potassiiim,  and  basic 
acetate  of  lead.  He  further  believes  that  the  peptone  of  fibrin  is  a  mixture  of  three 
bodies; — a.  peptone  precipitated  by  concentrated  nitric  acid  and  by  ferrocyanide  of 
potassium  in  the  presence  of  a  small  quantity  of  acetic  aeid ;  b,  peptone  pieoipitated 
by  ferrocyanide  of  potassium  onl^  in  the  presence  of  much  acetic  acid,  and  not  at  all 
by  nitric  acid ;  c.  peptone  precipitated  by  neither. 

Parapeptono  (from  albumin^  is  insoluble  in  water,  but  very  soluble  in  dilute  adds 
and  alkalis,  from  its  solutions  m  which  it  may  be  predpitated  by  a  mixture  of  alcohol 
and  ether  (but  not  by  alcohol  alone)^  also  by  tannic  add,  basic  acetate  of  lead,  and  meieo- 
ric  chloride.  From  its  add  solutions,  it  is  predpitated  by  concentrated  sdutionsof  the 
neutral  alkaline  salts,  and  from  its  acetic  add  solution  by  ferrocyanide  of  potasdum. 
It  gives  Millon's  reaction.  The  parapeptones  of  fibrin  and  musde-fibre  are  dmilar  to 
that  uf  albumin.  That  of  casein  is  distinguished  by  the  predpitate  formed  by  neutral 
alkaline  salts,  being  soluble  in  excess  of  the  reagent.  Inasmudi  as  pampeptone 
appears  at  every  stage  of  the  (artifidal)  digestion  of  protdn^bodies,  increasing  in 
amount  as  the  process  continues;  and  dnce  it  cannot  bv  the  action  of  pepsin  be 
converted  intopeptone,  Meissner  regards  it  as  a  distinct  final  product^  and  not  as  a 
mere  stage.  He  believes  that  pancreatic  juice  has  the  power,  which  gastric  juiee  haa 
not,  of  conyerting  it  into  peptone.  The  bodies  he  has  <sUed  meta-  and  dyspeptone  he 
considers  as  mere  temporary  modifications  of  peptone  and  parapeptone. 

Briicke,  on  the  other  hand,  asserts  that  parapeptone  is  easily  converted  into 
peptone,  is  not  in  any  sense  a  final  product,  and  condders  its  precipitation  fh>m  the 
original  opalescent  fluid  by  a  neutral  salt  or  by  neutralisation,  to  be  a  mechanical 
rather  than  a  chemical  process.  Others  hold  parapeptone  to  be  identical  with  syntonin. 

The  peptones  cannot  be  produced  by  the  action  of  dilute  mineral  adds,  in  the 
absence  of  pepsin,  at  the  temperature  of  the  body,  but  the  change  may  be  brought 
about  by  prolonged  boiling  either  with  dilute  acids  or  with  distilled  water.  The 
action  of  ozone  abo  gives  nse  to  similar  products  (Gor up -Besanez).  Thiry  gives 
the  elementary  composition  of  parapeptone  as  C  51'34,  H  7*26,  N  16-18,  S  2*12, 
0(+P)  23*11;  of  peptone  (obtained  by  prolonged  boiling  wiUi  distilled  water) 
G  50-87,  H  703,  N  16*34,  S  1-64,  0( -i-P)  24-12,  that  of  the  albumin  used  for  the 
experiments  and  prepared  by  neutralising  a  solution  of  white  of  egg  in  dilute  hydro- 
chloric add  of  0-2  per  cent,  strength,  being  C  51*37,  H  7*13,  N  16*00,  8  2-12,  0( +  P) 
23*38. 

The  protein-bodies  from  the  vegetable  kingdom  are  in  a  similar  way  dianged  by 
the  action  of  pepsin  into  peptones  (and  parap^one).  Gelatin  appears  to  be  merely 
dissolved  by  the  add  of  gastric  juice,  not  converted  into  peptones ;  chondrin  is  spht 
up  into  a  peculiar  sugar  (cartilage-sugar)  and  a  nitrogenous  body  resembling  gdatin. 
(Meissner.)  M.F. 


VSX.  A  prefix  used,  for  the  most  part^  to  denote  that  the  compound  to  which  it 
belongs  is  the  highest  of  a  certain  series :  e.ff.  perchloride  of  phosphorus  PCI*,  per- 
oxide of  manganese  MnO*.  The  term  peroxide  was  formerly  restricted  to  oxides  like 
MnO'  and  PbO*,  which  give  up  a  certain  portion  of  their  oxygen  when  treated  with 
adds,  and  form  salts  corresponding  to  lower  oxides ;  but  this  use  of  the  word  is  now 
nearly  obsolete. 

PBKSBOBno  AOXB.  BrHO*.  (^Kammerer,  J.  pr.  Chem.  xc  190;  Bull 
Soc  Ghim.  1863,  i.  129.)— Obtained  by  uie  action  of  bromine  on  perdiloric  add.  On 
evaporating  the  liquid  over  the  water^bath,  perforomic  add  remains  as  a  colourless  oil, 
which  is  not  decomposed  by  hydrochloric,  sulphurous  or  sulphydric  add.  PerbrwntUe 
ofpotasrium  is  obtained  as  a  crystalline  precipitate  on  mixing  concentrated  solutions 
of  perbromic  add  and  caustic  potash  or  duoride  of  potassium :  it  is  more  soluble  than 
perchlorate  of  potassium,  but  Jess  soluble  than  the  biomate. — ^The  barwm-salt  is  very 
soluble  in  boifing  water. — ^The  Hlversalt  is  sparingly  soluble  in  cold,  much  more 
soluble  in  boiling  water,  and  crystalliaes  in  long  needles  on  oooling. 

VaSCB&OXATBB.  MCIO^  or  IVrd'O*,  according  to  the  atomidty  of  the 
metal.  The  general  characters  of  these  salts  have  been  already  described  (see  CHLOitnai, 

OxTGEN-aCIDS  OF,  L  910). 
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PerehloraU  of  Ammonium,  NH^GIO^  tbrnis  transpwent  reetaagalar  prumt 
with  dihedral  snmmits ;  isomozphoiiB  with  the  potaflriam-flailt  (p.  37«»)  \  a  i  h  x  o  » 
0  7926  :  1  :  0-6409.  Angle  ooP  :  qdP  (macr.)  »  76<>  41' ;  Poq  :  P  rbasal)  - 
77^  fiS'  (Kopp).  It  is  soluble  in  6  pts.  water,  somewhat  soluble  also  in  aloonoL  The 
solution  when  evaporated  giyes  off  ftmmonia  and  biomic  acid.  It  is  soluble  in  ezoees 
of  perchloric  add,  and  is  therefore  precipitated  by  the  hitter. 

Pereklorate  of  Barium^  Ba'GlK)*,  obtained  by  saturating  the  add  with  canstio 
baryta  or  baiytic  carbonate,  or  by  decomposing  the  dnc-salt  with  baryta-water,  czystal- 
lises  in  long  deliqueeoent  prisms,  easily  soluble  in  water  and  in  alcohoL  Paper  satu- 
rated with  the  aqueous  solution  bums  with  a  green  flame.    (Serullas.) 

Pereklorate  of  Cadmium.  Cd*Cl*0*.  Deliquescent^  but  crystallises  when  its 
aqueous  solution  is  evaporated  by  heat.    (Serullas.) 

Pereklorate  of  Calcium.  Ga'ClH)*.  Very  deliquescent,  crystallises  in  prisms 
soluble  in  aloohoL    (Serullas.) 

Pereklorate  of  Copper,  Cu^Cl^O*,  form  large  blue  deliquescent  crystals. 

Basic    Pereklorate   of    Cuprammonium.    (N«H«Cu7'Cl«0».2(NH*)H0  « 

Cu"    Kp.^  obtained  by  dissolving  enprie  carbonate  in  perchloric  add,  snpersaturatinff 
(C10«)M" 

with  ammonia,  and  covering  the  solution  with  a  layer  of  alcohol,  forms  dark  blue  non- 
deliquescent  crystals  which  crumble  to  a  green  powder  on  exposure  to  the  air.  The 
concentrated  aqueous  solution  is  completely  decomposed  by  boiling  into  free  ammonia, 
perchlorate  of  ammonium,  and  black  oxide  of  copper.  (Boscoe,  Ami.  Ch.  Pluuan. 
cxxL  346.) 

Peroklorates  of  Iron. — The  ferrous  salt,  Fe"ClK)*,  obtained  hr  predpitating 
ferrous  sulphate  with  perchlorate  of  barium,  forms  long  colourless  needles  which  may 
be  exposed  to  the  air  for  some  time  without  decomposing^  but  ultimately  turn  yellow 
from  formation  of  basic  salt  (Serullas).  By  dissolving  metallic  iron  in  dilute  nydro- 
chloric  add,  the  salt  is  obtained  in  small,  ^enish-white,  Tery  ddiqueseent  crystals, 
containing  Fe''GlK>*.6H'0,  which  do  not  give  off  their  water  dther  in  vacuo  over 
oil  of  vitriol  or  at  100®,  but  decompose  at  Mgher  temperatures  (Aoscoe).  The  ferric 
salt  is  not  known. 

Pereklorates  of  Lead. — ^A  solution  of  lead-oxide  in  aqueous  perchloric  add 
yields  by  spontaneous  evaporation,  a  mass  of  indistinct  spicular  crystals  of  the  neutral 
salt  ^PhXl^CSHK),  according  to  Boscoe),  easily  soluble  in  water,  and  having  a 
sweetish  astringent  raste.  The  crystals  do  not  give  off  their  water  in  vacuo  or  at  100® 
(Boscoe).  On  boiling  the  concentrated  solution  with  a  lam  excess  of  lead-carbonate, 
and  evaporatinff,  indirtinct  lustreless  crystals  are  obtained,  which  are  resolved  by 
water  into  a  somble  and  an  insoluble  portion ;  and  the  solution  thus  olitained  yields  on 
evaporation  a  haste  salt,  Fb''ClK>*.Pb'^0*,  in  ciystals  of  two  different  forms,  one  of 
which  becomes  dull  when  taken  out  of  the  liquid,  while  the  other  remains  bright  and 
transparent.  (Marignac,  Beeherekes  sur  les  formes  crystallines,  ftc,  Qtnkre,  1836, 
p.  36.) 

Pereklorate  of  Manganese.  Mn'^ClK)*. — ^Deliquescent,  soluble  in  alcohol,  not 
ciystallisable. 

Pereklorates  of  Mercury. — The  mereurous  salt,  Hg'C10*.8H"0  (Boscoe), 
crystallisee  in  small  concentric  needles  which  do  not  alter  on  exposure  to  the  air  at 
ordinary  temperatures  (Serullas),  and  do  not  ^ve  off  their  water  m  vacuo  or  at  100^ 
(Boscoe).  The  mercuHesalt,  Hg^Gl^O*,  crystallises  when  evaporated  by  heat,  in  colour- 
less, rectangular,  very  deliquescent  prisms^  which  dissolve  in  alcohol,  leaving  a  white 
substance  which  turns  red  durins  nitration,  and  consists  mainly  of  mercuric  oxide. 
The  liquid  filtered  from  this  precipitate  yields  on  evaporation  a  miztura  of  meicurous 
and  mercuric  oxide.    (Serullas.) 

Pereklorate  of  Potassium,  KC10^ — ^This  salt  is  produced  bythedeoompodtion 
of  the  chlorate :  1.  Chlorate  of  potasdum  is  kept  in  a  state  of  ftision  till  it  begins  to 
assume  a  pasty  condition,  or  till  about  four  litres  of  oxygen  gas  have  been  given  off 
for  every  thirty  grammes  of  the  salt.  The  residue  then  consists  of  a  mixture  of  per- 
chlorate and  chloride  of  potassium: 

2Kcio»     -     Kao«    +    Ka    +    0«. 

If  it  still  contains  undecomposed  dilorate,  a  sample  treated  with  hydrodiloric  add  will 
exhibit  a  yellow  colour ;  in  this  case  the  heating  must  be  prolonged.  On  dissolving 
the  reddual  saline  mass  in  the  smallest  posdble  quantity  of  boiling  water,  and  leaving 
the  solution  to  cool,  perchlorate  of  potassium  separates  in  small  shining  crystals  which 
may  be  freed  from  chloride  by  recrystallisation. 
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2.  ^Chlorate  of  potMBium  is  fiised  at  a  gentle  heat»  then  introdaced  in  as  lai^ge  pieces 
as  possible  into  a  retort,  and  eoyered  with  three  and  a-half  to  four  times  its  weight  of 
strong  sulphuric  acid.  The  previous  fusion  of  the  salt  is  necessary,  to  diminish  the 
numl^r  of  points  of  contact  with  the  acid,  and  thus  to  moderate  the  action,  which  might 
otherwise  become  so  rapid  as  to  cause  a  dangerous  explosion.  As  soon  as  the  mass 
has  ceased  to  ffive  off  a  yellow  gas,  the  retort  must  be  plunged  into  water  heated  not 
aboTe  60^,  and  to  such  a  depth  as  to  warm  only  the  saline  mixture,  not  the  gas  above 
it.  The  saline  mass  becomes  colourless  after  a  while,  and  then  consists  of  a  mixture  of 
acid  sulphate  and  perchlorate  of  potassium,  the  latter  of  which  may  bo  czystallised  from 
boiling  water  and  purified  by  recrystallisation  as  before. 

3.  Perchlorate  of  potassium  may  also  be  obtained  by  heating  the  chlorate  with  strong 
nitric  acid  (Penny,  J.  pr.  Chem.  xxiii.  296). — i.  By  dectrolysis  of  the  chlorate  (Sta- 
dion). 

Perchlorate  of  potassium  crystallises  in  limpid  right  rhombic  prisms,  ooP  .  f*ao ,  the 
latter  often  predominant ;  also  with  oP  and  other  faces.  Ratio  of  axes  a:  b  :  c  « 
0*7817  :  1 :  0*6408.  Angle  ocP  :  ooP  in  the  macrodiagonal  principal  section  a  76<'2', 
Poo  :  ^00  (basal)  «  78^  41'  (Kopp).  The  crystals  are  anhydrous  but  contain  a  little 
decrepitation-water.  The  salt  has  a  slight  taste  like  that  of  the  chloride,  dissoWee  in 
65  pts.  water  at  15°,  in  a  much  smaller  quantity  of  boiling  water,  and  is  insoluble  or 
Teiy  sparingly  soluble  in  alcohol  (SeruUas).  According  toRoscoe,itisa8  soluble 
in  absolute  alcohol  as  carbonate  of  barium  in  water,  but  in  alcohol  oontainipg  a  small 
quantity  of  acetate  of  potassium  it  is  absolutely  insoluble.  When  heated  above  400^ 
it  is  resolved  into  oxygen  and  chloride  of  potassiuuL  It  deflagrates  slightly  on  red-hot 
coals.  In  consequence  of  the  sparingly  solubility  of  this  salt  in  water,  perchloric  acid 
forms  a  precipitate  in  the  solutions  of  nearly  all  potassium-salts,  even  of  alum  and 
tartar^metio. 

PerehloraU  of  Silver,  AgClO^  does  not  crystallise,  but  forms  a  white  powder 
which  deliquesces  in  the  air  and  is  soluble  in  alcohol.  The  aqueous  solution  turna 
brown  in  sunshine.  The  dry  salt  may  be  fused  without  much  decomposition,  and  solid- 
ifies in  the  crystalline  form  on  cooling ;  but  at  a'  higher  temperature  it  suddenly  gives 
off  oxygen,  and  leaves  chloride  of  silver.    (Serullas.) 

Perchlorate  of  Sodium^  NaClO*,  may  be  prepariBd  by  direct  combination,  or  by 
heating  the  chlorate  with  stron^^  nitric  acid.  It  is  deliquescent^  soluble  in  alcohol,  and 
separates  from  the  solution  in  transparent  lamins  (Serullas);  rhombohedrons 
(Penny). 

Perchlorate  of  Zinc,  Zn^ClK)*,  crystallises  by  evaporation  in  tufts  of  deliquescent 
needles,  soluble  in  alcohol. 

PasCB&OSZC  BTBBB.  CHK^IO^.  EthyUe  Perchlorate.  Perchlorate  of 
Ethyl.  (C lark.  Hare  and  Boyle,  PhU.  Mag.  [3]  xix.  370. — Kuh coe,  Chem.  Soc  J. 
XV.  213.) — ^This  compound  is  best  prepared  by  distilling  a  mixture  of  ethyl-sulphate 
and  perchlorate  of  barium.  An  alcoholic  solution  of  perchlorate  of  silver  treated  with 
ethylic  iodide,  even  at  — 10^,  yields  merely  perchloric  acid  and  ethylic  oxide,  and  on 
bringing  perchloric  acid  in  contact  with  alcohol  or  ether,  a  violent  explosion  generally 
takes  place.  1  at  perchlorate  of  barium  is  rubbed  to  a  fine  powder  with  1  at  czystal- 
lised ethyl-sulphate  of  barium ;  and  a  small  quantitr  of  the  mixture,  not  exceeding  80 
grains  (on  account  of  the  dai^er  of  explosion),  is  introduced  into  a  small  retort  con- 
nected with  a  tube-shaped  receiver  surrounded  with  ice  and  heated  in  an  oil-bath 
provided  with  a  thermometer,  by  means  of  an  Argand  lamp,  which  can  be  quickly 
removed.  A  wooden  screen  with  holes  filled  up  wiu  plates  of  glass  must  be  nlaced 
for  protection  between  the  operator  and  the  retort..  No  action  takes  place  tul  the 
temperature  rises  to  100*^,  and  so  long  as  the  water  (of  crystallisation)  bias  not  passed 
over,  there  is  no  fear  of  explosion.  Out  above  100^,  the  heat  must  be  veiy  slowly 
raised  to  171^»  at  which  temperature  the  distillation  comes  to  an  end : 

C*W*BarSK^  +  BaTOSy^     -     2Ba'^0*  +  2C«H»C10^ 

With  perchlorate  of  potassium  the  (^ration  does  not  succeed ;  neither  can  the  ether 
be  obtained  by  the  use  of  ethyl-sulphuric  acid  instead  of  the  barium-salt. 

The  perchloric  ether  collects  in  the  receiver,  covered  with  a  layer  of  water.  The 
water  is  removed,  without  taking  the  receiver  in  the  hand,  which  might  cause  an  ex- 
■  plosion — by  means  of  a  strip  of  paper  moistened  at  the  end.  To  preserve  the  per- 
chloric ether  without  danger,  it  mav  be  mixed  irith  absolute  alcohol ;  for  a  mixture  of 
1  to  2  parts  absolute  alcohol  with  the  perchloric  ether  obtained  from  1  pt.  ethyl-sul- 
phate of  barium  does  not  explode.  The  pure  ether  may  be  again  separated  from  this 
mixture  by  the  addition  of  an  equal  bulk  of  water  ;  the  separation  is  however  always 
attended  with  loss,  because  the  water  exerts  a  decomposing  action  on  the  ether.  All 
manipulations  with  this  compound  should  be  performea  with  gloves  on  the  hand,  and  a 
mssk  with  thick  eye-glassee before  the  £ace.    (Hare  and  Boyle.) 
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Roscoe  distils  an  iDtimate  mixture  of  equal  weights  (10  grms.)  of  the  two  salts  in 
a  small  retort  heated  in  an  oil-bath,  the  neck  of  the  retort  being  bent  downwards,  and 
passing  into  a  test-tube  containing  a  small  quantity  of  water.  About  2  cub.  cent,  of  an 
oily  liquid  heavier  than  water  then  passes  over  between  140®  and  160°,  and  at  170° 
white  fumes  of  perchloric  acid  are  given  off.  The  oily  distillate  is  purified  by  repeated 
washing  with  water. 

Perchloric  ether  is  a  transparent  and  colourless  liquid,  heavier  than  water,  of  agree- 
able odour,  fuid  sweet,  aftennirds  bitter,  cinnamon-like  taste,  insoluble  in  water,  soluble 
in  ether.  At  100°  it  either  explodes  or  swells  up.  It  is  the  most  violently  explosive 
of  all  known  compounds,  the  explosion  being  induced  by  heat,  friction,  percussion,  and 
often  taking  place  without  any  external  cause.  When  dry  it  explodes  on  being  merely 
poured  from  one  vessel  to  another.  The  least  drop  exploded  on  an  open  porcelain  basin 
crumbles  it  to  powder.  If  the  above-mentioned  mixture  of  perchloric  ether  with 
alcohol  be  poured  into  a  basin  containing  an  equal  quantity  of  water,  the  greater  part 
of  the  hydiated  alcohol  poured  off  from  the  drop  of  perchloric  ether  which  faUs  to  the 
bottom,  and  the  remaining  liquid  thrown  on  a  wet  filter  supported  by  a  wire  funnel, 
so  that  the  watery  liquid  mav  run  off,  the  drop  of  perchloric  ether  which  remains  on 
the  filter  may  be  exploded  by  contact  with  a  hot  body  or  by  the  blow  of  a  hammer. 
Its  solution  in  a  sufficient  quantity  of  alcohol,  however,  bums  away  completely,  when 
set  on  fire,  without  the  least  explosion.     (Hare  and  Boyle.) 

Perchloric  ether  does  not  decompose  when  kept  under  water;  but  undergoes  partial 
decomposition  when  separated  by  water  from  its  alcoholic  solution. — ^AloohoUe  potash 
added  to  the  mixture  of  perchloric  ether  and  alcohol  instantly  produces  complete 
decomposition  of  the  ether,  and  throws  down  a  lai-ger  quantity  of  potassic  per- 
chlorate. 


See     Platixuic,  Cyamwmb    of   (ii. 
268). 

9MMlCM.IMWLOQfJXMQWMm     See  QuDfONS. 

WEMCmEtOmomunTAM*     See  RuBiAK. 

FBmCBXiOXOZ'nrAyBTSAXiIO  A03a>.  See  Oxtkapbthalio  Acid  (p. 
313). 

PBSCTJkZTB.  A  mineral,  crystallised  in  cubes,  from  Sonora  in  Mexico,  con- 
taining, according  to  Percy,  chlorine,  lead  and  copper,  in  the  proportion  0*84  :  2*16  : 

0-77,  whence  he  regards  it  as  PbkJPO.Cu'CPO  JLH).    (PhiL  Mag.  [3]  xxxvLlSl; 
Jahresb.  1850,  p.  763.) 

PBBBIBm.  An  alkaloid  occurring  in  the  bark  of  Pao  Pereira  (VaUeaia 
inedUajj  an  apocyanceous  tree  growing  in  the  Brazilian  forests :  it  possesses  febrifu- 
gal properties.  (Ghoos,  Phann.  Centr.  1839,  p.  610. — Peretti,  Annali  medic  chirurg. 
di  Eoma^  L  fascic.  3.) 

VBKXCIUL83L  Magnesia  with  6  to  8*6  per  cent  ferrous  oxide,  occurring  in  cubes 
on  Monte  Somma,  disseminated  through  ejected  masses  of  a  white  lime-stone,  and  in 
spots  of  clustered  cxystals,  sometimes  with  white  olivine  and  earthy  magnesite. 
(Damour,  Ann.  Min.  [3]  iv.  381. — Scacchi,  J.  pr.  Chem.  xxriii  486.) 

[C&XV.    Syn.  with  Axbtib  (see  Fblspab,  ii  621). 

Syn.  with  Ouviir  (p.  201). 

COSVBOV8  GBT8TAXS.  Crystals  consisting  of  an  envelope  of  one 
mineral  with  a  nucleus  of  another,  the  external  form  of  the  crystal  being  that  of  the 
envelope ;  for  example  at  Arendal  crystals  are  found  having  the  form  of  garnets  and  an 
external  envelope  of  that  minezal,while  the  interior  oonsists  of  calcspar  ( Jahiesb.  1858, 
p.  740;  1861,  p.  965). 

[OSZC  AOXDm    See  loDimi,  Oxtobn-aczds  of  (iii.  307). 

Albite  from  Perth,  Lower  Canada  (see  Fblspab,  iL  622). 
Syn.  with  PBABLsrom  (p.  358). 

Sulphate  of  barium,  used  as  a  water-cobur  pigments 

See  Manqanic  Acids  (iii.  819). 

or  FB&OW8XZTB.    Titanate  of  calcium,  occurring  in  cubes 
and  other  monometric  forms  at  Achmatousk  near  Slatoust  in  the  Ural  (see  Titaxates). 

vsso'^irsxnr.    See  Trdphtlin. 

See  OzTO£N  (pp.  304,  309). 
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^tMATtOWm  (F  a  V r  e,  Compt  rend.  xxxx.  721. — S  c  h  o  1 1  i  n.  Arch.  Phy& 
Hlk.  xi.  73. — ^Fanke,  Molesch.  TJntersuch.  iy.  36.— Lehman  n,  Lehrb.  ii.  326.) — 
Material  passing  away  from  the  body  bj  way  of  the  skin.  According  to  Seqnin,  the 
body  loses  by  skin  and  lungs  18  grains  per  minate,  of  which  11  grains  pass  off  by  the 
skin  and  7  grains  by  the  lungs.  A  lai^ge  portion  leaves  the  body  in  a  state  of  gas  or 
yapour,  constituting  what  is  called  the  *' insensible "  perspiration.  This  consists 
mainly  of  watery  yapour,  the  amount  of  which  yaries  within  wide  limits  according  to 
the  temperatilre  and  moisture  of  the  atmosphere,  the  quantity  and  character  of  the 
food  and  drink  taken,  the  condition  of  the  body,  whether  at  rest  or  at  work.  See.  It  is 
in  fact  this  evaporation  which  regulates  the  temperature  of  the  body.  Besides  watery 
yapour,"  insensible  "  perspiration  contains  carbomo  acid,  nitrogen  (?)  (see  Raspni^noNX 
and  small  quantities  of  volatile  and  odoriferous  matters. 

That  which  remains  on  the  surfiiice  of  the  body  as  a  liquid  is  called  the  "  sensible  " 
perspiration  or  sweat.  It  is  said  to  be  secreted  by  the  sudoriparous  glands  of  the 
skin,  and  also,  according  to  some  authors,  by  the  portions  of  skin  between  those  glands. 
Over  most  parts  of  the  body  sweat  is  mixed  with  a  fatty  secretion  derived  from  the  so- 
called  sebaceous  glands. 

This  sebaceous  secretion,  which  when  gathered  in  masses  forms  the  vemix  ca8eo$a  and 
smegma  praputii,  consists  principally  of  ffttty  bodies^  palmitin,  olein,  with  their  soaps 
and  cholesterin,  a  protein  body  resembling  casein,  extracdves,  and  salts,  via.  chloride 
of  sodium,  with  euthy  and  alkaline  phosphates. 

Sweat,  when  obtained  in  a  tolerably  pure  state,  is  a  dear  colourless  fluid  with  no 
morphological  constituents  beyond  epidermic  scales.  When  fresh,  its  reaction  is  add, 
of  variable  intensity ;  but  according  to  Favre,  during  a  prolonged  and  copious  sweat> 
the  reaction,  at  first  add,  becomes  after  a  while  neutral,  and  at  last  alkaline.  The 
odour  of  sweat,  often  very  marked,  yaries  with  the  situation  whence  it  has  been  ob- 
tained. The  amount  of  solid  constituents  varies  exceedingly  ;  in  general  it  is  in  in- 
yerse  ratio  to  the  rapidity  of  secretion,  up  to  a  certain  limit,  beyond  which  it  remains 
constant.  Funke  gives  1*18  per  cent,  as  an  average,  0*962  per  cent,  being  the  mean 
for  the  organic,  0*329  per  cent  for  the  inorganic  substances.  The  total  amount  of  sweat 
yaries  extremely. 

As  normal  constituents  of  sweat  may  be  mentioned — 1.  Various  adds:  mainly 
formic,  with  butyric  and  acetic,  and  possibly  propionic,  caproic  and  caprylio.  The 
existence  of  lactic  acid  (Berzelius)  has  been  denied  by  later  observers. — 2.  Neutral 
fats,  which,  since  they  have  been  found  in  parts,  such  as  the  palm  of  the  hand,  destitute 
of  sebaceous  glands,  must  be  reckoned  as  true  elements  of  sweat :  cholesterin,  palmitin, 
olein,  stearin. — 3.  Nitrogenous  bodies:  the  sndoric  or  hydrotic  acid  of  Favre,  urea 
(leucine,  tyrosine  ?).  Most  observers  have  failed  to  find  the  former ;  the  latter  has  been 
determined  by  Funke,  who  found  as  much  as  0*112  and  0*199  per  cent,  in  a  total  dry 
residue  of  0*696  and  0*790  per  cent  Other  inquirers  also  baye  detected  urea  in  sweat 
(according  to  Meissner,  the  amount  of  it  varies  with  the  nature  of  food  taken), 
and  yet  Kanke  faQed  to  find  it  (see  NunuTioir,  p.  152). — 4.  Salts:  chiefly  chloride 
of  sodium,  with  chloride  of  potassium,  alkaline  and  earthy  phosphates,  alkaline  sul- 
phates,  and  a  trace  of  iron.  According  toSchottin,  there  is  also  a  colouring  matter. 
The  amount  of  epithelium  is  0*42  per  cent.  (Schottin),  or  0*206 — 0*233  (Funke). 

The  following  substances  are  said  to  have  been  observed  at  various  times  as  abnor- 
mal constituents  of  sweat :  Albumin,  urea  (in  large  quantities  in  cholera),  uric  acid, 
oxalate  of  caldum,  lactic  add,  sugar,  bile-pigments,  indigo  in  blue  sweat,  black  colour- 
ing matter  in  black  sweat,  and  blood  in  "bloody  sweat."  Bensoic  (partly  as hippnricX 
succinic  and  tartaric  adds,  iodine  and  iodide  of  potassium,  have  when  taken  internally 
been  detected  in  the  perspiration.  M.  F. 


tvntOTKIC  AOXB.    Syn.  with  Sazjctuo  Acm. 

PaSSV&PHZBJMv    ABrr&-BI8UlbPB00AH80«I0    and 
BUliPBOOASSOVZC.     See  STTLFHOCABBoinc  Ethebs. 

9mRBUlBPnoCYAXZO  ACns.  C*H«N«S»  -  Cy«H«S».  PerwlphocvanJ^drie 
or  Hydropersufphoci/anie  acid,  Sulphuretted  Hydro8vlphocyanie  acid,  HyaroxantMe 
acid.  (Wohler,  Gilb.  Ann.lxix.  271.— Woskresensky,  Traiti  de  CUmie  arganique 
par  Liebig,  i.  192.— Liebig,  Ann.  Ch.  Pharm.,  xliii.  96.— Volckel,  Pogg.  Ann.lyiii 
138 ;  Ixi.  149  ;^  Ixii  150 ;— Ann.  Ch.  Pharm.  Ixxxix.  127.)— This  body  was  discovered 
in  1821  by  Wohler,  but  was  confounded  for  some  time  with  persulphoi^anogen ;  till 
the  distinction  between  the  two  was  pointed  out  by  Woskresensky  and  by 
VolckeL 

It  is  produced  by  the  metamorphosis  of  sulphocyanio  acid,  CyHS,  under  the 
influence  of  mineral  acids ;  also,  under  certain  circumstances,  by  the  spontanecus  decom- 
podtion  of  snlphocyanates : 
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8CyHS        »        CyH       +       Cy*H«8» 
Salphocruiic  HydrocTulc         Penulphoeyanlc 

acia.  acid.  acid. 

It  18  prepared : — 1.  By  mixing  a  cold  ntnnted  aqneous  solation  of  aulphocyaiiate 
of  potassium  with  fiom  6  to  8  times  its  bulk  of  strong  hydrochloric  acid.  The  mixture 
at  first  coagolntes  into  a  white  gelatinous  magma,  wluch  turns  yellow  in  a  few  minutes, 
giyes  oiF  carbonic  anhydride  and  hydrocyanic  acid,  after  the  lapse  of  an  hour,  and  is 
oonrerted  into  k  mass  consisting  of  a  liquid  and  needles  of  peisulphocyanio  acid.  The 
needl«8,  if  collected  after  24  hours  and  washed  with  cold  water,  constitute  the  pure 
acid  (Yolckel).  The  decomposition  takes  place  just  as  well  with  a  dilute  solution 
of  Bulphocyanate  of  potassium ;  but  the  separation  of  the  needles  is  slower. — ^Another 
method  is  to  saturate  a  solution  of  sulphocyanate  of  potassium  in  5  parts  of  water, 
keeping  it  cold,  with  hydrochloric  acid  gas :  the  persulphocyanic  acid  then  separates 
after  a  while,  on  cooling,  in  the  form  of  a  yellow  powder.  If,  however,  the  liquid  be 
suffered  to  get  warm  from  the  absorption  of  the  hydrochloric  add,  part  of  the  separated 
Bulphocyanic  add  volatilises  undeoomposed ;  the  mixture  likewise  gives  off  carbonic 
anhydride  after  a  while,  sometimes  also  sulphuretted  hydrc«en  and  sulphide  of  carbon ; 
and  there  are  formed  in  it^  hydrocyanic  acid,  formic  add,  and  ammonia,  by  which 
products  the  yield  of  persulphocyanic  add  is  diminished,  the  amount  of  diminution 
being  greater  sa  the  solution  of  sulphocyanide  of  potassium  is  more  dilute,  and  its 
temperature  rises  higher  (Yolckel). — 2.  By  pasdng  dry  hydrochloric  add  gas  over 
melted  sulphocyanate  of  potassium  contained  in  a  tubulated  retort,  whereupon  sulphide 
of  carbon  and  hydrocyanic  acid  are  evolved,  and  persulphocyanic  add  sublimes.  The 
latter  is  purified  by  dissolving  it  in  boiling  alcohol,  from  wmch  it  separates  out  again 
on  cooling.    (Li  e  b i g.) 

Persulphocyanic  add  thus  obtained  is  a  pale  yellow  arsUlline  powder,  tasteless 
and  inodorous,  nearly  insoluble  in  cold  wateTf  sparingly  soluble  in  boiling  water,  whence 
it  separates  in  splendid  yellow  needles  on  cooling;  soluble  also  in  alco^d  and  in  ether. 
The  solutions  have  a  slight  add  reaction,  and  form  predpitates  with  the  salts  of  many 
of  the  heavy  metals. 

Persulphocyanic  add  decomposes  at  about  200^,  giving  off  chiefly  sulphide  of 
carbon,  and  finally  ammonia  and  sulphur;  if  the  heat  has  been  rather  strong,  the 
residue  consists  of  hydromellone  (iii.  874) ;  if  it  has  been  lower,  the  residue  reacts  like 
a  mixture  of  sulphur  and  melam.  Accoiding  to  Gerhardt's  formida  of  melam  and 
hydromellone  (iii.  866,  874)  the  decomposition  may  be  represented  by  the  equations : 

Persolpbocjanle  MaLanu 

acid. 

and  2C«N*H«       ^       8NH»     +     C«N*H» 

Melam.  HydromeUoira. 

or,  according  to  Liebig'  s  formnls  (loe,  eit.) ; 

6C«N«H»S«       «       6CS»     +     S«     +     NH»     +     CW»H» 
Pcrtulpbocjanle  Melam. 

acid. 

and  CW»H»       «.       2NH»     +     C«N»H« 

Melam.  Hydromellone. 

Small  quantities  of  sulphydric  and  snlphocyanio  add  are  likewise  found  among  the 
products. 

Volckd,  by  heating  persulphocyanic  add  to  various  temperatures,  obtained  a 
number  of  brown  or  yellow  amorphous  reddues,  of  vaiying  compodtion,  which  he 
regarded  ss  sulphides  of  peculiar  radides  (sutkene,  mdenej  xanthene,  &c.) ;  but  they 
were  probably  nothing  but  mixtures. 

Penmlphocyanic  add  is  but  slightly  attacked  by  hfdrochkrio  amd  at  common 
temperatures ;  at  the  boiling  heat^  however,  it  is  partly  resolved  into  carbonic  anhydride, 
ammonia,  sulphydric  add,  and  sulphur : 

C«N«H»S«  +  4H«0  «  2C0*  +  2NH»  +  2H«S  +  S. 
Nitric  aeid,  especially  when  hot^  converts  it  into  carbonic  anhydride,  sulphuric  add, 
and  ammonia.  It  dissolves,  without  alteration,  in  cold  strong  sulvhurio  acid,  and  is 
repredpitated  by  water ;  but  on  boiling  the  solution  sulphurous  anhydride  is  evolved: 
— Chlorine  decomposes  persulphocyanic  add,  especially  with  aid  of  heat,  forming 
chloride  of  sulphur,  chloride  of  cyanogen,  hydrochloric  acid,  and  a  brown-red  body  in- 
soluble in  water. — By  caustic  alkalis  it  is  giadually  converted  into  sulphocyanate  and 
free  sulphur:  Cy*H«S«  -  2C^HS  +  S. 

Persulphocyanates. — The  solutions  of  persulphocyanic  add  in  aqueous  alkalis 
may  be  regarded,  when  recently  prepared,  as  persulphocyanates,  though,  as  just 
observed,  they  are  gradually  converted  into  sulphocyanates.    These  solutions,  as  well 
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as  the  aqneous  add,  form  yellow  precipitates  with  atannous  chloride,  euprie  nthkate, 
aud  nitrate  of  had:  with  nitrate  of  silver  a  jellow  precipitate  whidi  quickly  decom* 
poses,  with  formation  of  sulphide  of  silver ;  and  with  platinic  chloride  a  brownish-yellow 
precipitate.  The  salts  of  the  other  heavy  metals  are  not  precipitated  by  soluble  per- 
sulphocyanates. 

Pereulphocyanate  of  Lead.  Cy'Fb'S'. — Obtained  by  precipitating  a  boiling  aqueous 
solution  of  the  acid  with  neutral  acetate  of  lead ;  resembles  chromate  of  lead  in  external 
characters,  and  is  perfectly  insoluble  in  water,  alcohol,  and  dilute  acids. — ^With  basic 
acetate  of  lead,  a  precipitate  is  formed  containing  Cy'Pb"S'.Pb''0. 

PBSSmbPBOCnrAarOOinr.  CN'HS'  «  (VHS*?  Peeudoaulphocyanogen, 
Sulphide  of  Cyanogen,  Cyanoxistdfide.  (Wohler,  Gilb.  Ann.  Izix.  271. — ^Liebig, 
Ann.  Ch.  Pharm.  x.  1;  ad.  12;  xxv.  4;  ttxix.  199,  201,  212;  L  337.— Parnell, 
Rev.  scient  v.  149.— Vol ck el,  Ann.  Ch.  Pharm.  xliii  80  ;  Ixxxix.  127  ;  Pogg.  Ann. 
Iviii.  146;  Ixii.  607. — Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xix.  98. — 
Jamieson,  Ann.  Ch.  Pharm.  lix.  339. — Gm.  viii.  108. — Gerh.  L  447. — ^A  compound 
produced  by  the  action  of  chlorine  or  boiling  dilute  nitric  acid  on  aqueous  sulphocyanate 
of  potassium.  It  is  an  orange-yellow  precipitate,  insoluble  in  voater,  alcohol,  and  ether, 
soluble  in  strong  sulphuric  acia,  whence  it  is  precipitated  by  water  without  alteration. 
It  was  formerly  regarded  as  stUphocyanogen  ONS,  the  radicle  of  the  sulphocyanates ; 
but  its  constitution  is  really  more  complex.  The  analyses  made  of  it  by  dififerent 
chemists  also  differ  considerably,  as  willoe  seen  by  the  following  table  :-^ 

Volckel. 


liebig. 

Parneil. 

earlier. 

later. 

Jamieson. 

Laur.  ft  Gerh. 

Carbon 

•     •          •     ft 

2006 

19-93 

20-20  20-31 

1917 

20-45 

Nitrogen    • 

•     ■          •     • 

23-23 

23-31 

•     .       •     • 

22-36 

Sulphur     . 
Hydrogen  . 

55-84  to  5615 

52-59 

52-68 

54-26     .     . 

60-88 

53-90 

0-83  to    0-96 

0-92 

108 

0*90     0-91 

1-58 

0-66 

Oxygen 

8-20 

300 
100*00 

601 

10000 

100-00 

All  these  analyses  were  made  with  persulphocyanogen  obtained  b^  the  action  of 
chlorine  on  aqueous  sulphocyanate  of  potassium. — Liebig  dried  it  in  vacuo  before 
analysing  it. — Par n elf  dried  it  partly  over  the  water-baSi,  partly  at  242®,  at  which 
latter  temperature  a  slight  odour  of  cyanogen  was  apparent. — Volckel  does  not  state 
the  temperature  at  which  his  substance  was  dried.-->J  amies  on  boiled  the  precipitate 
with  water  as  long  as  anything  was  dissolved  out,  and  examined  the  pure  yellow 
powder  which  remained,  luuring  this  boiling,  the  odour  of  cyanogen  was  perceptible, 
and  the  water  dissolved  sulphocyanic  acid,  together  with  a  small  quantity  of  another 
sulphur-compound.  As  the  preparation  mieht  have  been  decomposed  during  this  long 
boiling,  and  moreover  it  is  not  stated  how  tbe  substance  was  dried  before  analysis,  the 
analytical  results  are  not  much  to  be  trusted,  especially  as  the  amount  of  oxygen 
comes  out  too  great.  This  amount  of  oxygen  is  regarded  by  Li  eb  ig  (Ann.  Ch.  Pharm. 
L  337)  as  veiy  problematical,  inasmuch  as,  in  the  dry  distillation  of  pseudosulphocyano- 
gen,  no  oxygenised  product  is  obtained,  except  water. — Laurent  ana  Gerhardt  dried 
the  portion  of  the  precipitate  which  appeared  under  the  microscope  to  be  perfectly  free 
from  cryst^  (probably  of  persulphocyanic  add)  for  a  long  time^  and  at  high  tempera- 
ture. Their  analysis,  which  agrees  very  nearly  with  the  more  recent  analyses  by 
Volckel,  leads  to  the  formula  0»N«HS» (calc.  2057  C,  2400  N,  54-86  S, and  0-57  H), 
according  to  which  persulphocyanogen  is  formed  from  persulphocyanic  acid  by  sabsti« 
tution  of  1  at  cyanogen  for  1  at.  hydrogen. 

Persulphocyanogen  when  heatea  gives  off  solphide  of  carbon  and  free  sulphur, 
leaving  a  residue  of  hydromellone : 

3CN«HS«       »       8CS*     +     &     +     C«N»H«. 

If  moisture  is  present,  ammoniacal  products  are  also  given  off  at  the  commencement  of 
the  decomposition.  Chlorine  acts  on  persulphocyanogen  only  at  high  temperatures, 
forming  solid  chloride  of  cyanogen,  chloride  of  sulphur,  and  a  residue  of  h  vdromellone. 
Persulphocyanogen  dissolves  easily  in  a  solution  of  sulphydrate  of  potassium,  yielding 
sulphocyanate  and  sulphomellonide  of  potassium,  together  with  other  products : 

2Cy»HS»  +   8KHS  +   2H»0     -     2CyKS  +  Cy»H»KNS«  +   3H*S  +   C0«  +  S\ 

Suipho-  Sulphomel- 

cyauate,  loulde. 

Persulphocyanogen  dissolves  slightly  in  ammonia  (W  o  h  1  e  r) ;  abundantly  (Liebig). 
^hon  boiled  with  potash,  it  forms  a  solution  which  gives  with  ferric  salts  the  reaction 
of  sulphocyanic  acid.    By  triturating  persulphocyanogen  with  strong  potash,  adding  a 
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1arg6  qnatitity  of  water,  then  an  exoefls  of  lead-acetatCi  and  lastly  sufficient  acetic  acid 
to  prodnoe  an  acid  reaction,  Volckel  obtained  a  broirniah-yeUow  precipitate,  apparently 
conaisting  of  2Cy^*S*.Pb''HH)». 

HydroiHoctfonic  acid, — When  persnlphocjanoeen  ia  boiled  with  potash,  and  hydro- 
chloric acid  added  to  the  solution,  a  yeUow  powder  is  precipitated  which  dissolyes  in 
42  pts.  of  boiling  water,  and  the  solution  forms  with  aoetate  of  lead  a  yellow  precipitate 
of  hydroihiocyanate  of  lead,  Oy'HPb''S'0.  The  add,  Cy^'S'O,  may  be  regarded  as 
formed  from  persulphocyanogen  by  addition  of  1  at  H'O.  The  analysis  of  the  yellow 
powder  above  mentioned  does  not  howeyer  agree  yery  well  with  this  formula.  (P ar  n  e  1 1, 
VolckeL) 

rasTHXra.    Orthodase  fiom  Perth  in  Canada.    See  Fslspab  (iL  620). 

»BBV  »ATigftM.     See  Balsaics  (i.  496). 

WWanmHO  ACHK  An  add  obtained,  aoooiding  to  linger  (Pogg.  Ann.  Ixy. 
222X  by  ^ntly  heating  |;nanine  with  a  mixture  of  chlorate  of  potasnum  and  hydro- 
chloric acid.  It  ciystfulises  in  shortened  prisms  with  rhombic  base,  or  in  tufts  of 
colourless  crystals  destitute  of  taste  and  smell.  Oontains  31*26  per  cent  carbon  and 
2'60hydro|^;  ratio  ofcarbon  to  nitrogen  10  4;  whenceit  is  probably  C'*H'N*0*.H'0. 

Syn.  with  Sttbomb  or  Cinntuc  Aix^ohox.  (i.  992), 

Castor, — ^A  silicate  of  aluminium  and  lithium,  also  containing 
sodium,  in  which  lithia  was  discovered  b^  Arfyedson  in  1818.  It  occurs  massive,  with 
apparently  monodinic  structure,  exhibiting  three  deavages  in  one  zone,  affording  the 
angles  117^,  142^  and  101**,  the  cleavages  inclined  at  142°  are  the  most  distinct 
Hardness  «  6  to  6*5.  Specific  gravity  s  2*42  (Arfvedson);  2*45  (Clarke); 
2*426  (C.  G.  Gmelin).  It  has  a  vitreous  and  glistening  lustre,  pearly  on  the  &ces  of 
perfect  deavage,  and  a  white  or  gre^  colour,  with  occasionally  a  reddish  or  greenish 
tinffe.     Streak  white.    Translucent    Fracture  imperfect  oonchoidaL 

When  heated  before  the  blowpipe,  either  alone  or  with  fluor-spar  and  acid  sulphate 
of  potassium,  it  colours  the  flame  transiently  red,  behaving  in  other  respects  like  ortho- 
dase.   It  is  not  attacked  by  adda. 

Analyses, — 1.  From  XJto:  a.  By  Arfvedson  (Schw.  J.  xxii.  93): — b.  By  C. 
Gmelin  (Gilb.  Ann.  Ixii.  899); — e.  Keddish; — d.  Whitish,  by  Waitershausen 
(VtdJks,  Gest,  p.  295); — s.  By  Hagen  (Pogg.  Ann.  xlviii.  361);—/.  Specific  gravity 
2*447 — 2*465,  byRammelsberg  (ibid,  Ixxxv.  644). — 2.  From  Bolton,  Massachusetts, 
by  Smith  and  Brush  (SUL  Am.  J.  [2]  xvi.  366).— 3.  From  Elba  (the  variety  called 
Castor  i  by  Plattner,  Pogg.  Ann.  Ixix.  436,  443)  : 

1.  S.  8. 

^      — ^ ■"  ■  *  '  ■""        I 

0.  V.  C,  a.  tm  J. 

Silica  .  .  .  7921  7417  76*74  74*60  77*22  7779  77*93  9801 
Alumina  .        .         17*22       17*41     18*66     16*94     17*47     18*68     16*24     18-86 


Lithia     .        .        .          6*76)       .,^      2*69      2*98      2*67      3*30      3*63      2*76 
Soda J       ^^  ^^      .     .        0*06      2-29      1*19      0*60 
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Lime 0*32  0*62  0*73 

Magneda 0*10  0*10  .  .  .  .  0*24 

Ferric  oxide 0*18  0 16  .  .  .  .  0*56      0*61 

Loss  by  ignition      .          .     .          2*17  0*97  0*92  .  .  .  .  0*66 

102*19      99-23     99-96     96*48     99*66  100*86     99*76  100*23 

According  to  these  analyses,  petalite  may  be  regarded  as  3(M''<0.2SiO*).4(ilLlK)*.68iO*) 
or  perhaps  as  d(M*0. 3SiO*).2(2i[lK>*.9SiO<).  Castor  may  be  approximately  represented 
by  the  formula  (Li'0.3SiO«).(2Ai«0«.9SiO«)  or  by  (Li«0.2SiO»).2(il«0».6SiO«). 


U  A  resin  obtained  from  the  root  of  Tussilago  petasites.  It  is  not 
altered  by  caustic  soda.  Its  alcoholic  solution  mixed  with  mineral  adds  assumes  an 
emerald-green  colour,  changing  to  blue  in  the  case  of  hydrochloric  add.  (Reinsch, 
N.  Jahrb.  Phann.  iv.  267.) 

rararnra.  An  alkaloid,  isomeric  if  not  identical  with  tetrylamine,  C^H>*N, 
occurring  in  the  most  volatile  portion  of  bone-oiL    (See  Tbtbtiamiks.) 

WmmOlB,  C*Hi*.  (Bussenius  and  Eisenstuck,  Ann.  Ch. Pharm. cxiii.  161.) 
—A  hydrocarbon  (not  isolated)  occurring  in  the  petroleum  of  Sehnde  near  Hanover. 
On  distilling  the  crude  petroleum  with  steam  at  a  pressure  of  4  or  5  atmospheres,. and 
rectifying  the  naphtha  which  passes  over,  a  portion  is  obtained  boiling  below  180°  and 
eondsting  of  petrol  together  with  olefines  and  homologues  of  marsh-gas.    The  p«%trol 
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cannot  be  sepanted  by  frictioiial  distillatioD,  bnt  bj  trefttment  with  a  mixtore  of  strong 
nitric  and  snlphoric  adds,  it  may  be  oonyerted  into  a  ayitalluie  eompoand,  ynz. : 

Trinitropetrolf  C*H*(NO*)*. — ^To  prepare  thie  oomponnd,  2  pts.  oil  at  Titriol, 
1  pt  nitric  acid  of  specific  gravity  1-6,  and  2  pts.  of  the  aboTe-mentioned  diadilate, 
boUing  below  180°,  are  dispoeed  one  over  the  other  in  layers  in  a  tubulated  retort^  and 
left  to  rest  for  24  hours.  The  action,  which  would  be  yiolent  if  the  liquids  were 
rapidly  mixed,  then  takes  place  quietly,  and  trinitropetrol  separates  between  the  acid 
and  the  oil,  as  a  crystalline  mass,  which,  after  the  add  and  oil*  have  drained  off,  is 
purified  by  washing  with  water  and  with  lukewarm  alcohol,  and  repeated  fractional 
crystallisation  from  hot  alcohol,  the  portion  which  separates  below  40°  being  each  time 
collected  apart. 

Trinitropetrol  crystallises  in  needles  and  scales,  the  latter  being  formed  most 
abundantly  at  comparatively  low  temperatures.  It  melts  at  162°,  solidifying  again  at 
1350 — 140O,  xt  is  insoluble  in  watery  soluble  in  ether^  benzene,  and  cold  alcohcT,  more 
easily  (to  the  amount  of  A)  in  boiling  alcohol.  It  is  decomposed  by  a  mixture  of 
iron  filings  and  acetic  acia,  but  without  formation  of  ciystallisable  products.  With 
alcoholic  sulpkide  of  ammonium,  it  forms  two  compounds,  one  of  which  possesses  distinct 
basic  properties,  viz. : 

mtropetroldiamine,  (?B}^^IH>*  -    [^*^!j^^^*)l'' | N«.-.When  trinitropetrol  is 

mixed  in  a  retort  with  alcoholic  sulphide  of  ammonium  and  sulphydric  add  gas  is  passed 
into  the  mixture,  a  large  quantity  of  sulphur  suddenly  separates,  and  nitro-petroldiamine 
crystallises  out.  The  excess  of  sulphide  of  ammonium  and  the  alcoh61  are  removed  as 
completely  as  possible  by  distillation,  and  the  nitropetroldiamine  is  purified  by  ex- 
hausting the  residue  with  boiline  alcohol,  dissolving  toe  crystals  which  separate  there- 
from in  dilute  sulphuric  add,T  predpitating  the  filtered  solution  witn  ammonia, 
repeating  this  solution  and  precipitation,  and  recrystallising  the  product  from  alcohoL 

Nitropetroldiamine  crystallises  in  long  orange-red  monoclinic  prisms,  insoluble  in 
water,  sparingly  soluble  in  cold,  rather  easily  in  boiling  alcohol.  It  begins  to  sublime 
at  210°,  melts  at  215°  (the  fused  mass  soli<£fying  in  the  crystalline  form  at  the  same 
temperature),  and  decomposes  at  a  higher  temperature,  with  separation  of  charcoaL 
Treated  with  nitrous  aHdy  it  yields  nothing  but  brown  resinous  products. 

Hydrochlorates  of  Nitropetroldiamine. — The  salt^  C*H"N*0*.HC1,  is  obtained  in 
crystals  by  heatinsUie  base  with  water  and  a  quantity  of  hydrochloric  add  not  sufficient 
for  complete  solution,  and  leaving  the  filtrate  to  evaporate.  A  solution  of  the  base  in 
excess  of  hydrochloric  acid  yields  the  salt  C"H"N"0«.2HC1. 

The  chioroplattnate,  C"H»N«0*2HCUt«'Cl*.3H«0,  separates  on  adding  platinic  chlo- 
ride to  the  solution  of  the  last-mentioned  salt,  in  eolden-yellow  six-sided  microscopic 
tablets,  which  dissolve  eadly  in  hydrochloric  acid,  are  decomposed  by  water,  with 
separation  of  the  base,  give  off  their  crystallisation -water  below  100^,  and  hydrochloric 
acid  at  a  temperature  a  little  above  that  point. 

Sulphates, — a.  On  boiling  nitropetrolaiamine  with  water,  adding  dilute  sulphuric 
acid  till  it  is  completely  dissolved,  and  leaving  the  solution  to  cool,  the  salt  CH>*N'0'. 
S'H*0*  separates  in  rather  Luge  six-sided  monoclinic  prisms,  which  are  decomposed 
by  water. — fi.  The  mother-liquor  of  this  salt  yields  by  slow  evaporation  over  oil  ot 
vitriol,  large  transparent  pkites  of  the  salt  C*H"NH)*.2SH*0<.2HK),  which  gives  off  its 
water  at  100°,  and  like  the  preceding,  is  decomposed  by  recrystallisation  frY>m  hot 
water,  yielding  basic  compounds. — 7.  On  boiling  nitropetroldiamine  with  a  quantity  of 
dilute  sulphunc  add  not  suffident  to  dissolve  the  whole,  and  filtering  the  solution  wnile 
hot,  the  filtrate  solidifies  to  a  mass  of  small  yellowish  laminae  of  the  salt  2CH"N'0'. 
SH*0*.2H«0,  which  givea  off  its  crystallisation- water  at  110<>. 

Triethylnitropetroldiamine,  C"H"N»0«  -  t^2'^^'F|N«.— ^^ 

date  of  this  base,  C'*H'^'0*.HI,  obtained  by  heating  nitropetroldiamine  for  some  time 
with  ethylic  iodide  in  a  bath  of  boiling  solution  of  nitrate  of  sodium,  and  purified  by 
recrystallising  the  solid  part  of  the  product  from  hot  water,  crystallises  in  red  rhombic 
prisms  with  pyramidal  faoes.^  On  adding  ammonia  to  the  solution  of  this  hydriodate  in 
hydrochloric  add,  triethyl-nitropetroldiamine  is  predpitated  in  lemon-yellow  scales ;  it 

*  Thlt  oilj  liquid,  alter  waihliig  with  water,  drying  over  chloride  or  ealctaro,  left  on  rectiflratlon  a 
thicklsh  yellow  retidae  which  depoiited  nacreoot  eryttalUne  lamlns.  TheMcnrstali  exhibited  on  one 
occasion  a  melting  point  tietween  ItA^  and  156^,  atad  a  compoaitlon  corretponalng  with  the  formula 
C"H'(NO^s,  whence  thev  appear  to  consist  of  the  next  homolngue  of  trinitropetrol ;  they  also  reacted 
like  the  latter  with  salphide  of  ammonium. 

t  There  then  reoMins  uodissolTed  an  orange-yellow  crystalline  compound  C"^H*^N*0*,  insoluble  In 
water,  alkalis  and  dilute  acids,  soluble  in  concentrated  acid*,  and  separable  therelhHn  bj  water ; 
sparingly  Mriuble  In  alcohol,  ether,  chloroform  and  sulphide  of  carbon  ;  melting  at  191^—193^,  and  sub^ 
liming  ra  small  quantity.  When  subjected  to  the  action  of  dry  hydrochloric  add  gas,  it  forms  th^ 
■omewhat  uniUble  compound  Ci"HWN«0«.2HCI. 
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is  Bolnble  in  iloohol  and  in  ether,  and  sepantet  ficom  these  solutions  on  eraporation  in  oilj 
drops  which  solidi^  in  the  OTStalline  fonn  after  some  time  only.  The  aolntion  of  the 
base  in  hydrochloric  acid  yields,  on  addition  of  platinic  chloride,  the  platinum-^t 
2(C"H"NH)*.HCl)Pt«'Cl*,  in  tnfts  of  slender  golden-yellow  needles. 


The  name  applied  by  Bonssingault  to  the  more  Tolafale  con- 
stitaent  of  asphalt  or  bitnmen  (i.  426).  See  also  Y olckel  (Ann.  Ch.  Pharm.  IxxxriL 
139;  Jahreeb.  1863,  p.  624). 


EarO^,  Naphtka,  Maltha,  Mineral  Tar  or  OU;  Erdal,  SteinSl; 
Bitunu  liguide.'^JL  rariety  of  liqnias  known  by  some  one  or  other  of  the  abore  names, 
and  corresponding  with  yegetal  and  animal  oils  in  the  characters  of  inflammability  and 
insolubility  in  water,  occur  in  many  parts  of  the  earth.  Hiey  all  aoree  in  possessinga 
strong  bituminous  smell,  but  diifer  considerably  in  other  phTsi<^  characters,  being 
sometimes  thin,  transparent  and  pale  coloured ;  sometimes  Yiscid,  opaque  and  black. 
There  are  also  numerous  varieties  with  characters  intermediate  between  these  extremes. 
The  specifle  gravity  varies  firom  0*8  t^  1*1,  and  the  colour  is  frequently  blown  or 
greenish.  The  name  navktha  has  generally  been  applied  to  the  thinner  and  least  coloured 
varieties  of  mineral  oil,  or  to  the  more  volatile  portion  of  the  distillate  obtained  by 
rectifying  the  native  oil,  while  the  darker  and  more  viscid  kinds  have  been  termed 
fftineral  tor,  and  the  intennediate  varieties  petroleum. 

The  countries  most  fietmous  for  the  occurrence  of  mineral  oil  are  Persia,  the  Caucasus 
and  Gnoigia,  Burmah,  the  West  Indian  Islands,  and  North  America.  It  also  occurs 
in  the  oonntnr  to  the  north  of  the  Danube,  in  Italv,  Bavaria,  Hanover,  Zante,  Switaeer- 
land,  Qiina,  India,  and  to  some  extent  in  England  and  France. 

Chemically  the  substances  known  by  names  of  naphtha,  petroleum,  &c.,  are  all  very 
closely  allied,  inasmuch  as  they  consist  for  the  most  part  of  oils  differing  in  density  and 
volatility.  The  older  analyses  of  these  mineral  oils  were  made  without  any  farther 
attempt  at  separating  the  substances  they  evidently  contained  in  a  state  of  mixture^ 
than  merely  rectifying  the  oil  and  treating  it  with  sulphuric  add.  They  sufficed,  how- 
ever, to  establish  the  fEict  that  the  constituents  of  petroleum  were  essentially  oom- 
Souuds  of  carbon  and  hydrogen ;  but  the  chemistty  of  the  hydrocarbons  was  so  slowly 
eveloped,  after  the  time  when  Faraday  demonstrated  the  existence  of  numerous  com- 
pounds of  this  kind,  and  petroleum  was  so  little  used,  that  scarcely  any  progress  was 
made  towards  a  knowledge  of  its  constitution  until  quite  recently,  since  uie  extensive 
application  of  this  material  to  useful  purposes  has  caosed  greater  attention  to  be 
directed  to  it 

A  thick  black  variety  of  petroleum,  occurring  between  Peklenicza  and  Moslowina  in 
Hungarjr,  was  examined  in  1788  by  Winterl,  who  found  that  it  yielded  by  distillation 
a  colourless  oil,  a  yellow  oil,  and  a  buttery  mass.     (Crell's  Chem.  AnnaL  i.  493.) 

A  dark  brown  Galician  petroleum  of  specific  gravity  0*943,  was  examined  in  1791 
by  Hartinovich,  who  obtained  from  it  by  distUlation,  a  yellow  oil  of  specific  gravity 
0*811,  and  two  darker  oils  of  specific  gravity  0*867  and  0*961  respectively  (Crell's 
Chem.  AnnaL  i  72).  In  1817Saussure  published  an  account  of  his  investigation  of 
the  native  naphtha  of  Miano,  in  the  Duchy  of  Parma,  which  was  used  at  that  time  for 
lighting  the  streets  of  Ghenoa.  He  described  it  as  being  a  transparent,  yellow,  thin 
liquid,  of  0*836  specific  gravity,  with  a  strong,  persistent  smell,  separable  by  distillation 
into  a  colourless,  lighter  and  more  volatile  portion,  and  a  heavier,  lees  volatile  portion. 
The  former  he  termed  rectified  naphtha.  It  had  a  specific  gravity  of  0*768,  with  only  a 
slight  evanescent  odour,  was  entirely  volatQe  at  the  ordinary  atmospheric  temperature, 
umdterable  by  exposure  to  liffht  and  air,  and  little  acted  on  by  strong  acids.  It  mixed 
in  all  proportions  with  absolute  alcohol,  and  dissolved  in  seven  parts  of  alcohol  of 
specific  gravity  0*835.  Caoutchouo  macerated  in  this  rectified  naphtha  without  heat, 
swelled  to  at  least  thirty  times  its  volume,  but  after  forty-eight  hours  the  naphtha  con- 
tained only  a  seven-thousandth  of  its  weight  of  caoutchouc.  (BiU.  Univ.  [S.  and  A.] 
iv.  116.) 

In  1829  Unverdorben  obtained  from  Persian  petroleum  similar  products  by  dis- 
tillation, and  inferred  that  it  consisted  of  a  mixture  of  several  oilc^  together  with  a  small 
quantify  of  a  kind  of  solid  faX.  (paraffin  ?),  resin,  and  an  indifferent  coloured  substance. 
(Schwejg.  Jour.  Ivii  243.) 

Christison  and  Gregory  in  1831  examined  the  petroleum  of  Rangoon.  It  was 
of  a  buttery  consistence  at  ordinary  temperatures,  of  a  dark  brown  colour  with  a  tinge 
of  ffreen,  and  a  specific  gravity  of  0*880.  They  separated  it  by  distillation  into  three 
di&rent  portions,  and  extracted  paraffin  from  it.  See  Pabaffih.  (Trans.  Roy.  Soe. 
Edinb.  xik  118,  124.) 

Blanehet  and  Sell  in  1833  obtained  similar  products  firom  Persian  petroleum, 
viz. :  an  oil  of  specific  gravity  0*740,  boiling  at  94^  C,  and  three  oils  boiling  at  138*^, 
187°  and  220°  respectively.     (Ann.  Ch.  Pharm.  vk  300.) 
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In  1836  Eo bell  examined  the  petroleum  from  the  Tegern  Lake  in  BaTaria,  known 
by  the  name  of  Quirinus  oU,  and  separat^ni  from  it  a  pennanently  liquid  oil,  and  another 
which  partly  solidified  when  cooled  to  6®.     (J.  pr.  Chem.  riii.  306.) 

A  thick  brown  petroleum  from  Niebylow  in  Galicia,  examined  by  Toro si  wiecz,  had 
a  specific  grarity  of  0960  and  became  perfectly  liquid  only  at  61°.  Another  kind  from 
Truacawice  was  of  specific  gravity  0'890.    (Bepert  Iv.  16 ;  Ixi.  398.) 

Hess  described  the  petroleum  of  Baku  at  the  same  time  as  having  a  specific  gra- 
vity of  0-836,  begining  to  boil  at  140°  and  yielding  by  fractional  distillation  oils  which 
had  no  fixed  boiling  point.    (Fogg.  Ann.  xxxiv.  417.) 

In  1840  Pelletier  and  Walter,  by  repeatedly  rectifying  that  portion  of  the  Miano 


called  napktol  (C'^"),  and  they  legazded  these  oils  as  the  constituents  of  petroleum. 
J.  Pharm.  xxvi.  649.) 

In  1848  and  1849  Ure  and  Mansfield  examined  a  variety  of  mineral  tar  from  a 
coal  mine  at  Alfreton  in  Derbyshire.  The  specific  gravity  was  0*900,  and  it  consisted 
chiefly  of  liquid  oils  boiling  at  temperatures  above  300°,  i>resenting  in  its  characters 
some  resemblance  to  the  oil  or  tar  distilled  from  bituminous  shale;  (Pharm.  J. 
Trans,  vii.  486 ;  Chem.  Soc.  Qu.  J.  i  249.) 

Besidrs  these  investigations,  several  analyses  of  petroleum  and  of  the  products 
obtained  from  it  by  fractional  distillation  had  been  made,  the  results  of  which  are  given 
in  the  following  table : 

Analyses  of  Petroleum  and  its  products. 


Kind  of  petroleum. 


Iffiano 

Persian  . 

Persian  . 

Baku 

Miano  • 

Miano  . 


(Rectified) 
}  products  ( 
Eectified 
(Rectified  I 
]  products  { 

J  Rectified! 
)  products^ 

Native 


(Rectified 
)  products' 


Carbon. 

Hydrogen. 

87-21 

12-79 

85-66 

13-31 

86-92 

12-12 

83-88 

14*29 

86-43 

13-06 

79-82 

13-20) 

to 

to    [ 

86*86 

14-61 ) 

86*68 

13-17 

86-30 

13*40 

84-60 

13-40 

86-80 

13*30 

85-60 

13*40 

Boiling  point. 


::! 

94°  > 
216°  J 


various 


100°— 116°  \ 
115°— 120° 
120°— 130° 
140°— 160°J 


Authority. 


Saussnre. 

Dumas. 
Blanchet  and 
SeU. 

Hess. 


Pelletier    and 
Walter. 


These  results  did  not  advance  the  knowledge  of  the  constitution  of  petroleum  much 
beyond  the  point  where  it  was  left  by  Unverdorben  in  1829,  viz.  that  it  was  a 
varying  mixture  of  hydrocarbon-compounds  with  pitchy  or  asphaltie  substances  dis- 
solved in  it  to  a  greater  or  less  extent,  and  that  elementarv  analysis  was  of  little  utility 
until  some  means  had  been  found  of  separating  the  individual  constituents  more  com- 
pletely.   (Schweigger^s  Joum.  ix.  29.) 

In  1867  Be  la  Rue  and  Miiller  published  the  results  of  their  examination  of 
Rangoon  petroleum,  showing  that  it  contained  hydrocarbons  of  the  benzene  and  olefine 
series,  but  consisted  chiefiy  of  compounds  which  were  not  acted  upon  by  ooneentrated 
nitric  or  sulphuric  acid.     (Proc.  Roy.  Soc  viii.  221.) 

Eisenstiick  examined  the  petroleum  of  Sehnde  (Hanover)  in  1868,  and  came  to 
the  conclusion  that  the  oil  obtained  by  distilling  the  crude  petroleum  with  st«am 
and  boiling  below  180°,  consisted  of  a  mixture  of  polymenc  hydrocarbons  C^H'* 
homologous  with  ethylene,  together  with  petrol  C"H*«.     (Ann.  Ch.  Pharm.  cxiii.  151.) 

According  toUelsman,on  the  other  hand,  the  products  obtained  by  Eisenstiidc  from 
this  petroleum,  and  boiling  between  136°  and  146°,  correspond  with  the  furmuin 
OH2"+«.    (Ann.  Ch.  Pharm.  cxiv.  279.) 

Freund  and  Pebal  examined  G^cian  petroleum,  and  came  to  the  condusion  that 
it  contains  substances  belonging  to  at  least  three  difierent  series,  viz.  homologues  of 
ethyloie,  which  are  not  acted  upon  by  concentrated  sulphuric  acid  at  the  ordinary  tem- 
perature, homologues  of  benzene,  and  homologues  of  phenol.  (Ann,  Ch.  Pharm.  cxv.  19.) 

The  most  important  investigation  of  petroleum  is  that  recently  made  by  Pelouze 
and  Ca hours  (^Compt  rend.  liv.  124,  Ivi.  606,  Ivii.  62).  They  operated  upon  the 
petroleum  which  has  been  brought  in  large  quantity  from  Pennsylvania  dunng  iJie 
last  few  years,  and  succeeded  in  obtaining  from  it  twelve   distinct  liquid  hydro- 
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carbons^  which  they  consider  to  be  hooM^cgiieB  of  marah-gfts  (Htdbtoss^  iii.  18 1)^ 
besides  the  solid  hTdrocarbons  known  under  the  name  of  paraffin  (p.  342). 

Bon  a  Id  8  has  also  shown  that  this  petroleum  probably  contains  the  lower  membcra 
of  this  series,  ooiresponding  to  ethyl  and  trityl,  and  gaseous  at  ordinary  temperatures 
(Chem.  Soc.  J.  xriiL  629).  Schorlemmer  has  stated  that  it  also  contains  small 
quantities  of  benzene  and  its  homologdes,  but  those  substances  were  not  found  by 
Felouse  and  Cahours. 

These  results  show  that  American  petroleum  probaUy  consists  chiefly  of  homolognes  of 
marsh-gas^  and  those  which  have  been  isolated  present  the  following  characters :-~ 


Formula. 

Spedllc  gravity. 

Boiling  |»int 

Vapoar-domitj. 

Authorltjr. 

C*H« 

gaseous 

1 

CE* 

gaseous 

► 

Bonalda 

C*H»* 

0-600  at  QO 

00              40 

2110 

C*H" 

0-628 

8OO 

2-638    * 

CH" 

0-669 

68O 

8-060 

C'H»« 

0-699 

92°            94« 

8-616 

C^>« 

0-726 

116«         lis® 

4-009 

r»TT» 

0-741 

136®         138® 

4-641 

FelooM 

C'*H» 

0-767 

160°         162^ 

6-040 

and 

C"H" 

0-766 

180°         184® 

6-468 

GahoursL 

C«H- 

0-776 

196°        200® 

6-972 

^V^MA^r  ^A*  v^V 

C»H» 

0-792 

216©         218<> 

6-669 

C"H» 

•     • 

2Se9        2AQ9 

7019 

C»*H« 

•     • 

2660         260« 

7*623 

American  petroleum  contains,  besides  these  substances,  other  oils  of  much  higher 
boiling  point  and  of  a  specific  gravity  above  0*870;  other  kinds  of  petroleum  also 
contain  oils  of  still  neater  density,  sometimes  considerably  above  0-900,  but  it  has  not 
yet  been  ascertained  whether  these  are  homologues  of  marsh  gas.  It  is  probable  also 
that  most  kinds  of  petroleum  contain  olefines  to  some  extent^  or  at  least  analogous  oils 
which  combine  with  concentrated  sulphuric  acid ;  but  in  most  instances  the  homolpgues 
of  marsh  gas  appear  to  constitute  the  chief  bulk  of  petroleum. 

The  similarity  existing  between  petroleum  and  the  oily  tar  obtained  by  destructive 
distillation  at  temperatures  below  rail  red  heat»  as  regards  the  chemical  nature  of  the 
substances  contained  in  these  products,  renders  it  highly  probable  that  petroleum  haa 
been  formed  by  the  decomposition  of  vegetal  and  animal  remains,  and  that  its  origin 
is  in  some  way  connected  with  the  formation  of  coal  and  other  bituminous  minerals 
from  similar  materials ;  but  it  is  not  evident  what  may  have  been  the  precise  mode  in 
which  this  change  has  taken  place.  The  opinion  which  has  generally  been  entertained 
as  to  the  origin  of  petroleum,  is  that  it  has  been  formed  by  the  action  of  heat  upon 
coal  beds  situated  beneath  the  earth's  suz£ice^  that  is  to  say,  bv  a  process  of  carbonisa- 
tion or  destructive  distillation.  The  long  recognised  and  obvious  analogy  between 
the  various  kinds  of  petroleum  and  the  oily  products  resulting  from  the  action  of  heat 
upon  vegetal  and  animal  substances  has  hitherto  been  the  chief  ground  for  that  opinion, 
and  the  still  closer  resemblance  which  has  since  been  found  to  exist  between  certain  of 
these  materials  in  the  chemical  nature  of  their  coustitnents,  would  tend  to  increase  the 
probability  of  its  being  correct^  if  there  were  not  other  facts  which  throw  some  doubt 
upon  the  formation  of  petroleum  from  coal  by  an  actual  process  of  destructive  distills* 
tion.  Thus  for  instance  anthracite — which  from  its  beiug  the  kind  of  coal  containing 
the  smallest  amount  of  bituminous  or  volatilisable  substance,  would  be  most  likely  to 
be  the  residue  of  such  a  process — does  not  present  anv  indications  of  having  been 
exposed  to  such  a  temperature  as  is  requisite  for  volatilisLug  petroleum  or  for  expelling 
the  bituminous  substance  from  other  kinds  of  coaL 

Beichenbach  was  induced  to  consider  this  subject  from  its  connection  with  his  study 
of  the  general  phenomena  of  destructive  distillation.  The  petroleum  he  examined  did 
not  contain  paraffin,  and  observing  some  other  differences  between  the  oUy  tar  he 
obtained  by  carbonising  coal,  and  the  specimens  of  petroleum  he  had  examined,  he. 
concluded  that  there  was  an  essential  difference  between  these  substances.  Beferrins 
also  to  the  fact  that  petroleum  had  never  been  met  with  where  coal  beds  were  subjectea 
to  the  action  of  heat  by  underground  combustion,  he  was  led  to  doubt  whether  true  pe- 
troleum originated  in  this  way  from  the  decomposition  of  coaL  In  the  year  1833  he 
found  that  by  distilling  coal  with  water,  an  oily  liquid  was  obtainable,  to  the  extent  of 

about  3^Q(^th  part  of  the  coal,  which  was  dear,  transparent,  greenish-yellow,  of  specific 
gravity  0-836  and  boiled  at  167°,  thus  presenting  great  resemblance  in  these  respects 
Vox.  IV.  C  C 
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to  the  petiQleiim  of  Miano  and  of  Persia,  while  at  the  same  time  it  enu'lt  like  tnrpen^ 
tine  oiL  Argoing  from  the  aesamed  identity  of  petiolenm  and  the  oil  thns  obtained 
from  eoal,  without  decomposition  as  he  supposed,  together  with  the  equally  erroneous 
assumption  of  an  essential  dissimilarity  between  petroleum  and  the  oily  tar  obtained  by 
carbonising  coal,  he  came  to  the  conclusion  that  the  commonly  receiTed  opinion  as  to 
the  origin  of  petroleum  was  erroneous,  and  was  disposed  to  regard  it,  not  as  a  product 
of  the  decomposition  of  coal,  but  as  an  actual  constituent  of  coal,  and  in  hxt  as  beine 
probably  the  turpentine  oil  ci  primsBYal  pine  forests.  Hence  he  inferred  that  coiu 
could  not  have  been  ezpoeed  to  a  temperature  at  aU  approaching  that  requisite  for 
carbonisation,  but  that  tae  petroleum  it  contained  was  expelled  mti^y  by  the  action  of 
such  a  moderate  heat  as  might  prevail  at  no  great  depth  below  the  suifiice.  (Schweig. 
Jour,  ix  19.) 

The  discovery  of  paraffin  and  eupione  in  the  petroleum  of  Bangoon  showed  that,  so 
far  as  these  could  be  regarded  as  being  exdusiTel^  products  of  destructdye  dQstillation, 
Beichenbach's  conclusion  did  not  apply  to  all  kinds  of  petroleum.  Hence  Gregory 
and  Kobell  adopted  the  opinion  that  petxoleum  containing  these  substances  was  at 
least  a  product  of  destructiTe  distillation. 

It  has  also  been  suggested  somewhat  vaguely  that  petroleum  may  hare  been  formed 
by  the  combination  oicarbon  with  hydzo^n  at  considerable  depths  below  the  earth's 
sur&oe  under  the  influence  of  Tolcanio  heat  and  ffreat  pressure  (Y irlet,  Bulletin  de  la 
8oe,  gkH,  it.  203  ;  Yerneuil,  ibid,  [2]  i.  800  ;  Lecoq,  Les  Eaux  mifUraUs  oonsideriea 
dans  leurs  Rapports  etvee  la  Chimie  et  la  Giologie^  143  tt  seq,\  It  is  possiUe  that  by 
the  reaction  of  water  and  carbonaceous  substances  under  certain  conditions,  hydrocar- 
bons might  be  formed,  and  Berthelot*s  synthetic  production  of  hydrocarbons  (  Compft, 
rend.  uiii.  206)  renders  it  probable  that  petroleum  may  in.  some  instances  have 
originated  in  a  similaz  mannei^  though  the  precise  nature  of  such  modes  of  foranation 
is  not  yet  known.  B.  H.  P. 

VBTKOSZUBaK  or  Adinole. — Compact  impure  felspar,  Uke  the  base  of  porph^. 
It  differs  from  jasper,  which  it  often  resemblesi  in  being  fbsible  before  the  olowpipe. 
Specific  gravity  2*60  to  2*66.    (Dana.) 

PBTmmBk  (Pth-iun-tssA — ^A  felspathie  rock  consisting  largely  of  quarts,  used 
in  China  to  mix  with  kaolin  for  tne  manu&ctare  of  porcelain. 

Telluric  silver.    (See  Tbllttbittv.) 

Jmperaiorm,  C"H'"0«.  (Schlatter,  Ann.  Ch.  Pharm.  v.  205. 
— ^Pobereiner,  ibid,  xxviii.  288. — Erdmann,  J.  pr.  Chem.  xvi.  42. — ^Bothe,  ibid. 
xlvi.  871.— Wagner,  «friV£.  IxiL  276;  N.  Jahrb.  Pharm.  ii.  83;  xiv.  16.)— A  neutral 
substance  contained  in  the  root  of  masterwort  {Imperatoria  Ostrutkium  L.,  Peucedanum 
Ostruikiumi  Koch),  and  of  other  umbelliferous  plants  of  the  peucedaneous  tribe.  It  is 
prepared  by  exhausting  the  root  of  masterwort  with  boiling  alcohol,  evaporating  the 
extract,  washing  the  residue  with  water  and  with  alcohol,  and  crystallising  it  from 
ether,  which  leaves  undissolved  a  resinous  substance  wherewith  the  peucedanin  is 
contaminated. 

Peucedanin  crystallises  in  light,  transparent,  colourless,  shining  prisms,  grouped  in 
tufts.  It  melts  at  76^  without  loss  of  weight,  and  concretes  again  but  slowly,  yield- 
ing at  first  a  transparent  syrup  which  then  solidifies  to  a  waxy  mass.  It  does  not 
dissolve  in  footer ,  either  hot  or  cold ;  it  is  sparingly  soluble  in  cold,  more  soluble  in  boil- 
ing alcohol ;  the  solution  has  a  persistentfy  acridf  taste,  and  does  not  act  on  vegetable 
colours.    Peucedanin  is  venr  soluble  in  ether^  and  in  oils  both  fixed  and  volatile. 

Peucedanin  gives  by  azuJysis  from  69*6  to  71*1  per  cent,  carbon  and  5*8  to  6-6  hy 
drogen,  agreeing  nearly  with  the  formula  C^*H'*0*,  which  requires  70'6  per  cent,  carbon, 
5'9  hydrogen  and  26*6  oxygen.  This  formula  is  confirmed  by  the  reaction  of  peucedanin 
with  potash,  whereby  it  is  resolved  into  angelic  acid  and  oreoselin  (p.  216) : 

C'«H"0«     +     H«0      =      C*H»0«     +     CHW. 

Peocedanln.  AneHic  Oreoselin. 

acid. 

Peucedanin  is  insoluble  in  acids,  and  is  not  acted  upon  at  ordinary  temperatures  by 
sulpkuriOy  hydrochloric  or  acetic  acid.  Strong  nitric  acid  dissolves  it  with  aid  of  heat, 
converting  it  either  into  nitropeucedanin  or  into  oxypieric  and  oxaKc  acids.  It  is  de- 
composed by  chlorine  and  iodine.  The  alcoholic  solution  is  precipitated  by  certain 
metallic  salts,  the  acetates  of  lead  and  copper  for  example. 

Nitropeucedanin,  C'«H"(NO«)0«  (Bothe,  loc.  cit.),  is  produced  by  heating 
peucedanin  to  60°  with  nitric  add  of  specific  gravity  1*21.  The  resulting  yellow 
solution  solidifies  on  cooling  to  a  crystallised  mass  which  may  be  purified  by  crystal- 
lisation from  alcohol.  Nitropeucedanin  forms  colourless  scales  moderately  soluble  in 
alcohol  and  ether,  nearly  insoluble  in  water.  It  melts  and  decomposes  at  100°.  When 
heated  to  100°  in  dry  ammonia  gas,  or  treated  with  ammonia  and  alcohol,  it  is  converted 
into  nitropeucedamide  (probably  C'«H»«NW  «  C»»H'»(NO«)0*  +  NH»  -  H«0), 
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which  crystaliiscs  from  boiling  alcohol  in  shilling  rhomboTdal  priimB  yery  soluble  in  al- 
cohol and  ether,  insoluble  in  water,  and  decomposed  bj  weak  acids  or  hj  caustic  potash 
into  nitropeucedanin  and  ammonia. 

VBirOT&.    Syn.  with  TuiBBiLSifB. 

PBAjCOUTTB.    a  Tariety  of  chabasite  from  Leipa  in  Bohemia  (i  844). 

MAOOVXW.    An  albuminous  substance  constituting  the  inner  portion  of  the 
crjrstalline  lens  of  the  eyes  of  fishes  (ii.  615). 


C**H*0'? — ^A  brown  resinous  substance  obtained  brSchloss- 
berger  and  Doppin^  (Ann.  Ch.  Pharm.  I.  207)  from  rhubarb-root  To  prepare  it 
the  root  is  exhausted  with  alcohol  of  60 — 80  per  cent ;  the  evaporated  extract  is  treated 
with  water  which  dissolves  only  part  of  it ;  the  undiraolved  portion,  after  being  com- 
pletely dried  over  the  water-bath,  is  dissolved  in  the  smallest  possible  quantity  of  fdcohol 
of  80  per  cent ;  the  solution  is  precipitated  by  ether,  and  the  precipitate  again  treated 
with  alcohol  of  80  per  cent,  whereby  it  is  separated  into  insoluble  aporetin  (i  852)  and 
a  solution  which  when  evaporated  leaves  phnoietin. 

PhsBoretin  when  dried  and  pulverised  forms  a  yeOowish-brown  powder,  havinc  no 
taste  of  rhubarb,  veiy  slightly  soluble  in  toaUr,  easily  in  aicokol  and  in  alkalis,  from  which 
latter  solutions  it  is  nredpitated  with  yellow  colour  by  most  mineral  adds ;  it  dissolves 
however  in  aeetie  and  in  eonceiUrated  tuhkurie  add.  Its  eompounds  with  the  alkalit 
have  a  deep  red-brown  colour.  When  heated  on  platinum-foil  it  melts,  givine  off 
yellow  vapours  having  a  finint  odour  of  rhubarb,  and  bums  away  without  leaving  a 
trace  of  ash.  The  solution  of  phsoretin  in  ammonia  forms  with  acetate  of  lead  a  violet- 
red  predpitata  whidi  appears  to  decompose  during  washing. 

FBJBOSZV  or  VKJBOSSO  AOIB.  A  constituent  of  the  pericarp  of  bay-bemea 
(iii.  477). 

Syn.  with  OLivaiiiTa. 

lOO&XTB.  Native  calac  arsenate,  occurring  sometimes  in  distinct  mono- 
clinic  prisms,  but  more  frequently  in  delicate  silky  fibres,  adetilar  czystaUisations  or 
stellate  groups ;  also  botryoidal  and  stalactitic,  sometimes  massive.  Hardness  s 
2—2*5.  Specific  gravity  2*64 — 2731  It  has  a  vitreous  lustre,  white  or  grevish 
colour,  sometimes  tinged  with  red  finm  admixture  of  arsenate  of  cobalt;  streak  white. 
Translucent  to  opaque.  Fracture  uneven.  Thin  laminss  flexible.  It  is  insoluble  in 
water,  but  easily  soluble  in  adds. 

Analyses, — a.  From  Wettidien  in  the  Blade  Forest  (Elaproth,  BeUrSae,  iii  277). 
— b.  From  Andreasberg  in  the  Hars  (John.  Ckem,  Unf&rs,  ii.  22 1^. — e.  Locahty  un- 
known (Turner,  Po^.  Ann.  t.  188).^^.  From  Glucksbnmn  in  the  Th^ngerwald 
(Rammelsberg^  ibiaihm.  150). 

4$.                    b.                    c,  d. 

Arsenic  anhydride        .        .        50*54  45*68)  ^q^.  (51*58 

Lime 2500  27*28  {  '^^'^  J  23*59 

Cobaltic  and  ferric  oxides     ,                            .    .  .    .  1*43 

Water.         .        .        ,        .        2446  23*86  20*99  23-40 

10000  96*82  100-00         10000 

These  analyses  lead  to  the  formula  2Cu''O.Ab<0'.6H'0  (calc.  5116  AsH>*.  24*87  Ca^O 
and  23*97  waterX  or  2Cu''fiAs0^5H<0.  The  cobalt  in  the  hist  is  probably  due  to 
admixture  of  cobalt-bloom. 

Pharmaoolite  is  also  Ibnnd  at  St  Marie  aux  Mines  in  the  Vosges,  at  Biechelsdoxf 
and  Bieber  in  Hessia,  and  at  Joachinisthal  in  Bohemia ;  it  occurs  in  assodation  with 
arsenical  ores  of  cobalt  and  nlyer. 

Picropkarmaeolite  from  Biechelsdorf,  containing  46*97  per  cent  AsK)*,  24*65  lime, 
3*22  magnesia,  1*00  cobalt-oxide,  and  28*98  water,  is  probably  pharmaoolite  having  the 
lime  partly  replaced  by  magnesia. 

Syn.  with  Cubb-obb  (ii  171). 

SeeBnijr(i  524). 

PBASaoXAnnnL    See  Ltosm  (iii  274). 

WSMJkAAMTm  In  the  egg-shell  of  Phasianus  cotehicus,  B.  Wicke  (Ann.  Ch. 
Pharm.  cxxy.  78)  found  93*33  per  cent  carbonate  of  caldum,  0*66  phosphate  of  mag- 
nesium, 1*37  phospliatee,  and  4*64  organic  matter. 

FBBVACXTB  or  VBXirAXITM.  A  silicate  ofgludnum,  oceuiring  vrith  em- 
erald in  Perm,  Umen  Mountains,  and  with  quartz  at  Framont  in  Alsace,  in  r^ombo- 
hedral  ciystalB  with  Mslsnohedral  ^nd  prismatic  facea.    B :  R  «  116°  40' ;  oR  :  R 

cc2 
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«  142^  41' ;  length  of  principal  axja  »  0*66.  Clearage  imperfect  parallel  to  R  and 
QoR2.  Twina  abio  occur,  with  fiice  of  oomposition  parallel  to  ocR.  Hardness  b  8. 
Specific  gratitv  »  2  969.  The  crystals  are  transparent  to  opaque,  colourless,  or  of 
bright  wine-yellow  colour  inclining  to  i«d,  and  with  vitreous  lustre.  Fracture  similar 
to  that  of  quarts.  Infusible  per  m  before  the  blow-pipe ;  forms  colourless  glasses 
with  fluxes ;  meLta  to  a  milk-white  bead  with  a  small  quantity  of  sodio  carbonate, 
forms  a  tumefied  infusible  mass  with  a  larger  quantity.  Not  attacked  by  acids.  A 
specimen  from  the  Umen  Mountains  was  found  by  Hart  wall  (Fogg.  Ann.  zxzi.  67) 
to  contain  66*14  silica  and  44*47  glucina  (*>  99  61 ;  a  specimen  from  Alsace  analysea 
byBischof  {ibid,  txjxv,  626),  gave  64*40  silica,  46*67  gludna*  and  0*09  lime  and 

magnesia^results  agreeing  nearly  with  the  formula  2^H)*.8SiO*  or  2G''OJSiO*  - 

iS*&iO*  (see  GLUCDfiTii,  il  849),  which  requires  63*96  Bilica»  and  46*04  glucina. 

ySBWAMSmi  A  name  siven  to  aniline-Tiolet  by  Scheurer-Kestner 
( Jahresb.  1860,  p.  728).  who  reoaids  it  as  related  to  aniline  in  the  same  manner  aa 
naphthameine  (ozynaphthylamine)  to  naphthylamine. 

■•  PmorATs  or  FimnnuLTB  of  Amtu  (See  Phsitol,  p.  891.) 

See  Phbntl,  Htdb^th  of. 

»&•    Pkbkatb  of  Ethtx.. 

Syn.  with  Muscotxtb. 

ynnxo  AOIB.    See  Fhsnol. 

FBXWIonrB.  A  oolourinff  matter  produced  by  the  action  of  nitrosnlphnrie  acid 
(a  mixture  of  strong  nitric  and  sulphuric  adds)  on  phenylic  aloohoL  The  add  is 
added  in  suocessiTe  portions  to  crystallised  phenylic  slcohol,  the  mixture  being  cooled 
after  eadi  addition,  as  long  as  red  yapours  continue  to  escape.  The  add  liquor  is  then 
poured  into  a  laige  quantity  of  water,  and  the  resulting  predpitate  is  washed  with 
water  and  dried. 

Fhenidne  is  a  brown  amorphous  nowder,  spazingly  soluble  in  water,  eamly  soluble 
in  alcohol,  ether  and  acetic  add.  Alkalis  likewise  dissolve  it  easily,  imparting  a  fine 
violet-blue  colour,  which  however  is  changed  to  brown  by  the  least  excess  of  add.  ^  It 
dissolves  also  in  lime-water.  It  melts  and  turns  black  at  a  moderate  heat  It  is  a 
mixture  oi  two  colouring  matters,  one  yellow,  the  other  black,  both  of  which  however 
possess  the  same  tinctorial  properties. 

Fhenidne,  like  the  anilme  colours,  dyes  silk  and  wool  without  the  intervention  of  a 
mordant  A  piece  of  silk  or  wool  dyed  with  phem'dne  acquires  a  fine  garnet-red 
oobur  on  immersion  in  a  solution  of  chromate  of  potassium,  or  better,  of  chromate  of 
copper  addulated  with  sulphuric  add.  Nitrate  of  copper  produces  the  same  effect  but 
with  less  intensity.  Cotton  mordanted  with  stannate  of  soda  or  with  tannin  easily 
absorbs  phenidne,  and  acquires  a  deep  purple  colour  on  subsequent  immersion  in  hot 
potassic  chromate;  but  the  colour  is  changed  to  bliie  by' alkalis,  and  easily  destroyed 
by  soap. 

Strong  nitric  add  converts  phenidne  into  a  resinous  paste  which  dissolves  in  am- 
monia, forming  a  brown  solution  which  dyes  silk  'and  wool 'somewhat' like  archiL 
(£.  Dolfus,  BulL  Soc  Chim.  1866,  i  226.) 

VMmmolO  ACIB.  C*H<0*.— An  acid  isomeric  with  collinio  add  (L  1083^  pro- 
duced by  heatinff  a  solution  of  benzene  in  a  slight  excess  of  fuming  sulphuric  add  to  100^, 
then  diluting  with  water,  and  gradually  adding  small  pieces  of  acid  potassic  chiomat^ 
The  distillate  contains  phenoic  add,  partly  diMolved,  partly  fioatin^  as  an  oil,  and  in 
crystals.  It  is  distinguished  from  C(Mlinic  add  by  its  greater  solubility  in  hot  water. 
Its  tilver-Mlt  contains  C*H'AgO*.    (Church,  Chem.  Soc.  J.  xiv.  62.) 

An  add  of  the  same  oomposition  and  doubtless  identical  with  the  preceding  is 
obtained  by  distilling  coal-tar  (containing  toluene,  xylene  and  psendocumene)  with 
dilute  nitric  add.  This  add  melts  at  about  60^,  but  occasional^  remains  liquid  at 
ordinary  temperatures,  espedall^  when  not  quite  pure.  It  has  an  acrid  taste,  is  heavier 
than  water,  mixes  in  all  proportions  with  alcohol,  is  only  slightly  soluble  in  cold  water, 
more  soluble  in  boiling  water.  From  a  saturated  hot  solution  it  separates  while  oooUng 
as  a  heavy  oil  which  sometimes  solidifies  immediately.  It  is  slighUy  volatile,  covering 
itself  with  beautiful  crystallisations  even  at  ordinary  temperatures.  When  boiled  wi£ 
water,  it  volatilises  to  a  considerable  extent  It  can  be  distilled  «)0r  se  without  decom- 
position, and  forms  well  crystallised  salts  with  the  alkalis.  (D  e  L  a  B u  e  and  M  ii  11  e  r, 
Chem.  Soc  J.  xiv.  64.) 

NitrtmAenaic  aoid,  CHXKO*)0',  is  produced  by  oxidising  nitrobenEene  with  sulphuric 
add  and  potassic  chromate.  It  crystallises  in  nacreous  lamina,  has  a  strong  add  reaction, 
melts  without  decomposition,  dissoWes  in  boiling  water,  and  yields  crystalUsable  salts. 
(Church.) 
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roim    C^^O  -  ^'|0.    ^draie  of  Phenyl,    PhenyUc  atcoM.    Phemo 

aeid.  Carbolic  acid.  Coal-tar  creosote.  (Bnnge,  Pogg.  Ann.  xxzi.  69;  zzzii  308. — 
Laurent,  Ann.  Ch.Fhjr8. [3]  iii  195. — Williamson  andScrneham^Chem.  Soc.  J. 
vii  232). — This  oomponnd  is  contained  in  considerable  qaantitj  in  coal-tar  (Range, 
Lanrent),  and  is  produced  by  the  dry  distillation  of  salicylic  add,  either  alone  or  in 
contact  with  caostic  lime  or  baryta  (Gerhardt,  Bev.  scient.  z.  210) : 

(THW      -      C^H)     +     CO*. 

It  18  also  fonned  in  the  diy  distillation  of  gnm-bemeoin  (R  KoppX  of  the  resin  of 
Xanthorrkwa  kastilis,  of  qninic  acid  (Wohler),  of  chromate  of  pelosine  (Bodeker, 
p.  372),  and  is  found  in  small  Quantity  among  the  products  obtained  by  passing  the 
vapour  of  alcohol  or  acetic  acid  through  a  red-hot  tuM  (Berthelot).  It  is  to  phenol 
that  castoreum  owes  its  peculiar  odour  (Wohler).  The  urine  of  the  cow,  of  the  horse, 
and  of  man  contain  sensible  quantities  of  phenol  (Stadeler,  Ann.  Ch.  Pharm.  Izvii' 
860 ;  Izzvii  17).  Commercial  creosote  often  consists  almost  entirely  of  phenol,  but  the 
true  creosote,  obtained  by  the  distillation  of  wood,  is  a  totally  different  substance  (ii.  103). 

Prepar€iiion.  1.  From  (%Mi/-ter.— The  tar  is  distilled  till  anthracene  begins  to  pass 
over;  the  resulting  oil  is  rectified,  collecting  apart  the  portion  which  distils  over 
between  150^  and  200^ ;  this  portion  is  mixed  with  saturated  potash-ley  and  pulverised 
hydrate  of  potassium,  whereby  it  is  immediately  converted  into  a  white  crystalline  magma; 
this  substance  is  dissolved  in  hot  water ;  the  oil  which  rises  to  the  suiface  is  removed ; 
the  lower  alkaline  liquid  is  neutralised  with  hydrochloric  add ;  the  impure  hydrate  of 
phenyl,  which  rises  to  the  surface  as  an  oil,  is  washed  with  a  littie  water,  digested  over 
chloride  of  caldum,  rectified  several  times,  and  gradually  cooled  to  — 10^  in  a  closed 
vessel;  and  the  resulting  crystals  of  pure  phenol  are  freed  from  the  remaining 
fluid  portion  by  inverting  the  bottie  over  another,  care  being  taken  to  exclude 
the  air,  which  might  give  up  water  to  the  oystals  (Laurent).  The  tedious 
fractional  distillations  involved  in  this  process  may  be  considerably  abridged  by  intro- 
ducing into  the  portions  which  boil  between  186®  and  188^,  a  few  cxyBtals  of  pure 
phenol ;  a  large  portion  of  the  liquid  then  solidifies  after  a  while  in  colourless 
needles,  which,  when  separated  from  the  liquid,  distU  at  184®  and  yield  a  sublimate  of 
pure  phenol.    (Williamson  and  Scrugham.) 

Gladstone  (Chem.  News,  ii.  98)  recommends  pladng  good  commercial  carbolic  add 
for  some  days  in  contact  with  a  lump  of  chloride  ox  caldum  and  then  leaving  the  phenol 
to  crystallise  out  in  a  freezing  mixture.  He  is  of  opinion  that  the  cresol  or  cresylic 
alcohol  likewise  present  in  ci^ide  carbolic  add  is  converted  into  phenol  by  contact  with 
chloride  of  caldum  or  chloride  of  dnc. 

2.  From  8alict/lic  acid. — Crystallised  salicylic  add  is  strongly  and  quickly  heated  in 
a  glass  retort  either  alone  or  mixed  with  pounded  glass  or  quicklime.  Phenol  then 
passes  into  the  recdver  and  crystallises  on  cooling  almost  to  the  last  drop.  The  phenol 
thus  obtaioed  appears  however  to  differ  in  some  of  its  properties  from  that  obtained 
from  coal-tar,  inasmuch  as  it  crystallises  more  readily  and  reacts  somewhat  differently 
withpentachlorideof  phosphorus  (p.  390). 

Properties. — Phenol  crystallises  at  ordinary  temperatures  in  long  colourless  needle^ 
apparentiy  belonging  to  the  trimetric  system,  and  having  a  specific  gravity  of  1*065  at 
18-^  (Laurent),  10627  (Scrugham).  It  melts  at  340—35<^,  andboilsat  187^—1880 
(Laurent);  184®  (Scrugham).  The  crystab  of  phenol  obtained  from  coal-tar 
deliquesce  easily  to  an  oil  by  taking  up  a  mero  trace  of  water  (Laurent);  a  lump  of 
chloride  of  calcium  causes  tne  oil  to  solidify  immediatdy  (Gerhardt).  Phenol  pro- 
duced by  decomposition  of  salicylic  add  is  much  less  deliquescent  than  that  obtamed 
from  coal-tar  (Watts).  Phenol  does  not  redden  litmus.  It  smeUs  like  wood-tar 
crosote,  and  attacks  the  skin  like  tiiat  substance.  Its  aqueous  solution  coagulates 
albumen ;  it  unites  with  certain  animal  substances  and  preserves  them  tram  decompo- 
sition, even  removing  the  fetid  odour  from  meat  and  other  substances  already  in  a  state 
of  decompodtion.  Fish  and  leeches  die  when  immersed  in  the  aqueous  solution,  and 
their  bodies  subsequentiy  dry  up  on  exposure  to  the  air,  without  putreQring. 

Phenol  is  but  sparingly  soluble  in  looker,  but  dissolves  in  all  proportions  in  alcohol^ 
ether  and  strong  acetic  acid.  When  shaken  up  with  ^  pt.  of  water  and  exposed  to  a 
temperature  of  4®,  it  takes  up  water  and  forms  a  hydrate  2C*H*0.Ii*0,  which 
crystallises  readily  in  large  six-sided  prisms  belonging  to  the  trimetric  system,  and 
melting  at  16°.    (Calvert^  Chem.  Soc  J.  xviii.  66.) 

Phenol  may  be  distilled  without  alteration  over  melted  phosphoric  add,  also  ovev 
caustic  potash,  baryta,  or  lime. 

Decofn^^o9ition». — 1.  Phenol  passed  through  a  red-hot  tube  undergoes  very  Uttle  de* 
composition,  yielding  however  a  small  quantity  of  naphthalene  (Hofmann). — 
2.  Strong  sulphuric  acid  dissolves  it  with  great  rise  of  temperature,  but  without  oolora- 
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tton,fonni]igpheDjl-8nlpharic  acid.  It  redaees  m^reufM  mmIs  at  the  boiliog  heat, 
aepantea  metallio  tiher  from  the  nitrate,  and  redaoea  peroaide  of  lead  to  protoxide. 
Heated  with  areeme  add,  it  forma  a  yellow  aabatanoe  eallod  xaDthophenic  acid. 
(F.  Fol,  Bip.  Chim.  app.  iy.  179.) 

3.  StiODR  nitric  acta  attacks  phenol  with  great  Tiolenee,  each  drop  as  it  comes  in 
contact  with  the  phenol,  hissing  like  red-hot  iron  plun^npd  into  water:  the  product  formed 
at  the  boilinffheatifltrinitrophenic  or  picric  acid,  G*H'(NO')'0;  a  less  energetic 
reaction  produces  mono-  or  di-nitrophenic  acid  (p.  393). 

6.  Chimne  and  bromine  likewise  act  upon  phenol,  forming  ^ubstitntion-prodncts 
poflswm'ng  add  characters  (pp.  891,  892). 

6.  When  chlorine  is  paosea  into  phenol  which  is  kept  cool ;  and  the  prodnei  treated 
with  three  times  its  weight  of  strong  nitric  acid,  dinitrochlorophenic  acid, 
C'HK)1(N0')K),  is  produced.    (Oriess,  Ann.  Ch.  Fharm.  ciz.  286.) 

7.  Phenol  is  scarcely,  if  at  all,  attacked  by  iodine,  but  with  chloride  of  iodine  it  forms 
mono-  anddi-iodophenic  acids.  (Schutsenberger  and  Sengenwald,  Gompt. 
lend.  liT.  197). 

8.  Chloride  of  ihUmyl,  SOCl',  acts  strongly  on  phenol  dissolved  in  ether,  eliminating 
considerable  quantities  of  hydrochkcie  and  sulphurous  acids^  but  does  not  appear  to 
form  any  phenylic  sulphate. 

9.  A  mixture  of  hjfdrochlorie  acid  and  potaseie  chlorate  conyerts  phenol,  first  into 
trichlorophenic  acid,  and  subsequently  into  perchloroquinone  or  chloranil, 
C*C1*0^    (See  QvnioMS,  DniyATiyas  of.) 

10.  Pentachloride  of  phoeohorue  converts  phenol  into  chloride  and  phosphate 
of  phenyl  With  phenol  nom  ooal-tar  the  products  are  chloride  of  phenyl  and  tri- 
phenylic  phosphate  (Williamson  and  Scrugham),  perhaps  thus : 

6(C*H»H.O)  +  iPa»    -    2C*H*C1  +  P(OH»)K)*  +  PC1»0  +  SHOT; 

but  with  phenol  from  salicylic  add,  an  add  phosphate  is  obtained,  which  forms  salts 
with  metallic  bases,  and  probably  consists  of  diphenylic  phosphate : 

6(C»H».H.O)  +  2PC1*     -     dOm*Ci  +  P(C«H»)«HO*  +   Pa"0  +  4HCa. 

This  add  phosphate  crystallises  much  more  easily  than  the  neutral  triphenylic  phosphate 
(H.  Watts,  unpublished  experiments).    See  Phosphoric  EmsBa 

11.  With  chloride  of  benzoyl,  phenol  forms  phenylic  bensoate,G^*(C*H*)0* 
(i  658). 

12.  Cyanic  add  vapour  passed  into  perfectly  dry  phenol  converts  it  into  allo- 
phanateof  phenyl,  CH'fC*H*)NK>',  which  crystallises  from  hot  alcohol  in 
slender,  unctuous,  tasteless,  inociorous  crystals,  insoluble  in  cold  water,  resolved  at  15(P 
into  phenol  and  cyanuric  add,  and  converted  bj  alcoholic  potash  into  aUophanateof  potas- 
num,  hj  barvta- water  into  allophanate  of  barium.    (Tuttle,  Jahresb.  1857,  p.  451.) 

18.  Aenol  does  not  dissolve  in  aqueous  ammonia^  but  it  absorbs  ammonia  gas,  and  the 
solution  when  heated  in  a  sealed  tube  is  partly  converted  into  water  and  aniline: 

(yHH)  +  NIP    -     H«0  +  C-HTf. 

14.  Phenol  is  attacked  by  potassium  or  sodium,  slowly  at  first,  more  quickly  when 
aided  by  a  gentle  heat,  hycuogen  being  evdved,  and  phenate  of  potassium  or 
sodium  produced.    (Laurent.^ 

15.  When  carbonic  an^dride  is  passed  into  pure  phenol  gently  warmed,  and  sodium 
is  added  bv  small  portions,  hydrogen  is  evolved  and  salicylate  of  sodium  is 
formed.  The  reaction  is  the  converse  of  that  by  which  phenol  is  produced  from 
salicylic  add.    (Eolbe  and  Lautemann,  Jahresb.  1859,  p.  309;  1860,  p.  291.) 

Phbkatbs. — 1.  Metallic, — Phenol  unites  with  the  stronger  bases,  but  the  com- 
pounds are  very  unstable  and  difficult  to  obtain  in  definite  form.  Indeed  phenol  has, 
m  properties  as  well  as  in  composition,  the  character  of  an  alcohol  rather  Uian  that  of 
an  add.  It  dissolves  in  caustic  potash,  but  the  quantity  dissolved  does  not  increase  in 
proportion  to  the  quantity  of  potash  present  TCalvert,  Chem.  Soc  J.  xviii.  68) ;  it 
al^o  dissolves  carbonate  of  potassium,  but  witnout  expelling  carbonic  add.  Phenol 
does  not  unite  with  the  acid  sulphites  of  the  alkali-metals,  and  therefore  does  not 
behave  like  an  aldehyde,  in  which  character  Gmelin  is  inclined  to  regard  it  (Handbook, 
xi.  146). 

Phenate  of  potassium  is  produced,  as  already  observed,  by  heatixie  phenol  with 
potAsdum ;  also  by  direct  combination  of  solid  potash  with  pnenol.  The  oily  liquid 
formed  in  dther  case  depodts  the  potasdum-salt  on  cooline  in  white  needles  very 
soluble  in  alcohol,  ether,  and  water,  and  decomposed  by  minerfl  adds  with  separation 
ofphenoL    (Laurent) 

PhenaU  of  barium,  C"Hi*Ba''0'.3H*0,  is  obtained  by  boiling  phenol  with  baryta- 
water  and  evaporating  in  vacuo,  as  a  crystalline  crust  containing  42*48  per  cent  baryta. 

Phenate  of  lead,  obtained  by  Ixnliiig  phenol  with  litharge  and  adding  a  few  drops  of 
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alcohol  to  the  piodiiet»  is  a  white  mass  oontaininfl;  aooordiiigto  CalrerC^  Ci*fi>H>*.2Pb''0 
or  0»H>«Pb"0*.Pb';H*0*.  It  is  slightly  solaUe  in  hot  aloohd,  and  separates  on 
cooling.  With  basie  acetate  of  lead,  phenol  Ibnns  proeq^itates  <xf  uncertain  composition. 
(CaWert) 

2.  Aleokolie  Pkenates,  Phenio  JP<%«r«.— «.  MHkyUc  Phenate  mr  Jnisol  has 
been  alxeady  deeoribed  under  the  latter  name,  together  with  its  biomo-  and  nitro- 
deriTatiyes,  and  the  bases  fbnned  bj  the  actitm  of  reducing  agents  on  the  latter 
(i.  804-^06). 

fi.  EtkyUc  PkemUe,  Phenetol  at  SalUkoi,  OWH)  -  C«H*(C*H»)0  (Cahonrs,  Ann. 
Ch.  PhjB.  [3]  zzviL  463.~B8lj»  Ann.  Gh.  Phann.  IxziiL  208).— This  compound  is 
obtained  by  the  dzy  distillatbn  of  perfectly  anhydrous  ethyl-saUcvlate  of  banum,  the 
oiW  distillate  being  purified  l^  washing  with  warm  alkaline  ley,  di^tinff  with  fiised 
chloride  of  calcium,  and  rectification.  It  is  a  coloorleBB»  mobile  liquid,  Tighter  than 
water,  haying  an  agreeable  aromatic  odour,  insoluble  in  water,  very  soluble  in  alcohol 
and  ether,  boiling  at  172^.  It  is  not  altimd  by  Potash.  Sulphuric  acid  conyerts  it 
into  a  sulpho-add  forming  a  soluble  barium-«alt.  With  chlorine  and  bromine  it  fonns 
crystaUisable  products.  It  is  strongly  attacked  by  fuming  nitrie  add^  the  products 
varying  in  composition  according  to  the  proportions  used;  with  a  small  quantity  of  the 
acid  a  reddish-brown  oil  is  obtained,  probably  consisting  of  mononitrophenetol; 
but  on  boiling  ethylic  phenate  with  an  excess  of  the  ftamuig  add,  dinitrophenetol, 
O'H''(N0')H),  is  obtained  (see  page  899). 

Y.  AmyUe  Phenate  <a  Phenan^iol,  C"Hi*0  »  C<H\C*H")0  (Giihours,  Compt. 
rend,  xxzii  61).  Obtained  hj  heating  amylic  iodide  w^  potassic  phenate  to  100^— 
120^  in  a  sealed  tube.  It  is  a  limpid  colourless  oil,  lighter  than  water,  haying  a 
pleasant  aromatic  odour,  and  boiling  between  224®  and  225^.  It  is  attacked  with  sreat 
violence  by  fuming  nitric  acid,  forming  a  heavy  oil,  which,  when  treated  with  alcoholic 
sulphide  of  ammonium,  yields  a  crystallised  base  (amyl-nitrophenidine,  or  nitro-pben- 
amylidine)  capable  of  forming  crystaUisable  salts.  Phenamylol  dissolves  in  sulpnuric 
acid,  forming  a  red  liquid,  which  gives  no  precipitate  with  water,  but  forms  a  czystal- 
lisable  barium-salL 

VBawo&v  BBBIVA  I'l  V  JMI  OV.  One^  two^  or  three  of  the  hydrogen- 
atoms  in  phenol  may  be  replaeed  by  bromine,  chlorine,  iodine,  or  nitryl,  forming 
compounds  which  have  more  and  more  of  an  add  character  as  the  substitution  is  more 
complete. 

1.  Bromophenoli  at  Bromophenic  Jeidi, 

Msaobs  — i^pteaala  aekL  C*H*BrO.  Bromophenatio acid  (Gahours,  Ann.  Ch. 
Phys.  [3}  zii.  102). — Obtained,  as  a  colourless  oil,  by  distilling  bromosalicylio  add 
with  a  mixture  of  sand  and  carbonate  of  barium. 

Bniromopliealo  seML  G'H'Bi'O.  Bromopheneeie  acid, — Obtained  in  like 
manner  horn.  dibromosalicyUcadd,  as  an  oil  which  crystallises  on  cooling.  (Gahours, 
loe.  cit) 

Tlrlfcromoplieato  aold.  CH'Br'O.  Bromophemete  or  BromndofHc  acid, 
(Laurent,  Ann.  Gh.  Phys.  [8]  iiL  211. — ^Brdmann,  J.  pr.  Chem.  xxii.  272. — 
Gahours,  loc,  cit). — ^Phenol  immersed  in  excess  of  bromine  becomes  strongly  heated, 
gives  off  bydrobromie  add,  and  solidifies  oji  cooliuff  to  a  brown  mass,  which  must  be 
boiled  with  water  and  ammonia;  the  solution  sm)8equently  filtered  from  a  small 
quantity  of  brown  matter,  and  decompoeed  by  hydxoehlorio  add;  and  the  thick  pre- 
dpitate  of  tribromophenic  add  washed  on  a  filter  (Laurent). — ^2.  THbromosalicylic 
acid,  distilled  two  or  three  times  with  fine  sand  and  a  small  quantity  of  baryta,  also 
yields  tribromophenic  acid  (Gahours). — 3.  When  indigo  is  decomposed  by  bromine- 
water  and  the  product  subsequently  distilled  with  potash,  bromaniline  passes  over,  and 
tribromophenic  add  remains  behind.    (Erdmann.) 

Tribromophenic  add  crystallises  by  fbsion  or  sublimation,  or  from  solution,  in  deli- 
cate white  needles,  or  right  rhombic  pribms,  having  the  acute  lateral  edges  truncated. 
Angle  ooP :  aoPal28^;  ooP  :  oof  od*- 116^.  It  is  ftadble,  dystallises  on  cooling,  and 
may  be  diBtilled  without  decompontion ;  smells  like  trichlorophenic  add.  It  is  some- 
what less  soluble  in  alcohol  than  the  latter.  When  boiled  witn  nitric  add,  it  'forms  at 
first  a  reddish  resin,  which  gradually  disappears,  and  on  evaporation,  cfystsls  of  picric 
add  are  obtained. 

The  tribromophenates,  when  heated  to  redness,  generally  leave  a  metallic 
bromide,  and  give  off  tribromophenic  add  (7). 

The  aTmmonium'Salt  crystaUises  in  needles.  Its  solution  forms  with  concentrated 
chloride  of  barium  or  chloride  of  strontium,  a  predpitate  composed  of  needles ;  with 
neutral  acetate  of  lead,  a  white  predpitate;  with  euprie  acetate,  a  red-brown  predpi- 
tate, soluble  in  alcohol;  and  with  nitrate  o/sUner,  an  orange-yellow  precipitate. 

Subetance  isomeric  with  tr^nvmophenic  acid. — ^A  concentrated  aqueous  solution  of 
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nlicylate  of  potasBiiiin,  mixed  with  a  small  qnantitT  of  potash,  and  then  With  a  laigv 
qaaniity  of  bromine,  becx>mes  heated  and  deooloiised,  gives  off  carbonie  anhydride,  and 
soon  deposits  a  kermes-biowu  substance,  which  is  insoluble  in  water,  ammonia,  cold 
potash,  and  alcohol,  but  dissolves  with  extreme  facility  in  ether;  it  contains,  after 
washing  and  drying,  22*19  per  cent.  C,  71*8  Br,  and  0*88  H;  and,  when  heated,  gives 
off  white  vapours,  which  condense  into  delicate  white  needles  of  tribromophenic  acid. 
(C ah  ours,  Ann.  Chim.  Phys.  [3]  xiii  43.) 

2.  Ckloropkenols  or  Ckhrophenic  Adds, 

Bielilorapl&^Blo  mtML  CH'Cl'O.  Diehloroearbolie  acid.  Ckloropkenem  acid, 
(Laurent,  Ann.  Ch.  Phys.  [2]  Ixia  27  ;  [3]  iii.  210.)— This  acid  is  produced:  1.  By 
the  comparatively  feeble  action  of  chlorine  on  phenoL — 2.  By  distilling  dichlorosalicylio 
acid  wiik  fine  sand  and  a  small  quantity  of  lime  or  baryta.  It  may  be  prepared 
from  the  impure  phenol  which  passes  over  between  170®  and  200^  in  the  rectification 
of  coal-tar  naphtha.  For  this  purpose  chlorine  is  passed  dirough  the  yellowish  oily 
distillate  for  a  day,  and  the  liquid,  cooled  to  — 10^,  is  strained  through  linen  to  separate 
the  naphthalene  which  has  ervstallised  out :  chlorine  is  then  again  passed  for  two  days 
through  theliouid,  which  is  then  cooled  to  0^,  decanted  from  ciystaifised  hydroeUorate 
of  di(£loronaphthalene,  and  distilled  (whereupon  it  froths  up  considerably,  siving  off  a 
large  quantity  of  chlorine^  and  afterwards  hydirochloric  acid)  till  the  thidc  buck  residue 
exhibits  considerable  intumescence  (tetrachloronaphthalene  then  subliming  in  needles) ; 
the  distillate  is  shaken  up  in  a  bottle  with  oil  of  vitriol  as  long  as  hydrochloric  add 
continues  to  escape ;  the  rose-eolomred  oil  of  vitriol  (which  deposits  a  stinking  substance 
when  neutralised),  is  removed  by  a  syphon ;  the  remaining  oil  is  washed  with  a  largo 
quantity  of  water,  and  mixed  in  the  fiask  with  ammonia,  with  which  it  solidifies  com- 
pletely into  a  white  mass,  with  slight  rise  of  temperature ;  this  mass  is  bofled  with 
water;  the  solution  decanted  hot  from  a  brown  oil,  which  is  again  to  be  treated  with 
ammonia,  and  then  with  hot  water  to  remove  the  acids  commetely ;  the  hot  filtered 
aqueous  solutions,  containing  di-  and  triehlorophenate  of  ammomum,  are  mixed  by  drops 
with  dilute  nitric  acid  till  a  slight  turbidity  is  produced ;  the  liquid  is  filtered  £K>m  the 
red-btown  precipitate ;  the  filtrate  precipitated  with  a  slight  excess  of  nitric  acid ;  the 
white  precipitate,  which  is  gelatinous  at  first,  but  afterwa]^  curdy,  and  consists  of  fine 
needles,  collected  on  a  filter,  and  distilled  after  washing,  pressing,  and  diyisg ;  and  the 
distillate  boiled  with  a  slight  excess  of  aqueous  carbonate  of  sodium,  which  leaves  behind 
the  oily  dichloropheuic  acid,  while  the  crystalline  trichlorophenic  add  is  precipitated 
from  the  filtrate  by  nitric  acid,  and  purified  by  distillation.     (Laurent.) 

Didblorophenic  add  is  an  oil  whiim  volatilises  without  residue,  has  a  peculiar  odour, 
is  insoluble  in  water,  but  dissolves  very  easily  in  alcohol  and  ether.  With  aqueous 
ammonia  it  immediately  solidifies  into  a  crystalline  mass,  wbieh,  however,  on  ex* 
posure  to  the  air,  gives  off  ammonia  and  becomes  oily,  but  solidifies  when  again  treated 
with  ammonia.    The  solid  salt  is  soluble  in  water. 

THobloroptamilo  aeld.  C*H*C1"0.  Trichlorocarbolic,  Chloropheniaie  or  Chlo- 
rindopUc  acid.  (Laurent,  Ann.  Ch.  Phys.  [2]  Ixiii.  27 ;  [3]  iii.  497.)— This  add  is 
formed  by  the  action  of  chlorine  on  phenol  or  dichloropheuic  add ;  of  chlorine  in 
presence  of  water,  on  indigo,  aniline,  and  saligenin;  and  of  a  mixture  of  hydrochloric 
add  and  potassic  chlorate,  continued  for  a  shcvt  time  only,  on  phenoL 

It  may  be  prepared :  1.  From  coal-tar  naphtha,  either  by  the  method  just  described 
with  reference  to  dichlorophenic  add,  or  better,  by  repeatedly  distilling  the  oomraerdal 
oil  obtained  from  coal-tar,  collecting  apart  the  portion  which  boils  between  170^  and 
190^;  separating  it  out  from  the  naphthalene  which  crystallises  out  in  the  cold; 
pMssinff  chlorine  gas  through  it  for  a  day  or  two  according  to  the  quantity ;  distilling  it 
till  nouiing  but  a  carbonaceous  residue  is  left  (whereupdki  hydrochloric  add  is  given  off  and 
a  very  offensive  odour  emitted),  the  recdver  being  changed  at  certain  stages  of  the  pro- 
cess, and  the  first  and  last  portions  of  the  distillate  set  adds ;  passing  ch&rine  through 
the  middle  distillate  till  it  solidifies  into  a  crystalline  paste ;  purifying  this  mass  from 
adhering  oil  by  spreading  it  on  paper  and  pressing  it ;  aissolvinff  the  crystalline  mass — 
which,  beddes  the  trichh>rophenic  add,  likewise  contains  a  litUe  oil  sjid  crystalline 
chloralbhi  (C*C1^') — ^in  boiling  water  containing  ammonia;  filtering;  dissolving  in 
water  the  tnchlorophenate  of  ammonium  which  has  crystallised  out  on  cooling ;  mixing 
the  solution  with  hydrochloric  add  to  predpitate  the  trichlorophenic  acid ;  and  puri- 
fying this  product  bj  washing,  drving,  and  distillation.    (Laurent.) 

2.  From  Saligenin. — ^When  chlorine  gas  is  passed  through  an  aqueous  solution  of 
saligenin,  the  bottle  being  frequently  dos^  and  shaken,  the  liquid  immediately  becomes 
turbid,  then  depodts  a  yellow,  afterwards  reddish,  and  finally  orange-yellow  crystalline 
temn,  and  a  white,  bulky,  crvstalline  predpitate.  To  free  the  entire  predpitate  from 
»  dosdy  adhering  reddiali  oij^  it  is  distilled  three  or  four  times  with  oil  of  vitriol,  which 
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carbonises  the  oil,  with  eyolution  of  snlphuroas  and  hydrochloric  adds,  and  nltimatelj 
pore  trichlorophenic  acid  distils  over.     (Piria.) 

From  Indigo, — ^Wben  chlorine-gas  is  passed  through  water  in  which  indigo  is 
suspended,  and  the  yellowish-red  magma  is  distilled,  with  oohobation  of  the  watery 
distillate,  a  crystalline  sablimate  is  obtained,  consisting  of  trichloraniline  and  tri- 
chlorophenic acid;  and  when  this  mixture  is  distilled  with  potash,  the  trichlora- 
niline passes  over,  while  crystallised  trichlorophenate  of  potassium  remains  behind, 
mixed  with  free  potash.  This  residue  is  pressed,  exposed  to  the  carbonic  acid  in  the 
air,  dissolved  in  the  smallest  possible  quantity  of  boiling  alcohol,  and  left  to  cxystallise 
after  filtration ;  and  from  the  aqueous  solution  of  the  capillary  crystals  thus  obtained, 
the  trichlorophenic  acid  is  precipitated  by  acids.    (Erdmnnn.) 

Trichlorophenic  acid  czystallises  from  solution — best  from  rock-oil — or  by  sublima- 
tion, in  very  slender  silky  needles  or  in  right  rhombic  prisms,  generally  exhibiting  the 
eombioation  odP  .  oof^ao  .  oP.  Angle  ooP  :  ooP  «  110^;  ooP :  Qol>ao  <«  146^'. 
It  melts  at  44^  f  L  a  u  r  e  n  t) ;  58^  (P 1  r  i  a),  and  solidifies  on  cooling  to  a  radiated  mass  of 
needles.  It  boils  at  260°  and  distils  without  alteration.  It  has  a  very  penetrating  and 
persistent  odour,  and  is  easUy  set  on  fire,  burning  with  a  green-edged  smoky  flame  and 
emitting  hydrochloric  acid  vapours.  It  is  insoluble  or  nearly  so  in  water^  but  dissolves 
in  all  proportions  in  alcohol  and  ether  ;  it  dissolves  also  in  oi2s,  both  fat  and  volatile ; 
easily  also  in  yirwcm.  fumdng  sulphurie  acid,  with  which  it  solidifies  to  a  mass  of  needles 
on  cooling.  Boiling  nitric  acia  converts  it  into  a  reddish  substance  (called  ehlorophenyl 
by  Laurent  and  containing  37 *B  per  cent.  0,  1*92  H,  and  54*8  CI),  which  becomes 
crystalline  by  prolonged  ebullition.  Trichlorophenic  acid  heated  with  chlorate  of 
potassium  and  l^drocMorio  acid  is  converted  into  perchloroquinone  or  chloraml : 

c«H»a«o   +    CI*   +    o     =     c^i'o    +•  3Ha. 

The  triehlorophenates  give  off  trichlorophenic  acid  by  dry  distillation,  leaving 
a  metallic  chloride  and  charooal.  Thev  bum  with  asmokv  green-edged  fiame.  Nitric 
acid  added  to  these  solutions,  throws  down  the  trichlorophenic  acid  in  the  form  of  a 
bulky  mass.    (Laurent) 

Amnumivfmrsalt. — The  solution  of  the  acid  in  aqueous  ammonia,  yields  needles  which 
have  a  slight  alkaline  reaction,  and  sublime  completely  when  exposed  to  the  heat  of  the 
sun,  but  by  dry  distillation  in  a  retort,  are  partially  resolved  into  nitro^n,  ammonia, 
trichloropnenic  acid,  dichlorophenic  acid,  and  sal-ammoniac  The  salt  dissolves  very 
sparingly  in  cold,  very  easily  in  hot  water,  or  in  water  containing  alcohol  (Laurent). 
The  potassium  and  sodium-salts  form  very  slender  needles. 

The  barium-salt  is  obtained  as  a  white  gelatinous  precipitate  on  mixing  a  concen- 
trated solution  of  the  ammonium-salt  with  chloride  of  barium.  Dilute  solutions  yield 
no  precipitate,  but  if  both  solutions  are  boiling  and  concentrated,  the  trichlorophenate 
of  barium  separates  in  long  needier 

The  ammonium-salt  throws  down  from  concentrated  (not  from  dilute)  solutions  of 
chloride  of  calcium,  and  likewise  of  alum,  a  white  jelly ;  it  precipitates  neutral  acetate 
of  lead  and  ferrous-salts,  white ;  ferric  salts,  reddish ;  cobalt-salts,  reddish ;  nickel- 
salts,  greenish ;  cupric  salts,  brown-red  (dark  puiple  violet,  according  to  Erdmann  and 
Hofimann),  the  precipitate  dissolving  with  brown  colour  in  hot  alcoh(U,  and  crystallising 
on  cooling  in  brown,  shining,  oblique  rectangular  prisms ;  mercurous  nitrate,  white, 
according  to  Erdmann ;  mercuric  chloride,  yellowish-white,  curdy ;  and  nitrate  of 
silver,  lemon-yellowish.  The  silver- salt  thus  obtained  has  the  composition  CH*AgCl'0. 
(Laurent) 

Ventaolilmropbeiito  ttoid.   CHCIK).    Perchlorophenic,  Perehloroearbolic,  Chloro^ 

?hsnusicoT  Chlorinated  Chlorindoptic  acid,  (Erdmann,  J.  pr.  Chem.  xxii.  272. — 
laurent,  Ann.  Ch.  Phvs.  [31  iii.  497.)— Produced  by  the  action  of  chlorine  on  an 
alcoholic  solution  of  triddorophenic  acid,  chlorisatin,  or  dichlorisatin  (iii.  406,  408). 
To  prepare  it,  chlorine  is  passed  into  boiling  alcohol  of  80  per  cent  containing  chlori- 
satin or  dichlorisatin  in  suspension  or  solution,  till  the  thick  oily  precipitate  thereby 
produced  no  longer  increases.  This  precipitate  is  washed  with  water  (to  extract  sal- 
ammoniac),  and  exhausted  when  cold  with  alcohol,  which  leaves  undissolved  the  greater 
part  of  the  perchloroquinone  (chloranil)  formed  at  the  same  time;  the  alcoholic 
solution  is  mixed  with  water  which  throws  down  a  resinous  substance,  and  this  ptecipi- 
tate  is  dissolved  in  hot  caustic  potash.  The  solution  thus  obtained  deposits  on  cooling, 
crystals  of  potaseic  pentachlorophenate,  which  is  purified  by  recrystallising  it  several 
times  from  potash,  wherein  it  is  but  slightly  soluble. 

Pentachloropbenic  acid  precipitated  from  the  potassium-salt  by  hydrochloric  add 
forms  white  fiocks,  which  when  dissolved  in  rock-oil,  separate  in  right  rhombic  prisms, 
tnmcated  on  the  acute  lateral  edges.  Angle  ooP  :  ooP  «  about  110°.  It  is  lesa 
fusible  and  less  volatile  than  trichlwophenic  acid,  but  may  be  sublimed  in  long  needles 
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by  difltillation  with  waten.    Its  odour  is  like  that  of  triehlorophenio  add,  bat  more 
agreeable. 

PerUaekloropkenate  of  Ammonntm  forms  groups  of  lamiiifty  spariiiglj  solnble  in  water. 
The  potatrium-tali  erystallises  in  needles  or  rhombic  prisms.  The  solution  does  not 
precipitate  the  salt  of  ealcium  or  magneawm  ;  bnt  fbnns  a  white  ilocealent  precipitate 
^\h  chloride  of  barium;  brownish-white  with  tro»-#a/^;  reddish  with  «it<ratoo/ooia(r  ; 
sreenish  with  nUraU  of  nackd  ;  dark  Tiolet-porple  with  euprie  sulphaU;  white  floees- 
knt  with  meivurie  nitrate  or  chloride;  yellow  with  nitrate  of  siiver.  The 
thus  formed  contains  C*AgGlH). 

8.  lodophenole  or  lodopkmme  Jeide. 


The  mono-  and  di-iodated  compoands  are  produced,  with  copious  evolution  of  hy* 
drochloric  add,  by  the  adaim  ef  chloride  of  iodine  on  phenoL  The  solution  of  th« 
t»iduein  soda-ley  Tidda,  on  addition  of  hydrochloric  add,  a  greyish-white  visdd  body 
«Udi  wbm  heated  under  the  ordinary  atmospheric  pressure,  is  resoWed  into  a  largo 
quanti^  of  iodine  and  rosolic  add,  but  when  distilled  m  a  vacuum,  yields  liquid  mono- 
and  di-iodophenol  containing  a  small  quantity  of  rosolic  add. 

Hfono'iodophenolf  G^*IO,  is  colourless,  sympy,  insoluble  in  iso^,  soluble  in 
alcohol  and  ether,  and  forms  with  alkalis,  crystallisable  salts  which  are  soluble  in  pure 
water,  but  insoluble  in  stronff  potash-ley. 

Di-iodophenol,  C*H^I*0,  is  a  colourless  solid,  which  melts  at  about  110^,  dissolves 
sparingly  in  water,  and  crystallises  ttom  hot  dilute  alcohol  in  slender  flattened  needles. 
tt  dissolves  in  alcohol,  ethir,  and  alkalies  formiuff  with  the  latter,  compounds  which  are 
soluble  in  water,  bat  insoluble  in  strong  pottt£-ley.  When  heated  it  gives  off  iodine 
and  leaves  rosolic  add.  (Schutzenberger  and  Sengenwald,  Compt.  rendliv.  197.) 

4.  Nitrophenole  or  Nitrophenie  Jeide, 

Wltropbenle  aold,  <>H«(NO>)0.  Nitroearbolic  acid.  (Hofmann,Ann.  Ch.Pharm. 
Ixzv.  358;  ciii.  247. — ^Fritzsche,  Fetersb.  Acad.  BnlL  xvi.  11;  J.  pr.  Chem.  Uxiii. 
293;  Jahresb.  1857,  p.  463.) — This  add  is  produced  by  the  action  of  nitric  add  on 
phenol,  and  by  that  of  nitrous  acid  upon  aniline.  When  nitric  oxide  gas  is  passed  into 
a  solution  of  aniline  in  strong  nitnc  add,  a  brown  resinous  mixture  is  formed  con- 
taininff  crystalline  nitrophenie  add,  a  brown  amorphous  substance,  and  a  trace  of 
phenoL  Nitrophenie  acid  is  also  obtained  in  small  quantity  by  distilling  aniline  with 
dilute  nitric  acid.    (H  o  f  m  a n  n.) 

Freparationfrom  Phenol. — To  obtain  nitrophenie  add  free  from  di-  and  trinitrophenio 
adds,  the  action  of  the  nitric  add  must  be  carefully  regulated.  For  this  purpose 
Hofmann  mixes  phenol  and  the  strongest  nitric  add  by  small  quantities,  keeping  the 
whole  well  cooled  by  a  freezing  mixture ;  then  adds  water,  and  distils  the  reeutinff 
mixturo  of  water,  oil  and  resin ;  or  he  distils  a  homogeneous  mixture  of  phenol  and 
water  with  ordinary  nitric  acid,  whereupon  the  liquid  suddenly  turns  brown,  a  resin 
separates  from  it,  and  vellow  drops  of  nitrophenie  add  pass  ove.  with  the  watery 
distillate  and  soon  solidify  in  the  crystalline  form.  Fritzsche  dissolves  2  pts.  of 
puro  phenol  in  100  pts.  boiling  water,  adds  8  pts.  of  fuming  nitric  add  of  specific 
gravity  1*51,  and  distils.  At  Snt  the  nitrophenie  add  add  passes  over  in  oily  drops 
which  ultimately  solidify ;  afterwards  as  an  aqueous  solution,  the  first  portions  of  which 
deposit  needle-shaped  crystab  of  nitrophenie  add  when  cooled  to  0°.  The  nitrophenie 
acid  separated  from  the  accompanying  Uquid  is  purified  by  redistillation  with  water 
and  recrystallisation  from  alcohol  and  ether. 

Propertiee. — ^Nitrophenie  add  crystaUifics  in  prisms  of  132^  49^,  and  47^  11',  having 
their  acute  and  obtuse  edges  much  truncated,  but  whether  they  aro  trimetric  or  mono- 
dinic  could  not  be  determined,  on  account  of  the  imperfect  devdopment  of  the  ter- 
minal frees  (Kokscharow,  Fetersb.  Acad.  BulL  xvii.  273).  It  has  a  light  yellow 
colour,  an  aromatic  not  unpleasant  odour,  and  sweet  aromatic  taste ;  melts  at  42^,  and 
solidifies  again  at  26^  (Hofmann);  melts  at  46°,  and  solidifies  at  the  same  temperaturo 
(Fritzsche);  boils  at  216<'  (Hofmann),  at  214<>  (Fritzsche).  It  dissolves  easily 
in  alcqhol  and  ether  (Hofmann,  Fritzsche),  and  separates  therefrom  by  slow  evap- 
oration in  ydlow  needles  (Hofmann);  sparingly  in  water  (Hofmann),  sparingly  in 
cold,  more  easily  in  hot  water  (Fritzsche);  easily  in  benzene  and  aulpkide  of  carbon 
(Fritzsche).  The  solutions  have  an  add  reaction.  By  sulphuric  acid  it  is  converted, 
slowly  when  dissolved  in  ammonia,  easily  when  dissolved  in  potash  or  soda,  into  ami- 
dophenol,  C«H»(NH«)0.     (Hofmann.) 

The  nitrophenates  aro  scarlet  or  orange-coloured  according  to  the  quantity  of 
water  which  they  contain. 

The  ammoniumrealt  separates  on  cooling  from  a  solution  of  nitrophenie  add  in  warm 
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aqueous  ammooia^  in  onnge-yellow  laminar  crjatala,  which  quickly  give  off  ammonia 
even  when  exposed  to  the  air  in  the  moist  state.  The  dry  saltismoze  easilj  prepared 
by  passing  dry  ammonia-gas  into  an  ethereal  solution  of  nitzophenic  acid,  whereupon 
it  separates  in  laminar  crystals^  which,  after  b«ing  quiddy  washea  with  ether  and  pressed 
between  paper,  may  he  preserved  in  a  well-dosed  vessel  (F  r  i  t  s  s  ch  e).  The  potasaium' 
salt  is  obtained  hj  dissolving  an  excess  of  nitrophenie  add  in  a  solution  of  caustic 
potash  in  alcohol  of  90  percent  and  crystallises  from  the  concentrated  liquid  on  cooling 
in  flat  orange-red  ctystals  containing  2C*H^N0*)0.HK) ;  between  120°  and  ISO^' 
they  giye  off  their  water  and  turn  red.  The  same  salt  may  be  obtained  in  orange- 
colonic  needles  by  the  process  given  by  Hofmann  for  the  preparation  of  the  sodium- 
salt  (Fr i tzsche).  The  aodium-stUt,  C'H«Na(NO*)0,  is  obtained  in  scarlet  crrstaLi  by 
adding  soda  in  fxcess  to  nitrophenie  add,  exposing  the  compound  to  the  air  till  all  the 
free  soda  is  converted  into  carbonate,  ana  reczystalUsing  from  absolute  alcohol. 
(Hofmann,  Fritzsche.) 

The  banum-talt,  0"H*Ba''(NO')*0*,  separates  in  scarlet  tabular  oystals  on  boiling 
baryta-water  with  excess  of  nitrophenie  add  till  the  excess  is  driven  off,  and  leav- 
ing the  filtrate  to  eod  (Fritaache). — The  strontium^ali  prepared  in  like  manner 
forms  orange-coloured  needles  eontainii^  0'nPHi^(HO"fO«.«frO  (Fritaaehe).— TIm 
ealcium-salt  crystallisea  in  orange-coloured  needles,  C><H"Ca''(N0*)'O'.H'O,  or  pUtes, 
G**H"Ga"(^0>)*0'.4H*0,  which  turn  red  when  dehydrated.    (Fritaache.) 

MoffTtesiuni'^alt. — ^Magnesia  boiled  with  nitrophenie  add  forms  a  red  solution 
which  depodts  needle-ah^ped  crystals.  Nitrophenie  add  boiled  with  carbonate  of  mag- 
nesium expels  only  a  portion  of  the  carbonic  acid.     (Fritzsche.) 

The  soluble  nitropnenates  form  orange-red  predpitates  with  acetate  of  lead  and 
mercuric  chloride  (Hofmann).  The  predpitates  formed  in  solutions  of  nitrophenates 
by  einc,  copper,  and  lead-ealte  quickly  decompose,  with  separation  of  nitrophenie  add* 
(Fritzsche.) 

SUvet'Salt,  C*H*Ag(NO*)0. — Orange-red  predpitate,  gelatinous  and  difficult  to  wash 
(Hofmann).  Kitrat«  of  silver  added  to  a  concentrated  solution  of  a  nitrophenate 
forms  a  deep  orange-red  predpitate  which  at  first  consists  of  microscopic  needles,  but  in 
contact  with  the  uquid  soon  changes  to  a  powder  condsting  of  thick  crystals.  A  dilute 
solution  of  silver-nitrate  mixed  with  a  solution  of  nitrophenie  add  in  a  slight  excess  of 
ammonia^  depodts  at  first  long  needles  of  a  deep  red  colour,  between  which  oraDge- 
coloured  crystals  sradually  form,  and  ultimately  the  entire  depodt  changes  to  a  mass 
of  granular  crystalB.    The  salt  is  anhydrous  in  both  forms.     (Fritzsch  e). 

Ethylic  nitrophenate  or  Nitrophenetol,  C*H«(0*H*)(NO>)0,  is  prepared 
by  decomposing  the  silver-salt  with  ethyuc  iodide,  exhausting  with  ether,  evaporating 
the  ethereal  extract,  and  distilling  the  residual  brown  oily  liquid.  It  then  passes  oyer 
as  a  nearly  inodorous  wine-yellow  li<^uid,  insoluble  in  water,  easily  soluble  in  alcohol 
and  ether,  slowly  decomposed  by  boiling  with  potash  (Fritzsche).  The 'same  com« 
pound  appears  to  be  formed,  together  with  ethylic  diuitrophenate  or  dinitrophenetol 
(p.  399),  when  ethylic  phenate  is  treated  with  friming  nitric  add.    (Cahours.) 

Zaonitropbeiile  aeid.  0'H*(NO*)0.  (Fritzsche,  Petersb.  Acad. Bull. xvii.  U6\ 
J.  pr.  Chem.  Ixxt.  257 ;  Jahresb.  1858,  p.  407.) — This  add,  which  has  the  same  com- 
position as  nitrophenie  add,  but  differs  srom  it  in  its  properties  and  in  the  constitution 
of  its  salts,  is  pitnlneed,  simultaneously  with  nitrophenie  add,  in  the  first  stage  of  tiie 
action  of  nitric  add  on  aqueous  phenol.  It  is  found  in  the  residue  left  after  the  nitro- 
phenie add  has  been  distilled  off;  but  in  order  to  obtain  it  from  this  residue,  it  is  im- 
portant to  ensure  the  absence  of  diuitrophenic  add,  and  therefore  not  to  use  an  excess 
of  nitric  acid.  Fritoche  therefore  dissolyes  4  pts.  of  phenol  in  100  pts.  of  hot  water, 
adds  5  pts.  fuming  nitric  add  of  specific  gravity  1*51,  previously  diluted  with  20  pts.  of 
water,  and  distils  off  about  a  third  or  half  (^  the  mixture.  The  distillate  contains  a 
large  quantity  of  nitrophenie  add;  the  residue  is  free  from  dinitiophenic  acid,  and 
oondsts  of  a  dark  brown  rednous  bodv,  which  for  the  most  part  adheres  dosely  to  the 
sides  of  the  retort,  and  a  yellow  liquid  which  separates  in  oily  drops  on  cooling.  This 
liquid,  together  with  the  solution  obtained  by  boiling  the  resinous  mass  with  water,  is 
filtered  hot,  and  immediatelv  supersaturated  with  caustic  soda,  in  which  isonitro- 
phenate  of  sodium  is  insolubie.  This  sodium-salt^  which  separates  on  cooling  as  a 
yeUow  crystalline  powder,  is  separated  from  the  liquid  by  filtration  through  pounded 
glass,  washed  with  a  little  soda-ley,  and  crystallised  nom  the  smallest  posdble  quantity 
of  boiling  water,  from  which  it  separates  on  cooling  in  prismatic  or  tabular  crystals. 
To  isolate  the  isonitrophenic  add,  a  solution  of  the  sodium-salt,  saturated  at  mean 
temperature,  is  mixed  with  hydrochloric  acid  at  the  temperature  of  about  40°,  till  the 
previously  yellow  liquid  has  become  colourless :  the  acid  then  separates  on  cooling, 
first  in  oily  drops,  afterwards  in  slender  needles.  To  purify  it  by  reciystallisation,  it 
must  be  dissolved  in  water  not  hotter  than  40°,  since  at  higher  temperatures  a  portion 
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of  the  add  separates  in  the  liquid  state,  and  usually  with  a  yellowish-red  colour,  which 
it  retains  eren  after  solidifying. 

PropertUa, — ^Isonitrophenic  acid  oystallisee  from  its  pure  aqueous  solution  in  slender 
colouness  needles ;  but  by  spontaneous  evaporation  of  an  ethereal  solution,  it  may  be 
obtained  in  larger  crystals  which  assume  a  yellowish-red  colour  on  exposure  to  Ught 
and  air.  These  two  forms  are  distinguished  byFritzscheas  the  colourless  and  the 
coloured  modification.  The  acid  is  not,  however,  dimorphous ;  for,  according  to  Kok- 
scharow,  both  forms  are  monodinic,  and  have  their  principal  axis  clinodiagonal  and 
orthodiagonal  in  the  same  ratio,  vis.  as  1*0338  :  1  :  1*6094,  and  the  two  former  axes 
inclined  at  an  angle  of  76^  37'.  The  aystals  of  the  coloured  modification  exhibit  the 
combination  oP  .  +  P  .  ooP^  .  ooPoo ,  while  the  needlendiaped  crystals  of  the  oolomv 
less  modification  exhibit  at  the  ends  only  the  foce  ^P. 

Isonitrophenic  acid  is  inodorous,  has  a  sweetish  taste,  with  burning  after-taste.  It 
dissolves  very  easily  in  alcohol ;  the  solution  becomes  milky  on  addition  of  water,  and 
the  acid  which  gradually  collects  together,  remains  liquid  for  days,  if  only  a  small 
quantity  of  water  has  been  added.  In  die  dry  state  it  melts  at  about  110^;  under 
water  between  48^  and  60^.  At  a  stronger  heat,  it  boils  and  passes  over  for  the  most 
part  undecomposed ;  it  volatilises  perceptibly,  however,  at  lower  temperatures,  even 
below  its  melting  point,  also  with  aqueous  vapour  when  boiled  with  water.  It  is 
scarcely  attacked  by  strong  sulphurie  acid^  even  after  prolonged  boiling.  When  it  is 
treated  with  iron  jUinga  and  dilute  acetic  aeidj  a  violent  action  takes  place,  and  a 
dark  brown  sparingly  soluble  iron-salt  is  formed,  containing  a  peculiar  add  not  yet 
examined. 

Isonitrophenatea. — Isonitrophenic  add  is  a  weak  add ;  it  expels  carbonic  add 
from  the  carbonates  of  the  alkali-metals,  and  from  masnesia  alba ;  but  scarcely  attacks 
the  carbonates  of  the  other  earth-metals,  even  at  the  boiling  heat.  It  forms  but  one 
ethyl-compound,  and  is  therefore  probably  monobasic;  nevertheless,  it  forms  two 
classes  of  salts,  namely  neuiral  aalU,  C«H*M'NO>  or  C"H"M"N»0«,  which  are  mostly 
yellow  or  brownish-yellow  in  the  hydrated,  and  brick-red  in  the  anhydrous  state ;  and 
acid  salts,  C«H*MNO».C»H»NO»  or  C"H*M"N«0«.C«H"1TO«,  from  which  the  second 
atom  of  acid  may  be  removed  by  ether. 

The  neutral  aniTnonium-salt  (ob*«ined  from  a  solution  of  the  add  in  excess  uf  warm 
aqueous  ammonia)  and  the  acid  salt  (by  cautiously  adding  acetic  add  to  a  cold  saturated 
solution  of  the  preceding)  crystallise  in  yellow  needles ;  both  salts  melt  when  heated, 
and  give  off  their  ammonia. — Potassium-salts,  The  add  dissolves  easily  in  dilute 
potash-ley ;  and  on  adding  excess  of  potash  to  this  solution,  the  neutral  salt  C'H^KNO'. 
2H*0  separates  as  a  golden-yellow  microscopically  crystalline  predpitate,  which,  when 
recrystallised  from  a  small  quantity  of  hot  water,  forms  confused  crusts  of  crystals  con- 
taining C*H*KN0'.2HK) ;  they  give  off  thdr  water  at  1 30^,  but  recover  it  on  exposure  to 
the  air.  From  a  cold  concentrated  solution  of  this  salt  mixed  with  a  little  acetic  acid, 
or  from  a  solution  of  the  neutral  salt  and  the  free  acid  in  equivalent  proportions,  the  acid 
salt,  CH^KNO'.OH^NO*,  separates  in  prismatic  crystals  which  appear  also  to  contain 
2  at  water,  but  give  off  acid  as  weU  as  waterwhen  heated. — Sodium-salts^  A  solu- 
tion of  the  neutral  sodiitm-salt  prepared  as  above  described  (p.  395)yield8  at  ordinary 
temperatures  yellow-brown  crystals  which  contain  CH^NaN0*.4HH),  give  off  half 
their  water  on  exposure  to  the  air,  becoming  opaque  and  yellow,  and  the  remainder  at 
110°;  the  anhydrous  salt^  which  has  a  bnck-red  colour,  takes  up  2  at  water,  and 
becomes  yellow  again  on  exposure  to  the  air.  On  adding  acetic  acid  by  drops  to  a 
cold  saturated  solution  of  the  neutral  sodium-salt,  the  ocm  siUt  is  soon  deposited  in 
prismatic  crystals,  which,  when  recrystallised  from  water,  yield  slender  orange-red 
prisms  containing  C«H*NaNO».C«H*NaO«,2H«0. 

Barium-salts,  The  neutral  salt,  C"H"Ba''N*0«.8H'0,  crystallises  from  a  mixture 
of  the  neutral  sodium-salt  and  chloride  of  barium,  in  brown-yellow  monodinic  prisms 
with  basal  end-foces ;  it  slowly  gives  off  half  its  water  when  exposed  to  the  air,  and 
becomes  anhydrous  at  120^.— The  acid  salt,  C'*H«Ba'Tf*0«.C'«fl"N«0*  4flH),  separates 
in  distinct  crystals  from  a  mixture  of  the  neutral  salt  and  the  free  acid  in  equivalent 
proportions. — In  like  manner  are  obtained  theneutral  strontium-salt,  C"H^r''N*0*.7H*0, 
in  yellow  needles;  the  acid  strontium-salt  in  light  yellow  prisms; — ^also  the  neutral 
calcium^salt,  C'*H'Ca"N»0*.4H*0,  in  yellow  needles,  and  the  acid  calcium-salt 
C'«H«Ca''N20«.C«H»«NK)«.8HK),  which  separates  from  a  hot  solution  on  cooling  in  short 
flat  prisms. 

The  magnesium-salt,  C"H«Mg^«0*.8H*0,  crystallises  from  a  mixture  of  the  hot 
solutions  of  the  neutral  sodium-salt  and  sulphate  of  magnesium,  or  from  the  solution 
obtained  by  boiling  the  aqueous  add  with  excess  of  magnesia  alba,  in  flat  prisms  or 
tablets, — An  add  magnesium-salt  does  not  appear  to  exist 

Solutions  of  copper  and  sino^salts,  added  to  soluble  isonitrophenates,  throw  down 
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precipitates  eonsisting  of  baaie  nits,   while  free  ieonitropheme  Acid  lemftiiie    in 
solution. 

Lead'$alt9.  The  neutral  salt  has  not  been  obtained. — ^By  dropping  a  solution  of  the 
sodium-salt  into  a  boiling  solution  of  neutral  lead-acetate^  the  mlt  3C**H*Pb'7f*0. 
2Fb'0,  is  obtained  as  an  orange-coloured  precipitate^  flooculent  at  first  but  soon 
changing  to  a  granular  mass  of  microscopic  six-sided  tablets. — An  acid  lead-salt  sepa- 
rates on  cooling  from  a  solution  of  isonitrophenic  acid  in  hot  aqueous  neutral  acetate  of 
lead,  in  light  yellow  needles,  which  after  redystallisation  contain  4G"H*Pb"NH)'. 

Silver-salts, — ^The  precipitates  formed  on  mixing  solutions  of  alkaline  isonitrophen- 
atesand  silyer^nitrate,  differ  in  composition  according  to  the  constitution  of  the  soluble 
isonitrophenate  used,  the  concentration,  temperature,  and  proportions  of  the  mixed 
solutions,  and  the  manner  in  which  thej  are  brought  together.  The  neutral  silver-salt 
containing  when  airKbied,  C^^AgNCHK),  is  obtained  on  dropping  a  cold  solution  of 
neutral  isophenate  of  sodium  or  ammonium  into  solution  of  silxer-nitrate,  as  a  bulky 
scarlet  precipitate,  which  soon  changes  under  the  liquid  to  a  mass  of  microscopic  prisms 
of  a  deep  orange-yellow  colour.  I^  on  the  contrary,  nitrate  of  silver  be  addea,  wi^ 
stirring,  to  a  cold  aqueous  solution  of  neutral  isonitrophenate  of  ammonium,  the  liquid 
becomes  milky,  a  red  precipitate  is  formed,  and  afterwards  a  permanent  light-yellow 
precipitate  consisting  of  adouble  isophenate  of  silver  and  ammonium.  When  a  mixture 
of  the  hot  solutions  dTa  neutral  alkaline  isonitrophenate  and  silver-nitrate  is  left  to  cool, 
especially  if  the  latter  is  in  excess,  an  acid  sUver-salt^  6G'H*AgN0'.C'H*N0',  separates 
in  purple  needles,  which  if  left  in  the  liquid,  ultimatelv  change  into  the  neutial-salL 
A  mixture  of  the  warm  solution  of  the  acid  sodium-salt  with  excess  of  a  concentrated 
solution  of  silver-nitrate,  also  yields  crystab  of  the  purple  salt  just  mentioned;  but  the 
last  portions  rediasolved  in  the  liquid  after  complete  cooling,  and  in  theiridaoe  there 
are  formed  yellowish-green  laminae  of  the  nonnsl  add  salt  G*H*AgNO".C*£l*NO'.H*0, 
which  quickly  turn  scarlet  on  exposure  to  the  air.  On  dissolving  either  of  the  pre- 
cediug  silver-salts  in  ammonia,  an  isonitrophenate  uf  ar^entammonium  is  formed.  A 
double  isonitrophenate  of  ammonium  and  argentammonium  has  also  been  obtained  in 
rather  large  crystals. 

Ethylie Isonitrophenate  or  Isonitrofhenetol,  C«H*(C*H»)(NO«)0,  is  ob- 
tained by  decomposing  the  neutral  silver-sslt  with  ethylic  iodide,  distilliDg  offthe  excess 
of  the  latter  and  exhausting  the  residue  with  ether.  It  crystallises  in  colourless  prisms, 
easily  soluble  in  ether,  less  soluble  in  alcohol,  insoluble  in  water;  has  a  peculiar  aromatic 
odour;  melts  at  67** — 58°  to  an  oily  liquid  which  solidifies  in  a  crystalline  mass; 
begins  to  boil  at  a  stronger  heat,  and  may  be  distilled  for  the  most  part  without 
decomposition.     (Fritzs  che.) 

Vltro-dl6liloroplieiilc  add.  CH*C1XN0')0.— Obtained  by  treating  rectified 
coal-tar  naphtha,  first  with  chlorine,  then  with  nitric  acid.  The  product  mixed  with 
water  is  neutralised  with  ammonia,  and  boiled ;  the  filtered  solution  is  neutralised  with 
ammonia,  and  the  nitro-dichlorophenic  add  which  separates  on  cooling  is  purified  by 
recrvstallisation  from  aloohoL  It  is  vellow,  soluble  in  wxter^  moderately  soluble  in 
boiliDg  alcohol  and  in  ether ^  and  crystallises  in  beautifbl  monodinic  prisms  having  the 
angle  odP  :  ooP  -  SS®  ;  ooP  :  oP  -  108°  20'  to  108<^  Z(f,  When  quickly  heated  in 
a  close  vessd,  it  decomposes  with  ignition. 

The  ammonium-salt  ciystalUses  in  beautlAiI  orange-red  needles  which  when  cautiously 
heated  partly  sublime  without  decomposition.  The  jpotaseium-salt,  C^*KC1*(N0')0, 
crvstallises  in  vejy  brilliant  laminse,  which  exhibit  bv  refiection  two  verv  different 
colours,  appearing  of  a  fine  crimson  in  one  direction,  and  pure  yellow  in  another.  The 
other  salts  resemble  the  trinitrophenates  or  picrates.  (Laurent  and  D  e  1  b  o  s,  Ann. 
Ch.  Phys.  [8]  xix.  380.) 

«ltro-dl'4od€»p]fteiito  aoid.  C*H*I'(NO*)0.— Formed  by  treating  hot  nitro- 
salicylic  add  with  iodine  and  adding  potash.  Its  properties  have  not  been  examined. 
(Piria,  Compt  rend,  xvi  187-) 

IMnitropbeiile  aeid.  C«H^'0*  »  G^«(NO<)*0.  Nitrophenesie  acid.  (Laur- 
ent, Ann.  Ch.  Phys.  [3]  iii  212.) — This  acid  is  produced  by  the  comparatively 
moderate  action  of  nitric  add  on  phenol  (Laurent);  also  by  boiling  dinitranisol 
(methylic  dinitrophenate,  i  306)  witn  alcoholic  potash.  (Ca hours,  Ann.  Ch.  Phys. 
[3]  XXV.  22.) 

Preparation, — 12  pts.  of  commerdal  nitric  add  are  added  by  separate  portions  in  a 
large  porcelain  basin  to  1  pt  of  that  portion  of  coal-tar  naphtha  which  boils  between 
160°  and  190°,  a  fresh  portion  being  added  as  soon  as  the  violent  intumescence  caused 
by  the  preceding  has  subsided,  in  which  case  the  mixture  becomes  hot  enough  to 
render  external  heating  unnecessary.  The  resulting  thick  red-brown  mass  is  freed  by 
water  from  the  greater  part  of  the  nitric  acid;  the  residue  boiled  with  veiy  dilute 
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ammonia ;  the  solutiloii  vliile  hot  rapidly  filtered  from  a  bxown  resinoiM  maw,  which  botm 
for  the  preparation  of  picric  add ;  the  brown  cnrstalline  aabstance  which  aeparatea 
within  24  homa  from,  the  dark  brown  filtrate,  ia  collected  (an  additional  quantity  of  the 
brown  reainoua  masa  serving  for  the  preparation  of  picric  add  may  be  predpitated  from 
the  mother-liqnor  by  adds) ;  the  crystalline  aabstance  is  diaaolred  in  boiling  water ; 
the  delicate  needles  of  dini^phenate  of  ammonium  which  form  on  cooling,  are  puri- 
fied by  fonr  recrystallisations  (the  matter  predpitated  from  the  mother-liqaora  by  nitric 
acid  serves  also  for  the  preparation  of  picric  add),  washed  with  cold  water,  and  dis- 
solved in  a  very  large  quantity  of  boiling  water ;  the  solution  is  filtered  as  quickly  as 
possible  from  any  of  the  brown  mass  that  may  be  predpitated;  the  mother-liquor  ia 
decanted  from  the  add  which  crystalliaea  on  cooling  boiled  with  fresh  ammonia,  again 
mixed  with  nitric  add,  &e. ;  and  finally  the  add  thus  obtained  in  fork-like  tofta,  ia  dis- 
solved in  boiling  alcohol  to  purify  it  from  a  small  quantity  of  oil :  it  then  dystaUises 
free  from  ofl  on  cooling.    (Laurent) 

iVo^Mr^tM.— Dinitrophenic  acid  forma  pale  brown-yellow  prisms  belonging  to  the 
trimetric  system,  and  exhibiting  the  combination  ooP  .  ooPoo  .  ^ao  with  P  very  sub- 
ordinate. Angle  ooP  :  ooP  »  130<>;  ooP  :  oofoo  -  115°;  ooPoo  :  f«  «  127<>. 
Ratio  of  prindpal  to  secondary  axes  -  100  :  0*610  :  1*327.  It  melts  at  104<>,  and 
solidifies  in  a  radiated  mass  on  cooling ;  may  be  distilled  in  small  quantities  without 
decompodtion.  It  is  inodorous ;  tastdeas  at  first)  afterwards  veiy  bitter ;  colours  the 
cutide,  horn,  and  other  animal  tissues,  deep  yellow  (Laurent).  It  is  insoluble  in 
cold,  sparingly  soluble  in  hot  water;  easily  soluble  in  alcohol  and  etheTf  the  latter  when 
hot  taking  up  rather  more  than  a  fourth  of  its  weight  of  the  add. 

DeoofnponUons. — 1.  The  acid  detonates  when  suddenly  heated  in  a  tube,  or  slightly 
when  heated  in  the  air,  with  red  fiame  and  black  smoke,  leaving  a  reddue  of  dianxwl 
— 2.  When  heated  with  hrominef  it  is  converted  into  dinitrobromophenic  add. 
Chlorine  appears  not  to  act  upon  it — 8.  By  boiling  nitrie  add  it  is  quiduy  converted 
into  picric  add  (Laurent).— 4.  When  heated  with  chlorate  of  potaeeium  and  hydro- 
chloncacid,  it  is  Teijr  eadly  converted  into  perchloroquinone  (Hofmann,  Ann.  Pharm. 
lii.  62). — 5.  It  dissolves  in  wsrmfuminff  oU  of  vitrw^  and  then  decomposes,  with  rapid 
evolution  of  gas,  taming  brown  and  thickening  at  the  aame  time. — 6.  It  dissolves 
gradually  in  dilute  eulphuric  acidf  in  presence  of  einCt  forming  a  rose-coloured  liquid, 
which  is  turned  green  by  excess  of  ammonia,  without  predpitation. — 7.  When  digested 
wiUi  dilute  eulphuric  aad  and  baryta^  out  of  contact  of  air,  it  forms  a  blood-nduqnid 
(Laurent). — 8.  When  gently  heated  with  aqueous  eulpkide  of  ammonium^  it  forms  a 
nearly  black  liquid  whi(£  on  cooling  depodts  needles  of  nitrophenamic  add: 

2C«H*(N0«)K)     +     8BP8       -      C'*H«(NO«)»N«0«     +     4H*0     +     S«. 
Dlnltrophenle  Nitrophemonic 

ada.  acid. 

9.  Chloride  of  benzoyl  attadcs  dinitrophenic  add  when  heated  with  it,  giving  off  hydro- 
chloric add  and  forming  dinitrophenylic  benzoate  or  dinitrobenzophenide  (i.  644).— 

10.  With  pentachioride  of  phoephorue  the  acid  gives  off  hydrochloric  add  and  phos- 
phoric oxychloride  and  forms  dinitrophenylic  chloride. 

The  metallic  dinitrophenates  are  obtained,  sometimes  by  saturating  the  add  with 
the  pure  base  or  its  carbonate^  sometimes  by  double  deoompodtion.  They  are  yellow 
or  roseate  and  crystallisable.  They  all  dissolve  in  water,  and  in  this  form  impart  a 
strong  yellow  colour  to  animal  tissues.  Heated  somewhat  above  the  melting  point  of 
lead,  they  detonate  very  slightly,  with  emisdon  of  light  Sulphuric,  hydrochloric  and 
nitric  add  separate  the  add  from  them. 

The  ammonium-ealt  crystallises  from  boiling  water  in  long  thin  yellow  needles  having 
a  silky  lustre.  By  sublimation,  yellow  shining  lamina  are  obtained.  Very  sparingly 
soluble  in  water,  still  less  in  alcohol. 

The  potaeeium^ealt,  2C*H"KrN0')<0.H*0,  forms  yellow,  shining,  six-dded  needles, 
with  angles  of  116°.  They  redden  when  heated,  without  alteration  of  weight;  decom- 
pose and  become  opaque  below  100°  ;  give  off  3*00  per  cent  water  in  vacuo  at  100° ; 
melt  at  a  stronger  heat,  and  then  detonate.  They  dissolve  sparingly  in  cold  water, 
very  sparingly  in  cold  alcohol,  more  easily  in  hot  alcohoL  The  eodium-ealtfoTiDBjeJiiOWf 
silky  needles,  which  dissolve  pretty  easily  in  water. 

The  barium-ealt,  C"H«Ba*'(N0«)H)«6H»0  crystallises  in  thick,  roseate,  dx-dded 
oblique  prisms  and  needles,  with  two  angles  of  the  lateral  edges  of  89°,  and  four  of 
136^  30,  In  vacuo,  at  ordinary  temperatures,  they  give  off  6*6  per  cent  (2  at)  and 
at  100°  altogether,  16*42  per  cent.  (6  at)  water. 

The  ammonium-salt  mixed  with  chloride  of  etroniium,  the  solutions  being  hot  and 
concentrated,  soon  forms  silky  needles;  with  chloride  ofoaldum^  granules  consisting 
of  needles ;  with  o/iim,  needles.  It  does  not  predpitate  &e  salts  ^magnesiumf  manga- 
neee,  cadmium^  cobalt,  nickel^  or  copper,  or  mercuric  ealte, 

IHnitrophenate  of  Cobalt  forms  brown-yellow,  right  rectangular  prisms,  with  di- 
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hedral  summits.  Its  broim  aqiieoQS  solntioii  foims  with  ammonia  a  jellow  precipitate 
which  melts  and  detonates  when  heated.  The  eopper-talt  crystallises  in  yellow  silky 
needles,  whose  yellow  solution  forms  with  ammonia,  yellow  needles  sparingly  soluble 
in  ammonia  or  m  water. 

Lead-MUs,-^The  neutral  salt  has  not  been  obtained.  A  basic  tead-^t,  2C"H<Pb'' 
(KO')H)'JPb"0,  is  formed  on  pouring  a  boiling  alooholie  solution  of  the  acid  into  a 
moderately  concentrated  boihng  al«>holic  solution  of  neutral  scetate  of  lead,  and 
crystallises  on  cooling  in  spheriodgroups  of  microscopic  needles  having  a  fine  yellow 
colour.  Another  home  salt,  C"H«:^''(N0*)«0<.4H*0,  is  obtained  on  pouring  dinitro- 
phenate  of  ammonium  into  a  boiling  dilute  solution  of  neutral  lead-acetate.  It  is  one 
of  the  most  powerfully  detonating  of  all  salts.  The  ammonium-ult  forms  with  solution 
of  nitrate  of  silrer  a  reddish-yeUow  precipitate,  or  in  case  of  greater  dilution,  after  a 
while,  needles  iHiich  dissolTe  in  a  laige  quantity  of  water  or  alcohol.    (Laurent) 

Dinitrophenio  ethers,^!.  MetkifUo  difritrophtnaU  or  DinUramsol,  CH*KH)* 
»  CH*(GH')(NO^,  has  been  already  described;  also  the  base  Methyl-nUrophenidine 
or  IHtranisidine,  €rH*(NO')NO,  formed  from  it  by  the  action  of  suli^de  of  ammo- 
nium. 

Ethnic  Dinitrofhauae,  JHnUropkmita  or  DMirosalithol,  C^WSK>^  ^  C^H\C*R*) 
(NO*)"0,  is  obtamed  by  treating  ethylic  phenate  (p.  891)  with  an  equal  volume  of 
fuming  nitric  acid,  added  by  smsll  portions,  and  boiling  the  li<^uid  for  a  few  minutes 
till  it  becomes  dear,  and  then  adding  water.  Pinitropnenetol  is  thereby  precipitated 
as  an  oil  which  ultimately  solidifies,  and  may  be  aystiulised  from  boiling  aloohoL  It 
crystallises  in  yellow  needles  very  much  like  dinitraaisoL  When  cautiously  heated,  it 
sublimes  without  residue;  but  if  quickly  heated,  it  decomposes  with  ignition,  leaving 
an  abundant  deposit  of  charooaL  Sulphide  of  ammonium  eonverts  it  into  ethyU 
nitrophenidine,  C«H"(NO«)NO.  

jHnitroliroiiiopliaiilo  aold«  O^'BrlTO*  »  GfH^r(NO*)*0.  NUrohromo- 
phenetie  acid,  (Laurent,  Bev.  aeitnt.  vi.  65.)— This  add  is  produced  by  dissolving 
dinitrophenic  add  in  heated  bromine,  washing  the  crystals  which  separate  on  cooling 
with  a  small  quantity  of  alcohol,  dissolving  them  in  boiling  ether,  and  leaving  the  solu- 
tion to  crystallise  in  a  beaker  covered  with  paper.  It  is  sulphur-yeUow,  transparent ; 
cxystalliBes  from  ether  in  shining  monodinic  pnsms  having  the  angle  ooP  :  ooF  »  106^ 
30';  oP :  ooP  »  98°  30'. — From  boiling  water  or  alcohol,  it  separates  in  needles.  It  melts 
at  about  llO'^,  and  solidfies  on  ooolins  into  a  laminar  fibrous  mass.  When  strongly 
heated,  it  distils  partly  undecomposed  and  leaves  a  small  quantity  of  charcoal,  Per- 
manent in  the  air,  inodorous,  colours  the  skin  yellow,  like  picric  acid.  It  dissolves  very 
sparingly  in  boiling  watery  and  separates  almost  completely  on  cooling;  with  moderate 
facility  in  boiling  alcohol^  more  easily  in  etker.  It  dissolves  also  in  warm  oil  of  vitriol 
and  crystallises  therefrom  in  fern-like  tufts. 

IkcompoMtions, — 1.  The  acid  is  not  decomposed  by  chlorine  in  the  cold  and  but 
slightly  when  heated. — 2.  By  boiling  nitric  acid  it  is  converted  into  picric  add. — 8.  Its 
solution  in  warm  oil  of  vitriol  decomposes  when  heated. — 4.  Its  aqueous  solution  fonns 
with  ferrous  sulphate  and  limej  a  blood-red  liquid,  with  precipitation  of  ferric  oxide. 

Thedinitrobromophenates  are  yellow,  orange-c<MOured  or  red;  crystallise  welt; 
resemble  the  picrates ;  detonate  for  the  most  part,  h'ke  those  salts,  when  heated,  but 
less  strongly,  and  in  a  dosed  space  with  emission  of  light;  most  cf  them  dissolve 
in  water,  from  which  solution,  sulphuric,  hydrochloric  or  nitric  add  separates  the 
dinitrobromophenic  acid. 

The  ammomum-salt  forms  yellow  eight-sided  needles  derived  from  a  rhombic  prism. 
In  vacuo  at  100^  they  give  off  8*57  per  cent,  water,  and  1*86  per  cent  more  at  a  heat 
nearly  sufficient  to  volatilise  them,  and  then  sublime,  for  the  most  part  undecomposed, 
in  yellow,  shining  right  rhombic  prisms,  with  lateral  edges  of  45°  and  135°. — The 
potassium-salt  forms  yellow,  silky  needles,  sparingly  soluble  in  water  and  alcohoL 

The  barium-salt,  C»*H*Br"Ba''(N0«)<0*.4H«0,  forms  dark  yellow  needles,  which  dis- 
solve  very  readily  in  water,  give  off  in  vacuo  at  ordinaiy  temperatures,  7*6  per  cent. 
(3  at.)  water,  assuming  a  scarlet  colour,  and  at  100°,  9*42  per  cent.  (4  at.)  in  aU. 

The  calcium-salt  forms  long  yellow  laminae,  which  are  oblique  rectangular  prisms. 
Thev  turn  about  on  recentiy  dried  paper  or  in  vacuo,  giving  off  water  ana  assuming  a 
scarlet  colour.  The  ammonium-salt  ooes  not  form  any  predpitate  with  chloride  of 
strontium^  magnesium  or  manganese,  * 

Le€id-salt. — ^When  a  boiling  dilute  solution  of  the  ammoninm-salt  is  poured  into  a 
boiling  dilute  solution  of  neutral  acetate  of  lead,  there  is  immediately  formed  an  orange- 
yellow  predpitate  of  a  basic  salt  containg  87  per  cent,  lead-oxide;  and  the  liquid  de- 
canted thereifrom  after  some  seconds,  forms  pale  yellow  silky  needles  of  the  di^umbic 
salt  C"H*Br«Pb"(NO«)H)*.Fb'^«0«,  which  g^ve  off  8*3  per  cent  (2  at)  water  in  vacuo 
at  100°,  and  contain  44*0  per  cent  lead-oxide. — In  solutions  not  too  dilute,  the  am- 
monium-salt forms  with  lead-salts,  a  heavy,  yeUow,  crystalline  predpitate. 
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The  ammonium-aalt  fbrms  with  the  salts  of  cadmium,  cobalt,  fUekd  and  copper,  oif 
addition  of  ammonia^  a  precipitate  which  consists  of  needle-shaped  paitides,  scaicelj 
soluble  in  ammonia. 

With  nitraU  of  silver,  the  ammonium-salt  forms  a  yellow  translnoent  precipitate; 
from  Teiy  dilute  solutions,  the  silver-salt  is  deposited  in  ertremelj  fine  filaments. 

XMnltroofaloroplMiilo  add.  CH'CINK)*  »  G^'C1(N0')<0  (P.  Griess,  Ann. 
Ch.  Pharm.  cix.  286.)— Prepared  by  passing  a  moderately  strong  stream  of  chlorine 
into  about  a  pound  of  phenol,  kept  at  a  moderate  heat^  and  adding  the  product  by  small 
portions  to  nitric  acid  of  ordinary  strength,  in  a  capacious  porcelain  dish.  The  action 
begins  in  the  cold,  and  is  attended  with  the  evolution  of  red,  intensely  irritating 
vapours,  smelling  l^e  chloropicrin,  but  towards  the  end  a  gentle  heat  must  be  applied 
till  red  vapours  are  no  longer  given  ofL  The  resulting  red  oily  mass,  consisting  chiefly 
of  dinitrochlorophenic  acid,  is  washed  with  water  to  &ee  it  tram  excess  of  nitric  add, 
and  from  oxalic  acid  formed  in  the  reaction,  and  then  treated  with  aqueous  ammonia ; 
the  crystalline  magma  thus  produced  (consistinff  chiefly  of  dinitrochlorophenate  of 
ammonium)  is  dissolved  in  hot  water,  and  quicUy  filtered ;  the  yellow  needles  of  the 
ammonium-salt,  which  separate  as  the  filtrate  cools,  are  onoe  reciystallised,*  and  the 
solution  of  the  purified  salt  in  boiling  water  is  decomposed  by  dilute  nitric  acid. 

Dinitrochlorophenic  acid  thus  prepared  crystallises  in  light  yellow  anhydrous  laminae. 
It  is  but  slightly  soluble  in  hot  water,  and  separates  almost  completely  in  yellow  lamins 
on  cooling.  It  dissolves  more  readily  in  alcohol  and  ether,  abundanUy  also  in  hot 
hydrochloric,  nitric,  and  sulphuric  acids,  separating  from  these  solutions  on  cooling 
especially  on  addition  of  water,  in  nearly  colourless  lamins.  It  melts  at  103^,  solidi- 
fying  again  to  a  radio-czystalline  mass  at  96°,  and  sublimes  without  alteration.  In 
powder  or  in  vapour  it  excites  violent  coughing  and  sneezing;  it  tastes  intensely  bitter 
like  picric  add,  and  coloars  the  skin  yellow. 

The  acid  or  its  ammonium-salt,  digested  at  a  gentle  heat  with  aqueous  sulphide  of 
ammonium,  is  converted,  with  deposition  of  sulphur,  into  amidonitrochlorophenic 
acid.  C«H«(NH«)(N0*)C10. 

The  din itrochlorophe nates  crystallise  well;  they  are  all  sparingly  soluble  in 
water,  and  are  deposited  from  hot  aqueous  solution  on  coolingin  reddiah  or  yellow  crystals : 
they  detonate  when  heated.  The  ammonium-salt,  C*H'(NH«)C1(N0>)<0,  crystallises  in 
shining  yellow  needles,  ^en  by  reflected  lights  and  begins  to  sublime  at  100°.  The 
potassium-salt  forms  shiuing  orange-yellow  needles.  The  barium-salt,  obtained  by 
saturating  the  aqueous  acid  with  carbonate  of  barium,  crystallises  in  delicate  yellow 
needles,  which  turn  red  in  rarefied  air  over  oil  of  vitriol,  and  then  contain 
C'*H*Ba"Cl'(NO*)*0*.H*0 :  the  red  crystab  recover  their  yellow  colour  on  exposure  to 
the  air,  and  the  salt  becomes  anhydrous  at  110°.  The  silver-salt  separates  on  adding 
nitrate  of  silver  to  a  concentrated  solution  of  the  ammonium-salt ;  when  recrystallised 
it  forms  crimson  laminss  with  green  iridescence,  which  appear  under  the  microscope  as 
oblique  rhombic  prisms.  With  copper  the  acid  appears  to  form  several  salts :  a  solution 
of  recently-prepared  cupric  oxide  in  the  aqueous  acid,  yields  on  evaporation  yellow 
needles  easily  soluble  in  water. 

Trtnltropbenlo  or  Piorle  aeld.  G'H'N'O'  -  0*H'(NO*)K).  Trinitrocar- 
bolic  acid,  Carbazotio  acid.  NOronicric  acid.  Artificial  Indigo-bitter,  Kohienstickstoff- 
saure.  Jauneamer  de  Welter. — Tnis  add  was  observed  b^Hausmann  in  1788,  and 
afterwards  examined,  with  regard  to  its  composition,  chiefiy  by  Liebig  (Posg.  Ann. 
xiii  191 ;  xiv.  466;  Ann.  Ch.  Pharm.  ix.  80;  xxxix.  850),  Dumas  (Ann.  CnTPhys. 
liii.  178  [31  ii  228),  and  Laurent  (ibid.  [3]  iii.  221). 

It  is  produced:  1.  By  the  action  of  heated  nitric  acid  on  phenic,  tribromophenic,  and 
dinitrophenic  add,  also  on  saligenin,  salicylous  add,  salidn,  salicylic  acid,  nitrosalicylic 
acid,  phlorizin,  extract  of  willow-bark,  indigo,  ooumarin,  aloes,  bensoin,  the  resin  of 
Xantnorrhaa  hastilis,  resin  of  Peru  balsam,  and  silk. — 2.  By  boiling  trinitranisol  with 
potash-ley.    (C ah  ours.) 

Preparation. — 1.  From  Phenol. — ^The  brown  resinous  masses  predpitated  during  the 
preparation  of  dinitrophenic  add  (p.  397)»  aro  united  with  the  mass  obtained  by 
precipitating  with  nitric  add  the  mother-liquors  of  dinitrophenate  of  ammonium  ob- 
tains in  the  same  process ;  the  united  mass  is  heated  to  the  boiling  point  in  a  basin 
with  commercial  nitric  add ;  the  add  liquid  decanted  after  cooling ;  the  reddue  washed 
with  a  small  quantity  of  cold  water,  and  boiled  with  very  dilute  ammonia;  the  filtrate 
repeatedly  evaporated  to  the  crvstaUidng  point ;  the  resulting  picrate  of  ammonium 
purified  by  crystallisation  from  boiling  alcohol ;  and  the  beautiM  needles  of  this  salt 
treated  with  nitric  add  to  separate  the  picric  add,  the  quantity  of  which,  thus  obtained, 

*  The  moth«r-lfqaor  retains  In  solation  the  ammonlum-Mlt  of  another  acid  Tormed  during  the  aboT« 
reaction,  and  irmjzed  while  itill  hot  with  hydrochloric  acid,  depotits  this  acid  as  a  viscid  oil,  which 
ultiraately  solidifies.  U  melts  ea«ilT,  and  Is  conrerted  by  salphlde  of  ammoniam  into  an  amldo*acld. 
Kitrodlcblorophenlc  acid  (p.  807)  does  not  appear  to  be  formed  in  this  reaction. 
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ii  greater  as  the  qiuuitity  of  dinitzopheDie  acid  was  less.  The  impare  dinitrophenie 
acid  may  also  be  conTerted  into  picric  add  by  boiling  it  with  nitric  acid,  and  recrys-* 
tallising  finom  alcohol  the  portion  which  separatee  out  (Lanrent).  Picric  acid  may, 
howcTer,  be  more  adTantageonsly  |yrepared  from  pnre  crystallised  phenol,  which  is 
now  mann&ctnied  in  large  quantities  from  coal-tar ;  this  is  in  fiict  the  mode  of  pre- 
paration now  most  generally  adopted.  100  pts.  of  czystaUised  phenol,  treated  with 
nitric  acid,  yield,  according  to  Per r  a  (Bingl.  poL  J.  dxy.  386),  fix>m  90  to  100  pts.  of 
picric  acid. 

2.  From  Salioin, — ^This  substance,  treated  with  nitric  acid,  ^elds  remarkably  pnre 
picric  acid ;  phlorizin  yields  much  less  picric  than  phloretic  acid.     (Ma  re  hand.) 

3.  From  Indigo. — 12  to  13  pts.  of  nitric  acid  of  specific  gravity  1*43  are  heated 
neariy  to  the  boiling  point  in  a  capacious  glass  flask ;  1  pt.  of  the  best  East  Indian 
indigo  in  coarse  powder,  is  added  in  small  portions^  each  addition  being  made  ae  soon 
as  the  last  portion  has  disappeared ;  the  red-brown  liquid  is  concentrated  by  boiling 
till  it  becomes  thickish  and  hghter  in  colour;  8  pts.  more  nitric  acid  are  added  in  ease 
the  liquid  still  gives  off  nitrous  add,  and  the  boiUns  is  repeated ;  the  mother-liquor 
is  decanted  from  the  hard,  yellow,  translucent  crystau  which  form  on  cooling ;  these 
crystals  are  washed  with  cold  water  and  dissolved  in  a  suffldent  quantity  of  boilina 
water ;  the  oily  drops  of  artificial  tannin  which  then  rise  to  the  surfiiu^e  are  removed 
with  filtering  paper ;  the  solution  is  filtered  and  left  to  cool ;  the  yellow  shining  laminn 
of  picric  add  which  separate  are  removed  from  the  mother-liquor,  again  disaolved  in 
boiling  water,  and  neutralised  with  carbonate  of  potassium;  the  potassium-salt 
which  separates  on  ooolinff  is  purified  by  repeated  crystallisation,  then  dissolved  in 
boiling  water ;  and  the  liquid  is  mixed  witn  sulphuric,  hydrochloric,  or  nitric  add, 
whereupon  the  picric  add  crystaUises  out  on  ooobng.  An  additional  quantity  of  the 
potassium-salt^  requiring  however,  further  purification,  may  be  obtained  from  the  fint 
mother-liquor  b^  predpitaUng  therefrom  a  large  quantity  <^  brown  matter  by  addition 
of  water,  tben  diasolving  it  in  boiling  water,  neutraliBing  with  carbonate  of  potassium, 
and  cooling.  Four  parts  of  indigo  2iould  yield  1  pt  of  picric  add.  Sometimes  the 
solution  of  indi^  in  nitric  add  does  not  yield  any  crystals ;  it  must  then  be  evaporated 
down,  mixed  with  water,  and  the  add  separated  from  the  brown  predpitate  as  above. 
The  liquid  above  the  predpitate  likewise  yields  picric  add,  when  evaporated,  boiled 
with  nitric  acid,  neutralised  with  potash,  &c.  (£iebig).  Altogether,  however,  the 
preparation  of  picric  add  from  indigo  is  not  to  be  recommended. 

4.  From  the  yellow  resin  of  Xantkorrkaa  hattiUs. — The  redn  is  dissolved  in  the 
requisite  quanti^  of  strong  nitric  add,  whereupon  red  vapours  are  evolved,  with  violent 
frt>thinff,  and  a  daric-red  solution  is  formed  which  becomes  deep  vellow  after  boiling. 
This  solution  is  evaporated  over  the  water>bath ;  the  remaining  yellow  crystalline  mass, 
which,  together  wita  j^ncric  add,  contains  small  quantities  of  oxalic  and  nitrobensoic 
Mnds,  is  neutralised  with  potash ;  and  the  picrate  of  potassium  is  purified  by  two  ervstal- 
Hsations,  and  then  treated  with  hvdrochloric  add,  which  separates  the  picric  acid,  to 
be  frurther  purified  by  two  etystallisationB,  and  amounting  to  60  per  cent  of  the  reein 
used  (Stenhouse).  This  is  one  of  the  best  modes  of  preparation  (see  Carey  Lea, 
SilL  Am.  J.  [2]  xxvi.  279 ;  Jahresb.  1858,  p.  4141 

6.  From  ieruoin. — 1  pt  of  benzoin  (from  whicn  the  bensoie  add  may  be  previously 
extracted  by  alkalis^  is  gently  heated  with  8  pts.  of  commercial  nitric  add ;  Uie 
mixture  distilled,^  with  four  tunes  repeated  cohobation,  after  the  effervescence  has 
ceased ;  and  the  liquid,  after  decantation  from  the  redn,  mind  with  four  times  its  bulk 
of  water,  filtered  nom  the  predpitated  yellow  powder,  and  neutraliBed  while  hot  with 
carbonate  of  potasnnm :  it  then  yields  crystab  of  picrate  of  potasdum  on  coding. 
(£.  Kopp,  Ann.  Chim.  Phys.  [3]  xiii  283.) 

6.  From  8ilk,--l,  When  1  pt.  of  silk  is  distilled,  with  fbe<|uent  eohobation,  with 
6  pts.  of  nitric  add,  a  solution  is  obtained  which,  by  evaporation  and  cooling,  yields 
crystals  of  picric  and  oxalic  adds  (Welter). — 2.  Liebig  uses  12  pts.  of  nitric  add ; 
neutralises  the  reddue  in  the  retort  with  carbonate  of  potasdum ;  purifies  the  crystals 
of  potassic  picrate  by  recrystallisation ;  and  predpitates  the  add  from  their  solution  b^ 
nitric  add  The  product  from  silk  is  however  much  smidler  than  that  which  is 
obtained  from  indigo. 

7.  From  Aloes, — 1  pt.  of  aloes  is  heated  with  8  pts.  of  strong  nitric  acid  till  violent 
action  takes  place ;  the  fire  is  then  removed ;  the  mixture,  after  the  gas-evolution  has 
ceased,  isintroduced  into  a  retort;  the  greater  part  of  the  add  liquid  poured  off;  the 
reddue  distilled  with  3  or  4  pts.  of  i^h  nitric  add,  which  still  causes  a  slow  evolution 
of  nitric  oxide,  till  the  greater  part  of  the  nitric  add  is  decomposed  or  volatilised ;  the 
reddue  diluted  with  water,  which  separatee  the  duysammic  and  iJoetic  adds  still  re- 
maining undecompoeed ;  and  the  yellow  filtrate  after  being  evaporated,  to  remove  the 
greater  part  of  the  nitric  add,  is  neutralised  with  milk  of  lime :  pure  picric  add  may 
then  be  predpitated  from  the  filtrate  by  nitric  add. 
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8.  From  fVmUranuol. — Trimtcanisol  is  boiled  for  a  few  miniiteB  witli  modentelj 
BtroDg  potash ;  water  is  added  till  all  the  resulting  potassium  salt  is  dissolyed ;  the  salt 
allowed  to  orprstallise  bj  ooolixig;  and  the  add  sepanted  therefrom  by  boiling  dilute 
nitric  aoid :  it  then  sepaxates  on  ooolinff  in  yellow  shining  needles,  and  may  be  purified 
hy  washing  witii  oold  water,  and  ciystaUisation  from  boiling  water.*  (Cahonrs,  Ann. 
CkPhys.  [8]xxv.  26.) 

Pur^ioaHon. — ^The  oonTendon  of  crade  picric  acid  into  a  potassinm-salt  affords  a  Tery 
oonyenient  mode  of  purification  on  the  small  scale,  as  the  salt  is  but  Tery  sliffhtlj 
soluble  in  cold,  though  readily  soluble  in  boiline  water.  But  in  operating  on  a  Ibij^ 
scale,  the  filtration  of  this  salt  presents  great  difficultieB,  as  the  liquids,  eren  when  boil- 
ing and  contained  in  heated  funnels,  have  a  great  tendenqr  to  crystallise  on  the  filters, 
which  they  then  rapidly  choke.  SeTBral  manufacturers  therefore  prefer  converting  the 
crude  acid  into  a  sodium-salt^  by  satazatin£  the  boiling  solution  with  sodic  carbonate, 
taking  care  to  avoid  an  excess,  as  that  woud  dissolve  the  vellow  resinous  matter  with 
which  the  acid  is  contaminated.  The  boiling  liquors  are  filtered  to  separate  this  resin, 
and  the  filtrate  is  mixed  with  a  farther  quantity  of  sodic  carbonate.  This  causes  the 
bulk  of  the  sodie  ptczate  to  ctystallise  out,  as  the  salt  is  neariy  insoluble  in  solutions 
containing  an  excess  of  alkaline  carbonate.  The  small  quantity  of  picric  acid  still 
remaining  in  the  mother-liquon  may  be  precipitated  by  adcUn^  a  potassium-salt 

The  crystallised  picrate  of  sodium  tiius  obtained  is  then  dissolved,  and  its  boiling 
solution  IS  decomposed  l^  an  excess  of  sulphuric  acid.  The  picric  acid  thus  separate^ 
being  nearly  insoluble  in  the  mother-]ii;[uoEi  containing  the  acid  sulphate  of  sodium, 
crystallises  out  almost  entirely  on  cooling ;  and  alter  draining^  washing  with  a  little 
cold  water,  and  pressing,  is  almost  <diemi<allypure.    (Hofmann**  Seport,  p.  136.) 

Properiiet. — ^ricric  add  eyetallises  in  light  yellow,  strongjy  shinmg  Ismuua 
(Liebig),  in  yellowish  octahedrons,  often  vei^  much  truncated  on  two  of  their 
summits  (Welter) ;  yeUowish-white  needles  andgranules  (Chevreul).  Theoystals 
belonff  to  the  trimetric  system.  Ansle  qdP  :  ooP  -  116^  SCT  ;  P  :  P  -  108^; 
P  :  ooPoo  »126°  (Laurent).  The  add  melts  when  slowly  heated,  forming  a  brownish- 
yellow  oil,  which  solidifies  in  a  ezystalline  msss  on  cooling.  When  slighUy  heated  in 
contact  witii  the  air,  it  volatilises  undeoom^osed ;  at  a  higher  temperature,  it  boiU  and 
gives  offa  thick,  yellow,  suffocating,  izritaong^  and  intensely  bitter  vapour,  and  sub- 
Smes  in  small  yellowish-white  needles  and  scales,  or  passes  over  as  a  brown  liquid 
which  ciTBtallises  on  cooling.  It  tastes  ver^  bitter  and  somewhat  harsh  and  sour,  and 
reddens  litmus.  The  impure  add  from  indigo  in  doses  of  I  to  10  grains,  kills  rabbits 
and  do^  with  delirium  and  oonvuldons. 

Picnc  add  dissolves  in  160  pts.  oi  water  at  5°,  in  86  pts.  at  15^,  in  81  pts.  at  20^, 
in  77  pts.  at  225^,  in  73  pts.  at  26<^,  and  in  26  j^ts.  at  77°  (Harchand).  The  solu- 
tion has  a  deeper  colour  than  the  solid  add,  and  imparts  a  strong  yellow  stain  to  ^e 
skin  and  other  animal  tissues. 

Water  containing  only  ^^^  <^  pcrio  add  is  distinctly  yellow ;  with  ^J^  of  the  add 
the  colour  is  still  perceptible  in  a  stratum  an  inch  deep,  and  in  larger  mnnnni  to  a  stiU 
greater  degree  of  dilution.    (Garev  Lea.) 

Pieric  add  is  likewise  easily  soluble  in  atcohol  and  in  €ther.  It  dissolves  in  warm 
oonoenlxBted  stdphurio  acid,  and  is  precipitated  therefrom  by  water  unchanged,  and  ac- 
cording to  Lss^  in  square  laminft  belonging  to  the  trimetric  system.  A  com  saturated 
solution  of  pime  acid  mixed  with  2  to  4  voL  of  dilute  sulphuric  add  ^1  voL  oil  of 
vitriol  to  1  vol.  water)  remains  nearly  or  quite  odourless,  without  separation  of  picrio 
add:  with  J  or  }  voL  sulphuric  add,  nearly  all  the  picric  add  is  predpitated  (Carey 
Lea).    Strong  miric  acid  dissolves  picric  add  in  large  quantity. 

Deoompotitions, — 1.  The  add  when  stronslv  heated,  gives  off  acrid  and  veiy  bittej* 
viB^urs,  which  condense  as  a  sublimate  on  cold  bodies ;  when  qiackly  heated  in  a  retort, 
it  deconmoees  with  explodon,  giving  off  nitrogen,  nitric  oxide^  water,  carbonic  anhy- 
dride, hydroeyanic  ado,  and  a  combustible  gas,  and  leaving  a  caibonaceous  reddue. — 
2.  By  chlorine  gae,  aqueons  chloride  of  lime,  or  a  mixture  of  hydrochloric  acid  and 
chlorate  of  potaseivm^  it  is  resolved  into  chloropicrin  and  perchloroquinone 
(chloranil)  ;  also  by  hot  nitromwiatio  acid  ;  by  bromineaioA  water,  into  bromopicrin 
and  perbromoquinone.  It  is  also  converted  into  bromopicrin  by  distillation 
with  hfpobrondte  ofhairiwn  (8tenhouse,  PhiL  Mag.  [4]  viii.  863). — 8.  When  gently 
heated  with  a  mixture  of /Mnwufo  of  nuinganeae  and  eulphttric  aoid  it  gives  oi  nitrous 
v^K)urB. — i.  Boiled  with  a  strong  lolution  of  caustic  potash,  it  gives  offa  large  quantity 
of  ammonia,  and  forms  a  brown  solution  from  which  alcohol  extracts  a  yellow  salt 
crystallising  in  needles.  Picric  add  is  likewise  altered  by  prolonged  ebullition  with. 
barytorwaier, 

*  TlM  adds  obtaload  Ivf  thU  and  the  prteedioc  pmtwi  were  al  flrtt  ragandad  at  IfOOMrie,  but  not 
Identical,  with  picric  acid,  the  add  from  aloaa  bdag  called  ekr^fMolepie  octf  (Sc  h  unck),  and  that  from 
t|-l»itranliol.  ptcrmnMe add  (Cahours);  but  later  experlmenu  have  abown  that  both  these  adds  an 
Iden^eal  jrUh  picric  add,  ibe  diAreaee  roimerlj  obaerred  havlag  bean  dua  to  iaapiirltlci. 
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5.  When  picric  add  is  digested  with  »  eolntioiii  of  ferroui  sulpkaie  end  an  exeese  of 
esostie  baiyta  or  lime,  a  zed*biown  mass  is  Hanaed  containixig  picramic  acid 
(Wohler'e  nitrohsBmatio  add) : 

C-H«(NO«)K>     +     6FeO     +     H«0      -      (?H«N(NO«)H>     +     «F^0«. 
Picric  aeUL  PIcrarotc  aeid. 

Picric  add  is  also  rednced  to  pieramic  add  hj  ferrous  chloride  and  acetate;  cuprous 
chloride,  nascent  hydrogen,  and  by  the  sulphides  of  ammonium  and  of  the  fixed  alkaU- 
nutals  ;  most  readily  by  passing  snlphydric  add  gas  through  a  saturated  alcoholic  solu- 
tion of  picric  add  neutralised  with  ammonia.  (Girar(^  Ann.  Ch.  Pharm.  Izzxriii. 
281.) 

4.  Picric  add  treated  with  tin  and  hydrochloric  acid  is  converted  into  a  crystalline 
double  salt  of  stannous  chloride  and  hydrochlorate  ofpicramine,  C*±1"N*  (Bone sin. 
Bull.  Soc.  Chim.  1861,  p.  60 ;— Beilstein,  Ann.  Gh.  Pharm.  czzz.  244): 

C«H«(NO«)»0  +  Sn»*  +  23Ha    -     C«H»N».8HCL8na»  +  eSnCl«  +  7H«0. 

The  same  base  is  obtained  ss  a  hydriodate  by  the  action  of  iodide  of  phosphorus  on  • 
saturated  aqueous  solntion  of  pienc  add  (Lantemann,  Ann.  Ch.  Pharm.  czxt.  1): 

<?HXNO^  +  28HI    -     C«HW».8HI  +  I»  +  7HH). 

6.  Picric  add  treated  with  cyanide  of  potassium  in  the  state  of  hot  concentrated 
aqueous  solution  assumes  a  dee^  blood-red  colour  and  is  converted  into  isopurpuric 
acid  (Hlasiwets;  Beilstein,  iii  488): 

C^HXSO^O  +  3CNH  +  H«0     -     C»H»N»0«  +  C0«  +  NH«. 

According  to  Carey  Lea  (Jahzesb.  1868,  p.  416)  picric  add  is  converted  into  picramio 
add  by  Uie  action  of  cyanide  of  potassium;  but  this  statement  is  contradicted  by 
Hlasiwets  and  Beilstein  (Jahresb.  1869,  p.  468). 

6.  Peniachloride  qf  phosphorus  acts  violently  on  picric  add,  forming  chloride  of 
trinitrophenyl  or'chloropicryl  (Pisani,  Compt.  rend,  xxzix.  862): 

C«H"(NO«)K)  +  PC1»    -     C^«(NO*)«a  +  PC1«0  +  HCL 

7.  Chloride  of  benzoyl  hesXfA  with  tdcrio  add  oonvezts  it  into  bencoate  of  tri- 
nitrophenyl or  trinitrobenzophenide  (i.  664). 

8.  A  mixture  of  alcohol,  sulphuric  add  and  picric  acid  appears  to  yield  pi  crate  of 
ethyL    (MitscherliclL) 

Detection  of  Picric  Acid, — As  reagents  for  tbe  detection  of  picric  add,  Carey  Lea 
recommends  an  ammoniacal  solution  of  cupric  sulphate,  a  solution  of  sulphide  of  potas- 
sium mixed  with  excess  of  alkali,  and  of  cyanide  of  potasdum  with  ammonia.  The 
first  produces  a  greenish  predpitate,  the  other  two  wnen  heated  with  the  aqueous  add 
become  red,  or  in  case  of  veiry  great  dilution,  yellow. 

Vses  of  Picric  acid, — ^Picnc  add  is  used  for  dyeing  sillc  and  wool,  espedall^  the  for- 
mer, of  a  yellow  colour.  Its  colouring  power  is  veiy  condderable,  and  it  exhibits  a  great 
affinity  for  aaotised  substances.  The  colour  resists  the  action  of  light  very  well,  but 
is  somewhat  affscted  by  washing,  espedally  with  soap.  Its  stability  is  increased  1^ 
mordanting  the  silk  and  wool  with  alum. 

Cotton,  hemp  and  flax  do  not  exhibit  any  affinity  for  picric  add ;  this  add  may  there- 
fere  be  employed  for  distinguishing  silk  and  wool  from  cotton  and  flax.  For  this  pur- 
pose the  tissue  is  immersed  in  a  hot  solution  of  picric  add  and  then  washed  with  water ; 
the  threads  of  silk  and  wool  then  assume  a  deep  yellow  colour,  while  those  of  cotton 
and  flax  remain  perfectly  colourless. 

The  isopurpurate  of  potasdum  produced  by  the  action  of  cyanide  of  potasdum  on 
picric  acid  yields,  when  treated  with  sal-ammoniac,  an  ammonium-salt  possessing  the 
external  characters  of  murexide  (purpurate  of  ammonium,  ^.  v,),  and  acting  exactly 
like  that  compound  when  applied  to  dyeing. 

^  Tlie  coloured  compounds  produced  by  tiie  action  of  ferrous  and  stannous  salts  on 
picric  add  have  not  yet  been  applied  to  any  practical  purpose. 

^  PiCBATBS. — Picric  add  is  monobasic.  The  metallic  picrates  are  mostly  crvstallisable, 
bitter,  and  of  yellow  colour.  They  explode  when  strongly  heated,  especially  in  dose 
vessels.  By  predpitating  solutions  of  heavy  metallic  salts  witli  alkaline  picrates, 
Carey  Lea  (SiU.  Am.  J.  [2]  xzxL  78)  has  obtained  compounds  of  metallic  picrates 
with  ammonia.  The  silver-salt  contains  2NH*.C*H*Ag(K0*)*0 ;  the  copper  and  cobalt 
compounds  are  represented  by  the  formula  4NH'.C*'H*M''(K0>)'0'i  the  dnc  and 
cadmium  compounds  by  the  formula  3NH».C**H:«M''(NOyO« 

^  Pier  a  te  of  Aluminium  separates  after  some  days  m>m  a  mixture  of  the  hot  solu- 
tions of  diloride  of  aluminium  and  picrate  of  ammonium,  in  stellate  groups  of  crystals 
which  are  permanent  in  the  air.    (Carey  Lea,  Sill.  Am.  J.  [2]  xxvi.  279.) 
Picrate  of  Ammonium,  C^»(NH*XNO«)«0,  crystallises  in  yellow  four-,  dx- 
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And  eightHDCJAd  prisnoB,  bekmg^ig  to  the  trimetrie  syBtem,  and  exhibiting  the  combina- 
tion ooP  .  ooPoD  .  ooFoo  .  P.  Angle  oe»P :  odP  »  111<'  :  ooP  :  a»P  oo  -.  Ud""; 
P  :  P  (terminal)  -  186° ;  P  :  P  (baeal)  »  115°  ^Laurent,  Rey.  Sdent  iz.  26).  It 
is  moderately  adnble  in  water,  sparingly  in  alo^oL 

Pierate  of  Barium,  C*^*Ba''(N0>)*0>.6H*0,  eiystallieea  in  monodinie  priems 
of  deep  yellow  oolonr  (yellow  with  red  terminal  ikcee,  according  to  Lea),  very  soluble 
in  water,  fnsible  and  ezplosire.  The  eiystals  contain  11*16  per  cent,  water  of  ciystal- 
Usation,  the  greater  part  of  which  ii  given  off  at  100° 

Pier  ate  of  Cadmium  separates  from  the  solution  of  the  carbonate  in  hotaqneons 
pieric  add,  in  large  rhombic  pnsms,  iwmarphons  with  the  ferrous  and  manganoos  salts 
u j|/fia),  yeiy  soluble  and  efflorescent ;  the  aqneons  solution  when  boiled  for  some  time 
aeposits  a  brown  powder.    (Lea.) 

Pier  ate  of  Calcium  forms  prisms  more  soluble  than  the  bariqm-  and  strontium- 
salts. 

Pier  a  tee  of  Chromium.  Ckromoue  acetate  dissolves  in  aqueous  pieric  add,  form- 
ing a  brown  liquid  which  dries  up  to  an  amorphous  mass.  Basic  ckramic  carbonate 
diBsolves  in  aqueous  picric  add  formin|f  a  greenish  solution  which  also  dries  up  to  an 
amorphous  mass;  but  by  exactly  precipitating  a  solution  of  violet  chromic  sulphate 
with  picrate  of  barium,  and  leaving  the  filtrate  to  evaporate,  small  greenish  needle- 
shaped  crystals  are  obtained.    (Lea.) 

Pierate  of  Cobalt,  G>^^Go''(NO*)^.6H*0,  forms  dark  brown  needles  which  melt 
and  give  off  all  thdr  water  of  crystallisation  (14*4  per  cent)  between  100°  and  110°. 
(Bfarehand.) 

Pierate  of  Copper,  C«H<(V(N0*)»0«.6HK).— -When  carbonate  of  copper  is  dis- 
solved in  boiling  aqueous  picrio  add,  the  solution  evaporated  to  dryness,  and  the 
residue  treated  with  boilins  absolute  alcohol,  neutral  cupric  picrate  dissolves,  while  a 
bade  salt  remains  behind.  The  neutral  salt  forms  small  green  shining  needles, 
efflorescent  and  mdting  at  100°  (Marc hand).  On  adding  an  ammoniac^  solution 
of  cuprio  sulphate  to  an  alkaline  pierate,  a  copious  greenish-fellow  predpitate  is 
formed,  which  is  xesblved  by  water  into  cupric  oxicb  and  picrate  of  ammonium. 
(Lea.) 

Pierate  of  €^/M0tn««ii  separates  in  golden-yeQow crusts  on  evaporating  a  solution 
of  carbonate  of  gludnum  in  hot  aqueous  picrio  add.    (Lea.) 

Pioratee  of  Iron. — The  ferroue  edU  forms  greenish-yellow  crjrstals,  isomorphous 
with  the  manganous  salt.  The  ferric  ealt  is  obtained  in  ydlowish-red  prisms  and 
ydlow  needles  by  exactly  predpitating  a  solution  of  picrate  of  barium  with  ferric 
sulphate,  and  leaving  the  flltiate  to  evaporate.  Aqueous  picric  add  dissolves  but  a 
small  quantity  of  ferric  hydrate,  even  at  the  boiling  heat,    ^ea.) 

Pierateeof  Lead.— The  neutral  ealt,  Gi'H«Pb''(NO*)*0',  is  obtained  in  the  form 
of  brown  needles  moderately  soluble  in  water,  during  the  cooling  of  a  boiling,  slightly 
addulated  mixture  of  an  alkaline  picrate  and  acetate  <Mf  lead.  (K  Kopp,  Ann.  Ch. 
Phvs.  |;8]  xiiL  233.)  -^ 

Basic  ealte.—a.  By  predpitating  a  dilute  and  boiling  solution  of  neutral  lead-acetate 
with  picrate  of  ammonium  containing  a  large  excess  of  ammonia,  a  deep  yellow  powder 
is  obtained,  composed  of  rectangolar  prisms  and  containing  G"H*Pb'(N0')*0*.4Pb''O. 
— fi.  A  mixture  of  picrate  of  ammonium  and  slightly  addulated  acetate  of  leadyidds 
on  addition  of  ammonia,  a  light  yellow  predpitate,  whidi  when  left  at  rest,  dianges  to 
a  mass  of  shining  scales,  soft  to  the  toudi  like  talc,  and  containing  C*'H<Pb''(NO')*0'. 
^Pb^CSHH)  (Marehand). — y.  A  boiling  mixture  of  picrate  of  ammonium  and  acetate 
fd  lead  depodts,  acocnding  to  Laurent^  smiedl  dark  yellow  rhomboidal  tables  apparently 
containing  C'«H«Pb''(NO«)«0«.Pb'^«0«. 

A  pioro-aeetaU  of  lead,  C'm'Fb''(;SO*yO*.G*R'Ph''0\imO  (Marehand),  is  de- 
podted  in  light  yellow,  very  brilliant  rhomboidal  tablets,  when  a  boiling  mixture  of 
potasrac  picrate  and  an  excess  of  lesd-aoetate  is  left  to  cooL  This  compound  gives  off 
acetic  acid  when  dried. 

Pierate  of  Magneeium  forms  long  flattened  needles,  of  yellow  colour,  very 
soluble  in  water,  nearly  insoluble  in  boiling  alcohol,  and  apparently  containing  5  at. 
water  of  cry stalHsation.    (Marehand.) 

Pierate  of  Manganese,  C»«H«Mn*'(N0«)«0«.8HTO  (Marehand).— A  solution  of 
mangpinons  carbonate  in  hot  aqueous  picric  add  crystallises  by  slow  evaporation  in 
liurge  rhombic  crystals  exhibiting  the  combination  oo^oo  .  od^oo  .  ooP  .  oP,  and 
appearing  pale  yellow  in  the  direction  of  the  prindpal  axis,  reddish  in  every  other 
dlnetfon  (L  ea)u  According  to  Marehand,  the  aystajs  quicildy  give  off  8  at  water  on 
exposure  to  the  air  and  4  at  more  at  130°. 

Pierates  of  Mereury, — The  mereuHc  salt  is  deposited  in  small  yellow  prisms 
very  slightly  soluble  in  cold  water,  during  the  cooling  of  a  boiling  mixture   of 
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meiettioiiB  mtrate  and  pieiate  of  potaannm  (Liebig).  The  mereune  $alt  fleparates 
from  a  solution  ef  meicuiic  oxide  in  aqneona  picric  acid,  in  oranffe-oolonred  shining 
needles,  which  effloreece  and  torn  yellow  on  exposure  to  the  air.    ^ea.) 

Pierate  ofNiekei,  0>*H«Nr'(N0*)H><.8HK>,  is  obtained  by  8{KmtaneoQS  erapora* 
tion  of  a  solution  of  hydrate  or  carbonate  of  nickel  in  aqueous  picric  add,  in  green, 
dichroic^  efflozesoent  crystals,  yery  soluble  in  aloohoL    (Marehand.^ 

Pierate  of  Potaseium,  C*H*K(NO*)'0,  is  obtained  by  neutralising  a  hot  aqueous 
solution  of  picric  add  with  potash,  or,  according  to  Liebig,  in  the  state  of  greatest 

furitj  by  digesting  an  aqueous  solution  of  potassic  chloride  with  mercurous  pierate. 
t  crystallises  in  yellow  rhombic  prisms,  usually  with  a  metallic  reflex.  Observed 
combination  odP  .  oof  oo  .  f « .  Angle  o»P  :  ooF  -  110^  16'  30';  j^oo  :  :Pao  in  the 
brachydiagonal  prindpal  section  —  139^  25'.  Ratio  of  Tertical  to  horizontal  axes  «- 
1  :  2*70456 :  1*88469  (Laurent,  Bev.  sdent.  x.  26).  It  is  but  slightly  soluble  in 
water,  requiring  for  solution  at  least  260  ptB.  water  at  16^,  and  14  pts.  ^boiling  water ; 
insoluble  in  alcohoL  Hence  picric  add  lorms  a  predpitate  in  solutions  of  potassium- 
salts  if  not  too  dilute^  eepedally  on  addition  of  alcohoL  When  heated,  it  assumes  an 
orange  colour,  but  becomes  yellow  again  on  cooling;  when  strongly  heated,  it  decom- 
poses with  detonation. 

Pier  at  €  of  Silver,  C^H'Ag(NO*)H),  fimns  fine  yeUow  shining  needles  very  soluble 
in  water. 

Pierate  of  Sodium  forms  slender  shining  yellow  needles,  soluble  in  10  to  14  pts. 
of  water  at  15^,  and  detonating  nrfJier  strongly  at  a  hi^  temperature.  According 
to  Lea,  an  alcoholic  solution  of  picric  add  forms  a  predpitate  after  a  while,  in  alkaline 
solutions  of  sodium-salts,  when  not  very  dilute :  hence  picric  add  cannot  be  depended 
upon  as  a  test  for  <ligfringni«>iiiig  between  potasdum  and  sodium. 

Pierate  of  Strontiutn,  C»*H*Si^(N0«j«0«.5H«0,  forms  hard,  shining,  yellow 
ciystals^  moderately  soluble  in  cold  water,  yery  slightly  soluble  in  boiling  absolute 
alcohoL    It  detonates  when  heated. 

Pierate  of  Zinc,  Ci*H«Zn''(N0*/0*.7H*0 ?  forms  beautiM  rhomboidal  prisms, 
efflorescent,  very  soluble  in  water  and  in  alcohoL  It  gives  oiF8  per  cent  water  in  dry 
air,  at  ordinary  temperatures,  and  14  per  cent,  (in  all)  at  140°. 

FicBATBS,  ALOOHOua  FiCBia  Ethus. — The  onW  known  compound  of  this  class  is 
the  }>icmte  of  ethyl,  which  is  produced,  according  l^tscherlich,  by  boiling  an  alcoholic 
solution  of  picric  amd  containing  a  little  s^dphunc  add  for  several  hours,  then  adding 
ammonia  and  water.  The  product  crystallises  in  scales  having  a  foint  yellow  colour, 
melts  at  94°,  and  begins  to  boil  and  decompose  at  800°.  It  is  inodorous,  but  has  a 
biting  and  bitter  taste.  It  is  sparingly  soluble  in  Gokd,  more  soluble  in  hot  alcohol 
(Mitscherlich,  J.  pr.  Chem.xxii.  195).  Erdmann  (ibid,  kxxviL413)  was  not  able 
to  prepare  picric  eth^  by  the  process  just  described. 

PxcB^ns  or  Oboamc  Basis.    (See  the  several  Basis.) 

FkCKATis  OF  Htdbocabbons. — Crystalline  compounds  of  picric  add  with  benzene^ 
naphthalene,  and  other  hydrocarbons,  have  been  obtained  by  Frits sche  (J.  pr.  Chem. 
Ixxiii  212 ;  Jahresb.  1857,  p.  456^. — A  hot  saturated  solution  of  picric  add  in  bensene 
yidds  shining  light  yellow  rhombic  crystals  of  the  compound  C'H*.C*H*(NO'W,  which 
remains  transparent  in  an  atmosphere  of  benzene,  but  when  exposed  to  tne  air  im- 
mediately be^ns  to  gire  off  benzene,  and  is  ultimatdy  reduced  to  a  brittle  mass  of 
oystals  of  picric  adcL  The  compound  mdts  between  85°  and  90°  to  a  light  yellow 
liquid.  It  dissolves  without  decompodtion  in  aloohol  and  ether,  but  cannot  be  ciystal- 
lised  therefrom.  Water  abstracts  picric  add  from  it,  the  whole  of  the  benzene  then 
volatilising  at  the  boiling  heat. 

PieraU  of  Naphthalene,  C'«H*.G*H\NO')H>,  separates  from  a  hot  alcoholic  solution 
of  the  two  substances  in  gold-yellow  needles,  which  alter  being  rinsed  with  a  little 
alcohol,  may  be  dried  in  toe  air  between  paper.  Cold  aleohol  or  benzene  may  also  be 
used  as  the  solvent.  The  oompoi^d  melts  at  149°,  dissolves  without  decompodtion  in 
alcohol,  ether,  and  benzene,  and  is  but  sbwly  decomposed  by  boiling  water. 

Pierate  of  Anthracene,  C"H»».C^»(NO«)H),  has  been  ahready  described  (p.  851). 

The  formation  of  these  compounds  may  serve  for  the  separation  of  hydrocarbons  one 
from  the  other.  Fritzsche  found  that  coal-tar  oil  boUins  at  150°,  and  fi^ee  from 
acid  and  alkaline  products,  gave  with  picric  add  an  immemate  and  abundant  pre- 
dpitate of  yellow  needle-shaped  ct^ptals  containiuff  only  one  hydrocarbon,  viz.  naph- 
thalene, on  further  addition  of  picric  add,  a  crystsUised  compound  of  that  acid  with  a 
hydrocarbon  heavier  than  water  was  formed ;  and  the  mother-liquor,  when  cooled  to  a 
yeiy  low  temperature^  depodted  monodinio  crystals,  which  when  decomposed  by  am- 
monia and  distilled,  yidded  a  hydrocarbon  of  variable  boiling  point,  but  related  to 
cumene  in  compodtion  and  properties.  Other  trinitro-adds  unite  witJi  hydrocarbona 
in  a  simiLir  manner* 
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C<mpoimd§  pro^hoed  by  the  action  of  Bedming  Agmt$  on  the  Niiropkenie  Aeid$, 

1.  By  Sulphide  of  Amrnonium. 
VltropbMMunim    BlaitrodiplieiHunlo    or     AiBldmiftvopbMifo      Actdv 

C'«H'*N*0«=  (N0«)«  [^  -  C»»BP(NH«)«(N0»)«0*.(Laiirent8ndOerhapdt,  Compt 

eMm.  1849,  p.  468.) — ^Ftmned  by  the  action  of  folphide  of  ammonium  on  diDitiophenic 
acid.  When  dinitrophenate  of  ammoninm  is  gently  heated  with  sulphide  of  ammoniam, 
a  tnrisk  reaction  takes  place  after  a  few  minutes,  and  the  resulting  nearly  black  mass 
deposits  on  cooling  large  black-brown  needles,  which  may  be  freed  from  excess  of  sul- 
phide of  ammoninm  by  boiling  with  acetic  add,  and  pnnfied  hj  two  or  three  crystal- 
lisations from  water. 

Nitrophenamie  acid  thna  obtained  forms  black-brown  needles  which  yield  a  yellow 
powder.  They  are  hexagonal  prisms  with  ionr  angles  of  131^  80  and  two  of 
97**.  They  contain  10  per  cent,  or  4  at.  water  YC»«H»«N<0«.4H»0),  which  they  give  off 
between  100^  and  110^.  The  acid  is  rexy  sligntly  soluble  in  cold  water,  moderately 
soluble  in  alcohol  and  ether.  When  heated  it  first  gives  off  its  water  of  crystallisation, 
then  melts,  throws  off  a  few  colourless  scales  and  a  brown  oil,  and  leaves  an  abundant 
residue  of  charcoal  which  takes  fire  when  strongly  heated. 

Nitrophenamaie  of  atnmonium  does  not  appear  to  have  been  obtained  in  the  solid 
state.  The  acid  dissolves  in  ammonia,  forming  a  deep  red  solution  which  gives  off  all 
its  ammonia  during  concentration.  The  potamum-salt,  C"H."£N*0*,  forms  snuUl 
crystalline  nodules  very  soluble  in  water  and  in  alcohol  The  barium-talt  forms  spar- 
ingly soluble  brown  needles,  obtained  by  adding  acetate  of  barium  to  an  ammoniaeal 
B^tion  of  the  acid*  The  eidcium-^t  obtained  in  like  manner  separates  after  a  while 
in  small  needles.  The  copper-aalt  is  a  yellow-green  precipitate;  the  lead-salt  an 
orange-bsown  precipitate.  The  aUver-eaU,  G"H"AgN^O*,  ia  a  daA  brown-yellow  pre- 
cipitate which  separates  in  scales  from  hot  solutions. 

BtbylHDltroplieiiidlBe  or  HrttropbanetMLiae,  OlSL\(yW)(JSB^1^0'^. 
(C  ah  ours,  Ann.  Oh.  Phy&  [3]  xzvii.  463.) — ^A  base  produced  by  paasin|;  solphy- 
dric  acid  and  ammonia  gases  simuhaneously  through  a  solution  of  ethylic  diaitrophe- 
nate  (p.  899).  It  cmitaSises  in  biown  needles  resembling  methyl-nitrophenidine  or 
nitranuiidina  (i  804>  It  acta  on  chloride  of  benaoyl  when  heated  with  it,  forming 
a  product  wludi  crystallises  from  alcohol  in  small  needles.  It  fonna  crystaUisable 
■alts  with  l^diodJoric,  nitric  and  sulphuric  acids. 

MonuBlOy  iHnttraplifmanito,  or  Antdo-dlaltroplieiilo  Aold«  C^*N"0*  a 
(N0«)»  y^  -  C*H»(NH^(NO")«0  (Girard,  Compt  rend.  xxxvL  421.— Wohler, 


Pogg.  Ami.  xiii.  488. — E.  Pngh,  Ann.  Ch.  Pharm.  xevi.  83.) — ^Produced  by  the  action 
of  sulphide  of  ammoninm  or  of  fenous  salts  on  picric  acid. — 1.  When  snlphydric  gaa 
18  passed  in  excess  through  a  saturated  alooh<dic  solution  of  picric  add  neutralised 
with  ammonia,  the  liquid  acquires  a  deep  red  colour  and  deposits  a  mass  of  dark  red 
ciystals  of  jpicramate  of  ammonium,  an  additional  quantity  of  which  is  obtained  on 
distilling  ofir  the  alcohol;  and  from  this  salt  the  add  may  be  separated  by  predpitation 
with  acetic  add  from  a  hot  solution  (Girard). — 2.  The  nttrohamoHe  add  which 
Wdhler  obtained  by  the  action  of  fenous  sulphate  on  picrio  add  has  been  shown  to  be 
identical  with  picramic  add  (p.  403). 

Picnunie  add  separated  from  its  ammonium-salt  by  acetic  add  forms  besutiftil  red 
needles,  often  ^uped  in  tabular  masses  (G-irard);  firom  an  ethereal  solution  it 
crystallises  in  distinct  prismatic  crystskls  with  very  acute  terminal  faces,  gamet-eoloured 
by  reflected,  yellowish-red  by  transmitted  light  (Pugh).  It  has  a  sH^htly  bitter 
taste  (Girard);  does  not  taste  bitter  (Pu^h).  Melts  at  166^,  and  sohdifles  in  a 
crystalline  mass  on  cooling  (Girard).  It  is  nearly  insoluble  in  water,  even  at  the 
bcnling  heat,  but  soluble  in  alcohol  and  ethtr  (Girard). 

The  add  heated  above  166^  is  decomposed,  with  evolution  of  tarry  vapours  con- 
taining hvdrocyanio  add  and  ammonia,  and  leaves  a  residue  of  chazvoal  (Girard, 
Wdhler).  It  bums  vividly  when  thrown  on  red-hot  coals  (Girard).  It  dissolves 
at  ordinary  temperatures  in  aulphurie  aoid,  forming  a  red  solution  fh)m  which,  on  dil- 
ution with  water  and  addition  ot  ammonia,  the  picramic  add  separat4>s  out  unaltered : 
similarly  with  hydrochloric  acid;  but  by  hot  concentrated  sulpnuric  add  it  is  decom- 
posed and  carbonised  (Girard).  Strong  nitne  actd  decomposes  it,  with  abundant 
evolution  of  nitrous  ftimes,  the  liquid  assuming  a  straw-yeUow  colour  and  the  picramic 
add  being  converted  into  picric  acid  (Girard,  Pugh).     According  to  Wohler, 
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nitiohflematie  acid  is  not  reoonTwtod  into  piano  acid  by  the  action  of  nitric  acid ;  and 
according  to  Carey  Lea,  tliia  ia  also  the  case  with  picramic  add. 

Piciamic  add  nnitee  xeadily  with  bases.  Its  salta  are  mostly  cryatalline;  their 
general  fbnnnla  is  CHOfN'O*.  The  solutions  of  the  alkaline  picrates  precipitate  the 
salts  of  coppcTt  nercory  and  sUrer,  but  not  those  of  manganese,  iron,  cobalt,  or 
niekeL 

Pioramateofammoniumf  C*HXNH*)N*0',  prepared  as  above,  separates  from  the 
akoholic  solution  by  spontaneous  evaporation,  m  dark  oranee-red  ihombohedral  tables. 
It  does  not  decompose  at  100°,  but  at  136°  it  effloresces  and  ffives  off  ammonia;  melts 
at  166^,  and  decomposes  at  a  higher  temperature.  It  dissoWes  readily  in  water  and 
alcohol,  filming  deep  red  solutions,  but  is  insoluble  in  ether.  The  aqueous  solution  is 
decompoeedby  continual  boiling;  with  separation  of  a  brown  powder.    (Girard.) 

Pieramate  of  Copper,  C*'H'Gu"N*0**,  is  a  yellowish-gieen,  amorphous  predpitate, 
which  detonates  slightly,  is  insoluble  in  water  and  alcohol,  but  soluble  in  adds. 
(Girard.) 

Pieramaie  of  Lead  is  an  orange-eolouied  powder  which  explodes  when  heated,  and 
also  by  perensdon,  but  without  much  noise.  It  dissolves  in  water,  ammonia  and  adds, 
but  is  insoluble  in  alcohol.    (Girard.) 

PicramuUe  of  Potassium,  C*H^KNH)*. — Obtained  by  decomposing  the  hot  solu- 
tion of  the  ammonia-salt  with  potash.  Separates  on  cooling  in  red  transpsrent 
elongated  rhombic  tables,  containing  19*9  per  cent  potash.  It  decomposes  with  slight 
detonation  when  somewhat  strongly  heatea,  and  leaves  a  residue  of  charcoaL  Dissolves 
pretty  esdly  in  water,  sparingly  in  alcohol.    (Girard.) 

Pierate  cf  Barium,  C^'H^^'O^*. — On  decomposing  a  hot  solution  of  picramate  of 
ammonium  with  nitrate  of  barium,  this  salt  separates  in  small  silky  tufts  of  red  and 
golden-vellow  needlea.  It  bears  a  heat  of  200°  without  deoompodtion,  but  detonates 
at  a  higher  temperature,  leaving  a  reddue  of  charcoal  Dissolves  sparingly  in  water  and 
aloohoL    Contains  27 '9  per  cent,  bsiyta.    (Girard.) 

PieramaU  of  Silver,  CfH*  AgNH)*,  is  obtained  by  decomposing  the  ammonia-salt  with 
nitrate  of  silver,  in  the  form  of  a  brick-red  amorphous  precipitate^  which  does  not 
blacken  by  exposure  to  lights  but  decomposes,  with  blackening,  at  about  140°,  leaving 
a  residue  whidi  melts  at  about  166°.  On  glowing  coals,  it  bums  without  detonation. 
It  is  insoluble  in  cold  water  and  in  alcohol.  Bailing  water  decomposes  it|  leaving  an 
insoluble  reddue.    (Girard.) 

ttrocMoraplianainlc  or  JLiiiiaoiiltro«liloropli«aio  Aeldy  C^ll^O^  «- 

(C^«); 

.^  -i  C'H*(NH^O*)aO.     (Griess,  Ann.  Ch.  Pharm.  ciz.  286.)— When 
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dinitrochlorophenic  adder  its  ammonium-salt  (p.  400)  is  digested  at  a  gentle  heat  with 
sulphide  of  ammonium,  the  liquid  assumes  a  blood-red  colour  and  deposits  sulphur ; 
ana  on  adding  acetic  add  to  the  concentrated  filtrate,  nitrochlofophenamic  add  is  pre- 
dpitated  and  may  be  purified  by  czystallisation  from  hot  water.  The  crystals  dried -at 
the  ordinary  temperature  contain  2C*H*N*C10*.H*0,  but  become  anhydrous  at  100^, 
«"Mmtwi«g  at  the  same  time  a  scarlet  colour.  The  add  has  a  sweetish  taste  with  bitter 
affcertaste.  When  heated  it  turns  red,  mdts  at  about  160°,  solidifying  again  at  140° 
to  a  brown  ecystaUine  mass,  and  sublimes  with  partial  diBcomposition.  It  dissolves 
but  sparingly  even  in  hot  water ;  the  hot  saturated  solution  soluMes  en  cooling  to  a 
network  of  brass-yellow  captllaiy  needles.  It  dissolves  easily  in  alcoMol  and'  ether,  also 
in  stUpkuirie  and  h^droehUrie  acids  at  ordinary  temperatwea.  Warm  concentrated 
nUricadd  decomposes  it.  URtrous  aeid  redueea  it  to  diazonitroehlorophenol 
(p.  408). 

The  nitrochlorophenamates  of  the  alkali-metab  and  alkaline  earth-mefxds  are 
insoluble.  The  salts  are  nkostly  yeUow  or  biown-red,  and  detonate  when  heated,  ^e 
ammonium-^alt,  C^\NH*)N'C10*,  crystallises  from  the  solution  of  the  add  in  aqueoua 
ammonia  in  yeUowish-red  crystals;  its  blood-red  aqueous  solution  gives  off  ammonia 
when  evaporated ;  so  likewise  does  the  solid  salt  when  left  over  oil  of  vitriol  in  rare- 
fied air.  The  barium^^alt  forms  brown-red  crystals  easily  soluble  in  water.  The  lead' 
salt,  Ci'H<Fb''efH)lK)«,  is  obtained  by  adding  neutral  lead-acetate  tc»  the  solvtion  of  the 
ammonium-salt^  aa  a  brown-red  predpitate.  The  ammonium-ealt  gives  ayellowirii- 
green  predpitate  with  euprie  sulphate,  yellow  with  mereuri4f  chloride,  bvown-rtd  with 
nitrate  of  milter, 

2.  B$f  Hydrtodie  Add  and  Stannous  Chloride, 

Pierio  acid  treated  with  dthes  of  these  reagents,  yields  a  salt  of  piei aBiBe(f.  tr.) ; 
see  also  p.  403. 
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8.  By  Ojfonide  of  Potammn, 

Picric  add  treated  'wi^h  this  rea^nt  is  oonTerted  into  iaoparparic  or  picro- 
eyamie  acid,  already  described  (iti.  483). 

Metapurpurie  acid,  C*H'N*0\ — This  add,  related  to  dinitrophenie  add  in  the 
samA  manner  as  isopurporic  to  picric  add,  is  obtained  as  a  potasdnm-salt,  whenan 
aqueous  or  alcoholic  solution  of  dinitrophenie  acid  is  added  by  drops  to  a  solution  of 
cyanide  of  potassium  heated  to  60^.  A  dark  coloured  crystalline  powder  is  then  pre- 
cipitated, wnich  may  be  purified  by  washine  with  a  little  cold  water,  recrystallising 
from  hot  water,  pressing,  and  drying  OTer  oil  of  vitriol  Mttapurpwate  ofpota$num 
thus  obtained  is  a  dark  red  substance,  exhibiting  metallic  lustre,  and  disaomng  with 
deep  crimson  colour  in  water  and  in  alcohoL  The  solutions  have  the  odour  of  cyanic 
add.  The  analysis  of  the  salt  leads  to  the  formuk  C■H*KNH>^HH).  It  becomes  an- 
hydrous when  heated.  The  solution  gives  dark  brown  predpitates  with  the  chlorides 
of  barium  and  strontium,  and  with  most  metallic  solutions.  The  tUver-saU  is  red,  with 
green  metallic  lustre.  The  add  itself  has  not  been  isolated.  (Pfanndler  and 
Oppenheim,  BolL  Soc.  Chim.  [2]  iv.  99.) 

4.  iy  Nitrous  AM.    Diasohitbophimols. 

a.  IHaBOiittroplimiol.  OH'NK)*  -  C*H'N*(NO*)0.  (OrieBBkAnn.Ch.Fharm. 
cxiii  201.) — Produced  by  passing  nitrous  acid  yapour  into  an  ethereal  solution  of 
nitzophenamic  add  (p.  406): 

(?H*N«0«  +  HNO*     -     C^«N«0»  +  2HK). 

It  then  separates  as  a  brownish  yeDow  granular  mass,  and  is  obtained  in  the  same 
form,  recfTBtaUised  from  alcohol.  It  yields  a  light  yellow  powder  turning  red  on  ex- 
posure to  light ;  explodes  with  ^;reat  violence  when  heated  to  100^.  It  diMolves  easily 
'in  alcohol,  slowly  and  with  partial  decomposition  in  hot  water,  a  red  amorphous  pow- 
der Uien  separating,^  and  the  filtrate  on  cooling  depodting  diasonitrophenol  in  small 
yellow  prisms.  It  dissolves  without  deoompomtion  in  cold  hydrochloric  and  sulphuric 
acids.  When  boiled  with/umny  nitrie  acid,  it  forms  a  compound  which  separates  in 
yellow  flocks  on  addition  of  water.  On  adding  carbonate  of  potassium  to  the  alcoholic 
solution  of  diasonitrophenol  and  applying  a  gentle  heat  nitrogen  is  evolved,  and  the 
reddue  left  on  evaporating  the  alcohol  yields  with  adds  a  brown-red  amorphous  pre- 
dpitate  which  might  be  expected  to  exhibit  the  oompodtion  of  nitrophenit  add, 
C*H'KO*  (see  the  ooirespondmg  deoompodtion  of  diazodinitrophenol,  infra),  but  is  in 
reality  different  both  from  that  compound  and  from  its  isomer,  isonitropEenic  add 
(pp.  894,  896). 

BUtmodlnltroplienol.  C^H*N«0*  ->  CH*N^NO")*0.  rGriess,  loe.  et«.)— Pzo- 
duced  by  passing  nitrous  add  gas  into  an  alcoholic  solution  ox  picnmic  add : 

C!»H»N«0»  +  HNO«     »     C«H«N*0*  +  2H«0. 

If  however  the  pieramic  add  used  is  impure,  or  if  it  be  added  to  alcohol  previously 
saturated  with  nitrous  add  and  slightly  warmed,  nothing  bat  dinitrophenie  add 
is  obtained. 

Diasodinitrophenol  crystallises  in  biass-yellow  or  golden- vellow  laminse,  ^Mringly 
soluble  in  vater,  alcohol,  and  ether;  is  neutral  to  vegetable  colours ;  has  a  bitter  taste ; 
and  detonates  violently  when  heated.  It  is  dissolved  without  decompodtion  by 
mineral  acids,  but  is  decomposed  when  heated  with/um*n^  sulphuric  acid;  dry  chlorine 
does  not  act  upon  it.  When  boiled  for  some  time  with  water,  it  is  decomposed,  with 
formation  of  a  resinous  body,  and  a  red-brown  pulverulent  substance  soluble  in  alcohol, 
ether  and  alkalis,  but  not  cr^stallisable.  On  aiiding  carbonate  of  potassium  to  the  al- 
coholic solution  of  diazodimtrophenol,  nitrogen  is  evolved  and  dinitrophenie  add  ia 
produced,  the  colour  of  the  liquid  Ahunging  ^ni  yellow  to  red : 

0*H*N*0»  +  HK)     -    C«H<(NO«)K>  +  N«  +  O. 

The  oxygen  set  free,  aooording  to  this  equation,  is  probably  consumed  in  oxidising  the  • 
alcohol. 

DtMODltrocAlaropliaBol.  CEWTCIO*  -  C«H»NXN0«JC10.  (Oriess,  foe.  «7.) 
This  compound  is  formed  when  a  rapid  stream  of  nitrous  add  gas  is  passed  through  a 
slightly  warmed  solution  of  nitroehlorophenamio  add,  or  when  the  latter  is  added  to 
alcohd  peviously  saturated  with  nitrous  add.  By  reoystallisation  frmn  alcohol,  it  is 
obtained  in  large  brown-red  prismatic  crystals.  It  is  sparingly  soluble  in  alcohol, 
ether  and  hot  water,  crystallises  tcom  hot  water  in  greenish  gold-yellow  lamins,  from 
ether  in  fdrcate  groups  of  needles.  It  dissolves  in  sulphuric  acid,  and  separates  from 
the  solution  aft^r  addition  of  water,  in  long  thread-like  crystals,  and  is  soluble  without 
decompodtion  in  adds  in  general    It  yields  a  yellow  powder  taming  red  on  exposuz* 
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to  light ;  detonates  Tiolentlj  abore  100^ ;  and  when  mixed  in  alcoholic  eolution  with 
alkaDfl,  giyea  oif  nitzogen  and  yields  nitiochlorophenic  add. 

Appendix  to  Phenol-derivativei. 

Trl-toAoplieiiio  aetd.  C*H*I'0. — Obtained  l^  treatinff  phenol  with  a  con- 
siderable quantity  of  protochloride  of  iodine.  On  diBSoMng  the  product  in  soda  and 
acidulating  with  sulphuric  acid,  a  precipitate  is  obtained  consisting  of  mono-,  di-,  and 
tri-iodophenie  acids,  from  which  the  two  former  may  be  extracted  by  boiling  alcohol  of 
60  per  cent.  The  residue  dissolyes  slowlv  in  strong  alcohol  at  the  boiling  heat,  and 
the  solution  when  evaporated  deposits  tn-iodophenic  add  in  radiate  groups  of  yellow 
crystals.  It  is  easily  soluble  in  ether,  and  decomposes  when  heated,  with  copious 
disengagement  of  iodine.  Treated  with  excess  of  protochloride  of  iodine,  it  yields 
pentachlorophenic  acid  (p.  893),  which  may  be  sublimed  in  splendid  white 
needles.    (Sohutsenberger,  Bull.  Soc  Chim.  [2]  iy.  102.) 

FBXMOIi-aXiUai  Also  called  JjniUn.  A  bine  dye  obtained  by  heating  pSBonin 
(p.  324)  with  aniline.  (See  Hofmann's  Beport  on  Ckemiad  ProdveU  ^.  in  the 
ExhibitUm  of  1862,  p.  135.) 

FH  ■■<!»  HCWWEO  AOm.  Syn.  with  FBnrTLGLTOOujo  Aon>.  (See  GLTCOir* 
xio  EiHSBi^  ii  918.) 


CH*.  In  the  free  state  C^^H^*.— The  radide  of  phenol  or  phenylio 
alcohol :  known  also  in  the  form  of  chloride,  bromide,  acetate,  &c.  It  is  obtained  in 
the  free  state :  1.  By  the  action  of  sulphuric  add  on  a  colourless  oil  (probabl;^  phenylic 
oxide  (C'H*)"0,  p.  416),  resulting,  amonff  other  products,  fronf  the  dry  distillation  of 
cupric  benaoate  (List  and  Limpricnt,  Ann.  Ch.  Fharm.  xc.  209). — 2.  By  the 
action  of  sodium  on  phenylic  bromide  or  bromobenaene  (Fit tig,  tbid,  exxi.  861 ; 
ftTTTJi  201),  or  of  sodium-amalgam  on  phenylic  chloride  (Gnnrch,  Chem.  Soc.  J.  xri. 
76).  Fittig  prepares  it  as  follows : — ^A  mixture  of  bensene  and  bromine  in  equiyalent  pro- 
portions is  exposed  in  a  retort  to  diilbsed  daylight  fat  eight  to  fourteen  days  or  as  h>ng 
as  white  fumes  of  hydrobromic  add  continue  to  wpear ;  the  contents  of  the  retort  are 
then  distilled  into  a  receiyer;  the  distillate  is  uuiken  wiUi  soda-ley  till  it  becomes 
colourless ;  the  watery  liquid  is  remoyed ;  and  the  oil  carefully  dried  with  chloride  of 
caldum  and  rectified,  collecting  apart  the  portion  which  passes  over  below  160^.  This 
distillate,  consisting  of  benzene  luid  monobromobensene  or  phenylic  bromide,  is  mixed 
in  a  retort  with  an  excess  of  sodium  cut  into  thin  slices ;  the  retort  is  left  to  stand  for 
24  hours  in  cold  water ;  and  the  product  distilled  off  The  distillate  is  easily  resolved 
by  one  rectification  into  benzene  and  pure  phenyl,  whieh  immediately  solidifies.  It  is 
important  that  the  mixture  of  benzene  and  phenylic  bromide  be  completely  dehydrated 
before  treating  it  with  sodium,  otherwise  the  hydrogen  evolved  from  the  water  will 
unite  with  the  nascent  phenyl  and  convert  a  portion  of  it  into  benzene.  A  mixture 
of  pure  phenylic  bromide  with  an  equal  volume  of  anhydrous  ether  may  also  be  used 
instead  A  the  mixture  of  phenylic  bromide  and  benzene,  but  it  is  less  advantageous. 

3.  Phenyl  is  also  produced,  together  with  benzene  and  other  producta^  by  the  action 
of  alcoholic  potash  on  nitrate  of  azophenylamine  (p.  432) : 

2C^*N«     +     C«H«0      -      C»«H"     +     C«fl*0     +     N*. 

Asopheajl-  Alcohol.  PiMoyL  Aldohjda 

■mine. 

On  heating  the  mixture  in  a  retort,  benzene  passes  over  with  the  sloohol  and  after- 
wards the  phenyl,  whidi  condenses  in  the  receiver  as  a  crystalline  mass,  and  may  be 
purified  by  repeated  crystallisation  from  alcohoL  (Or i ess,  Phil  Tnuis.  1864  [3] 
692.) 

4.  Together  with  other  products,  by  heating  sulphate  of  diazobenzidine  (p.  412) 
withalcohoL    (Griess.) 

Phenyl  crystallises  from  alcohol  in  iridescent,  nacreous  scales  which  mdt  at  69^  and 
sublime  at  a  higher  temperature  (List  and  Limpricht);  in  shining  lamina  mdting 
at  70-6«  (Fittig),  TO^  (Griess),  and  boiling  between  239'*  and  240«»  (Fittig).  It 
gives  by  analysis  98*75  per  cent  carbon  and  6*25  hydrogen  (List  and  Limpricht) ; 
93*24  carbon  and  6*56  hydrogen  (Fittig),  the  formula C"H'*  requiring 98*51  carbon  and 
64*9  hydrogen.* 

It  is  converted  by  bromine,  with  evolution  of  hydrobromic  add,  into  bromophenyl, 
C"H»Br»,  and  by  ftuning  nitric  add  into  nitrophenyl,  C"H*(N0Y. 

The  formation  of  these  compounds  shows  that  the  formula  of  phenyl  in  the  free  state 
is  not  CH*,  but  G"H>« ;  for  if  it  were  0^*,  that  of  bromophenyl  would  be  C«H<Br,  and 

•  Uat  and  Umnricht  attlgiMd  to  thdr  produce  the  fbmula  CiOH*,  which  however  does  not  agree  ao 
weU  with  their  aaalytU  as  Chat  of  phenyl,  CMHi«,  re^uiiias  »'41  per  eent.  C,  and  6*66  H. 
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that  of  nitfophenyl,  O^H^NO*) ;  bat  tli«06  IbnmibB  9»  inadmiflnble,  becftose  the  ram  of 
the  hydrogen-  and  biomine-atomB  in  the  one  case  and  of  the  hydiogen-  and  nitrogen- 
atoms  in  the  other  is  uneyen.  In  this  respect  then  phen^Iin  the  free  state  agrees  with  the 
other  so-calledalcohol-radides,  ukethyl,  etnyl,  See,  Fittie  however  regards  the  compound 
C**H'*,  obtained  as  above,  as  bearing  only  a  diiAant  rdationship  to  the  radicle  of  the 
phenyl-componnds,  and  aeoocdinsly  designates  it  by  a  different  name,  yiz.  di phenyl, 
on  the  groond  that  the  oomponndB  formed  from  it  by  the  action  of  bromine  and  nitric 
acid  do  not  belong  to  the  same  series  as  phenylio  alcohol  and  its  deriyatives.  In  this 
respect  howerer  phenyl  does  not  difRsr  essentudly  from  methyl,  ethyl,  and  their  homo- 
logaes,  inasmnoh  as  none  of  these  bodies  are  fonnd  to  yield,  by  combination  or  snbstitn- 
tion,  oompoonds  belonging  to  thesame  series  as  the  alcohol  from  which  they  are 
supposed  to  be  derived :  methyl,  C*H*,  for  erample,  when  treated  with  chlorine  yields, 
not  metfaylio  chloride,  CH'Gl,  ont  ethylie  chloride,  C^WCi,  and  monochlorinated  ethy- 
lie  (Monde,  CHH)1',  a  componnd  related  to  methyl,  0*H*,  exactly  in  the  same  ™— w*** 
as  dibromophenyl,  C"H*Bi*,  is  related  to  phenyl,  C'^H**.  If^  as  SchorleniaMt^B  ex- 
periments seem  to  show,  all  the  so-called  alooliol-nidicleB  in  the  te*  state  are  reafiy 
nydrides,  the  so-called  phenyl  or  diphenyl  most  be  regudad  m  the  hydride  of  the 
radicle  C>«H». 

BromoplMDjl.  CuH'Br'.  JXimmodifkenffl  (Fittig,  Ann.  Gh«  Phann.  CKxaiL 
204.) — This  oompomid  is  prodaeed : — I.  By  saturating  phenyl  with  excess  of  btomine 
■ndor  water  till  it  forms  a  doughy  mass,  remoying  the  excess  of  bromine  by  washing 
with  soda-ley  and  crystallising  the  now  solid  product  from  boiling  benzene  (Fittig). 
— 2.  By  heating  perbromide  of  diazobenzidine  (p.  412)  with  carlwnate  of  sodium,  or 
boiling  it  with  ^cohol  (Griess) : 

C'»H«N*.BPBi».Br*  -  C"H«Br*  +  N«  +  Br«. 
It  forms  concentric  groups  of  rather  large  colourless  prisms  haying  a  splendid  lustre 
and  starong  refracting  ^ower,  insoluble  in  toater  and  in  cold  alcohol,  sparingly  soluble  in 
bofling  akoMf  easily  in  benMms.  It  melts  at  164^  to  a  odourless  liquid  whidi  may  be 
cooled  below  160°  without  solidifying ;  at  a  higher  temperature  it  distils  without  de- 
composition. It  is  not  attacked  by  aLx>holic  potash  or  potassic  acetate,  even  after  pro- 
longed boiling,  and  therefore  does  not  exhibit  the  characters  of  bromide  of  chrysene, 
G"H*.Br* ;  neither  can  this  hydrocarbon  be  separated  from  it  by  the  action  of  sodium. 

CliloroplieiijL  C'*H"C1*.  Dichlorodipienyl — ^Produced  by  heating  the  chloro- 
platinate  of  diasobeozidine  (p.  412)  in  a  retort,  with  4  to  6  times  its  weight  of  sodie 
carbonate.  A  copious  eyolntion  of  gas  then  takes  pUce^  and  chlorophenyl  distils  oyer 
as  an  oily  body  which  solidifies  to  a  white  mass  in  the  neck  of  the  retort,  and  may  be 
purified  by  reoystallisation  from  boiling  alcohol : 

C>«H«N*.HK31«PtCl*    -     C»«H«C1«  +  CI*  +  Pt  +  N*. 

It  crystallises  in  white,  usually  well-deyeloped  prisms,  insoluble  in  100^,  sparingly 
soluble  in  alcohol  eyen  at  the  boiling  heat,  but  readily  soluble  in  ether.  It  melts  at 
148°  to  a  yellowish  oil,  which  can  be  distilled  without  decomposition.  (Gri ess,  Phil. 
Trans.  1864,  Pt  iii.  p.  780.) 

Vltropl&eBsrL  C^H^NO*)*.  Dinitrodiphenyl  (Fittig,  Ann.  Ch.  Pharm.  cxxiy. 
275.) — ^A  solution  of  phenyl  in  foming  nitric  acid  solidifies  to  a  mass  of  needle-shaped 
crystals  consisting  chiefiy  of  this  compound.  It  is  purified  by  filtering  the  liquid 
through  gun-cotton,  washW  the  remaining  crystalline  mass  with  water,  boiling  it  with 
small  quantities  of  alcohol  as  long  as  uie  liquid  is  coloured  yellow  thereby,  and 
crsytallising  the  white  mass  five  or  six  times  from  alcohol,  taking  care  that  a  small 
portion  remains  each  time  undissolyed.  When  thus  purified  it  crystallises  in  long 
colourless  needles,  which  melt  at  213°  and  decompose,  with  separation  of  charcoal,  at 
a  stronger  heat.  It  is  quite  insoluble  in  water,  and  yery  sparingly  soluble  in  alcohoL 
By  coTering  it  with  alcohol  and  sulphide  of  ammonium,  and  passing  sulphydric  acid 
gas  through  the  liquid  tall  the  whole  of  the  nitrophenyl  is  dissolyeo,  it  is  converted 
into  amidonitrophenyl  C"HXNH«XNO«),  and  amidophenyl  C'«H«(NH«)», 
which  is  identical  with  Zinin's  benzidine  (i.  644^  the  former  or  the  latter  pre- 
dominating according  as  the  decomposition  takes  place  in  a  cold  or  a  hot  solution. 
These  two  bases  are  easily  separated  from  one  another,  as  the  latter  only  is  soluble 
in  hot  water,  alcohol  or  hydrochloric  acid,  and  is  almost  wholly  precipitated  from  these 
solutions  by  sulphuric  acid. 

"^sonitrophsnyl,  CH"(NO')^ — ^This  compound,  formed,  simultaneously  with  the 
nitrophenyl  aboye  described,  by  the  action  of  fuming  nitric  acid  on  phenyl,  remains  in 
the  mother-liquor  after  the  latter  has  crystallised  out.  On  mixinff  the  acid  filtrate  with 
water,  a  soft  yellowish-white  mass  separates,  whidi  by  repeated  crystallisation  from 
alcohol,  may  be  resolyed  into  liquid  nitrobenzene  and  crystalline  isodinitrophenyL 
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The  latter  k  iniolable  in  mOer,  oMily  soluble  in  hot  aloohoi.  It  is  dSstingiuBhed  from 
nitiophenyl  by  melting  at  a  much  lower  temperature,  vis.  at  93*6^,  and  hj  fbiming 
wiUi  reducing  agents  two  bases  differing  in  propeitiea  from  the  two  jnst  described, 
thon^  agreeing  with  them  in  oomposttion.    (Fit tig,  loo,  oit) 

BrMttMiltMplMiiyl.  C"H^r>(NO*)P.  D^mmodinitrMfhenyl  (Fitti^,  Ann. 
Ch.  Pharm.  cxxsdi.  206.) — ^Bromophenyl,  gentlj  heated  with  faming  nitric  acid,  dis- 
soWes  with  somewhat  strong  reaction,  and  after  a  few  minntes  the  whole  solidifies  to  a  pulp 
of  fine  needle-shaped  eiTstals  of  this  oomponnd,  which,  after  washing  with  water,  mayb^ 
crystallised  from  hot  benzena  It  is  peifeetly  insolable  in  water,  yerj  sparingly  soluble 
in  aUohol  even  at  the  boiling  heat,  more  easur  in  hot  bensene,  whence  it  crystallises  in 
splendid  slightly  yellow  capUlary  needles,  often  an  inch  lonff.  It  is  very  much  like 
dinitrophenyl  in  external  appearance,  and  cannot  be  yolatihsed  without  decomposition. 

Bases  produced  by  reduction  of  the  preceding  Nitrocompounds, 

A«M«ptMB3rl,  C»H»N«  -  C'H^NH*)'  or  »Mi«l«t— »  (^'*^')"|N«.--.This 

compound  is  obtained  by  eraporating  the  solution  of  nitrophenyl  after  prolonged  treat- 
ment with  sulpfaydrie  add,  as  aboTe  described,  dissolying  the  residue  in  dilute  hydro- 
chloric add,  and  predpitating  with  sulphuric  add.  The  sulphate  thus  separated  is 
decomposed  by  boiling  with  ammonia,  and  the  tne  base  is  purified  by  re-solution  in 
hot  water,  predpitation  with  sulphuric  add  and  Bspafation  d|-  fl*tm'*rta,  and  finally, 
recrystallised  from  hot  water.  It  crystallises  in  colouriess  shining  sodes  wfaieh  vdb 
at  118°  (not  at  1089  as  generally  stated)*  (Fittig,  Ann.  Gh.  Pharm.  czziT.  275.) 

C»«H"N«0«=C»H»(NH«)(NO*) -^"^?^'Hn,  is  ob- 
tained by  eyaporating  the  above-mentioned  solution  of  nitrophenyl  after  treatment 
with  sulphydric  acid,  and  boiling  the  reddoe  with  water  till  the  resultinp;  solution 
no  longer  gives  a  precipitate  (of  benzidine)  with  sulphuric  add.  The  residual  ami- 
donitrophenyl  is  dissolved  in  moderately  dilute  hydrochloric  add,  the  liquid  is  filtered 
to  separate  sulphur,  then  predpitated  bj  ammonia,  and  the  bulky  red  flocks  thus 
obtained  are  washed  with  water  and  dissolved  in  hot  aloohoL  On  adding  hot  water 
to  the  alcoholic  solution  till  it  begins  to  show  turbidity,  amidonitrophenyl  separates  as 
a  aystaUine  powder,  which  is  purified  by  several  repetitions  of  uiis  treatment,  and 
finally  recrystallised  from  hot  alcohol.  It  fbrms  small,  bright-red,  needle-shaped 
crystals,  melts  at  about  160°,  vokitilises  with  partial  decomposition  at  a  hi^er  tem- 
perature, dissolves  sparingly  in  water,  but  easily  and  with  red  colour  m  boiling 
alcohol.  Its  solution  in  hot  strong  hydrochloric  acid  is  nearly  colourless,  but  turns 
zed  on  cooling  and  deposits  the  £rad  base  again  when  evaponted.  The  plaiinum- 
salt,  C**HMN*0*.HH}l'.Pt<*Cl«,  is  a  flocculent,  vezy  eadly  deoomponble  predpitate. 
(Fittig,  loc,  cit) 

arommmMepheBjl  or  BroaaobensldlBCt  C"H^*Br'N*.— This  base  cannot  be 
prepared  by  reducing  nitrobromophenyl  with  sulphide  of  ammonium,  this  reaction 
yielding  nothing  but  brovm  resinous  products  insoluble  in  hydrochloric  add.  But 
when  l£e  nitro-compound  is  heated  with  tin  and  strong  l^drochloric  add,  it  dissolves 
after  some  time,  and  on  diluting  the  solution  with  water,  and  filterings  the  fUtrate  de- 
pomts,  after  a  while,  hard  nodular  groups  of  crystals  consisting  of  a  compound  of  hydro- 
chlorate  of  bromobenzidine  with  stannous  duoride ;  and  tlus  when  boiled  with  dilute 
aqueous  ammonia  yields  bromobenddine  as  a  faintly  yeUow  oil,  which  solidifies  to  a 
glutinous  mass  on  cooling,  and  may  be  separated  from  stannous  oxide  by  solution  in 
alcohol,  whence  it  separates  in  hemispherical  groups  of  small  hard  crystals,  very  much 
like  sugar-candy,  but  always  having  a  yellow  or  brown  colour  arising  from  partial 
oxidation  taking  place  in  the  alcoholic  solution.  It  is  insoluble  in  water,  melts  at  89° 
and  decomposes  at  higher  temperatures,  with  evolution  of  hydrobromic  add  and  separa- 
tion of  much  charooaL    It  is  a  mudi  weaker  base  than  benddine. 

HydroeUorats  of  bromobensid^te  is  obtained  in  small  colourless  prisms  on  dissolving 
the  base  in  dilute  hydroehlorio  add  and  mixing  the  solution  with  strong  hydrochloric 
add.  It  is  partially  decomposed  by  solution  in  water,  and  appears  also  to  lose  a  portion  of 
its  add  on  mere  exposure  to  the  air.  Ammonia  added  to  the  solution  throws  down 
bromobenzidine  as  a  pure  white  amorphous  predpitate.  The  chloroplatinate  is  a  brown 
amorphous  predpitate  which  cannot  be  purified  by  resrystallisation.  The  sulphate  is 
soluble  in  water;  dilute  sulphuric  add  does  not  form  any  predpitate  in  a  solution  of 
the  hydrochlorate.    (Fittig,  Ann.  Ch.  Pharm.  cxxxii.  207.) 

*  The  tUtanent  toimd  In  most  Mutnls  of  Chemlttry,  and  at  pu«  549  rol.  1.  of  thU  work,  that  ben- 
sidiDe  melts  at  106°,  appear*  to  haiTe  origiDatadia  amiaprint  in  Zinia'f  paper  (J.  pr.  Cbem.  xxxtI. 
M).    Sae  GimeUH*»  Htrndkook.  x,  889. 
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A  body  iiomerie  with  bromobenzidine  (probably  bromide  of  ttobenzene),  is  obtained 
by  the  duwct  action  of  bromine  on  azobenzene,  C»*H>«N«.  This  prodact  is  sparingly 
Bolnble  in  alcohol  and  ether;  ctystaUises  from  alcohol  in  needles  having  a  faint  yellow 
colooT  and  golden  Instre ;  melts  at  about  206^,  and  sublimes  in  needles.  When  heated 
with  nitric  acid  of  specific  grarity  1*42,  it  dissolves  completely,  and  the  eolation  on 
cooling  deposits  the  compound  C"H»(NO*)N«Br*  in  straw-yellow  needles,  which  are 
yezy  solnble  in  alcohol,  and  melt  at  about  169^  to  a  liquid  which  soon  boils  and  decom- 
poses at  a  higher  temperature.    (A.  Werigo,  Ann.  Ch.  Fhann.  ezzzr.  178.) 

IMaaobeiiaidiiie,  C"HW  -  (^**^^)'|lSr«.    X^OrajgodipkenyL  (Griess,PhiL 

Trans.  1864,  Ft  iii.  p.  719.  >— A  base  obtained  as  a  nitrate  by  the  action  of  nitrous 
acid  on  nitrate  of  benzidine : 

0"H>*N«  +  2NH0*    -    C'*H«N*  +  4H«0. 

When  nitrous  acid  vapour  is  passed  throu^^h  an  alcoholic  solution  of  nitrate  of  ben- 
zidine, a  brown  amorphous  body  separates  m  considerable  quantity  (from  aa  aqueous 
solution  only  traces  are  deposited) ;  and  on  mixing  the  filtrate  with  twice  its  volume  of 
strong  alcohol  and  adding  etho^  nitrate  of  diasobenzidine  is  precipitated  in  minute 
dystals,  which  may  be  purified  by  dissolving  them  in  a  very  small  quantity  of  water, 
and  reprecipitating  with  alcohol  and  ether. 

Nitrate  of  Diagobenzidine,  C»H«N«.2NH0«,  crystallises  in  white  or  slightly 
yellow  needles,  easily  soluble  in  water,  less  soluble  in  aXcohot^  insoluble  in  eiher.  When 
heated  they  explode  with  violence.  The  aqueous  solution  left  in  a  oold  place  gradually 
undergoes  spontaneous  decomposition,  and  on  heating  it,  nitrogen  is  evolved,  and 

diphenyl-alcohol  (or  rather  xenylenic  alcohol)  C"H»«0«  -  ^  *^*^  |o«, 

is  deposited  in  white  ctystals,  together  with  a  brown  amorphous  substance : 

C>«H»N*.2NH0«  +  2H«0     -    C»H»»0«  +  2NH0*  +  N«. 

(See  XXNTLBNIO  Al^COEOLS.) 

Perbromide  of  Diazobengidine,  Ci'H'K^2HBr.Br*.  is  precipitated  on  adding 
bromine-water  to  an  aqueous  solution  of  the  nitrate,  in  round  reddish  crystals,  which 
must  be  washed  on  a  filter  with  water,  and  quickly  dried  over  oil  of  vitriol  and  quick- 
lime. It  is  very  unstable,  gradually  giving  off  bromine  even  at  ordiuOT  temperatures. 
It  is  also  decomposed,  with  evolution  of  gas,  by  solution  in  alcohol.  Heated  with  ear^ 
b(mateofeodiiim,itffvea  off  bromine  and  nitrogen,  and  leaves  bromophenyl(p.  410): 

C'«H«N*.2IIBr.Br«     -     C»H«Br»  +  Br*  +  N*. 

By  aqueous  ammonia  it  is  converted  into  bromide  of  ammonium  and  tetrazodi- 
phenylimide: 

C»*H*N*.2HBr.Br«  +  8NH»    -    (^**^^*^'|n*  +   6NH*B^ 

Perbromlde.  Tetruodlphenjl- 

imide. 

The  tetrazodiphenylimide  is  deposited  in  crystals,  and  by  repeated  ciystallimtion 

from  strong  alcohol  may  be  obtained  in  small,  very  brilliant,  white  or  yellowish  plates, 

insoluble  in  water,  very  sparingly  soluble  in  cold,  easily  in  boiling  alcohol,  moderately 

in  ether.    It  melts  at  127^  to  a  yellow  oil,  which  is  decomposed  with  slight  explosion 

at  a  higher  temperaturo.    It  is  neutral  to  test-paper,  does  not  combine  with  adds  or 

alkalis,  is  not  altered  bv  boiling  with  strong  hydrochloric  acid,  or  with  aqueous  or 

alcoholic  potash,  but  is  decompoMd  by  nitric  or  by  strong  sulphuric  acid. 

Platinoehloride  of  Diasobensidine,  C^*H^«.2HCLPti^Cl*,  is  precipitated 
by  platinic  chloride  ftom  a  solution  of  the  nitrate  or  sulphate,  in  light  yellow,  very 
smul  narrow  plates,  or  from  very  dilute  solutions  in  small  elongated,  well-formed  hex- 
agonal plates.  It  is  almost  insoluble  in  water,  alcohol  and  ether,  Exposuro  to  light 
daring  drying  causes  the  crystals  to  turn  brown.  Heated  with  carboMite  of  sodium  it 
gives  off  nitrogen  and  chlorine^  together  with  chlorophenyl(p.  410)  which  passes 
over  as  an  oil,  and  solidifies  as  a  white  mass  in  tiie  neck  of  the  rotort : 

C»*H«N*.2HCLPtCl*    -    C"HH31«  +  Pt  +  OT  +  N*. 

Sulphate  of  Diagobeneidine,  (?*H*N*.3SH'0*. — On  mixing  a  concentrated 
aqueous  solution  of  the  nitrate  with  cold  sulphuric  acid,  proviously  diluted  with  its 
own  bulk  of  water,  and  then  adding  strong  alcohol,  this  salt  separates  either  as  a 
white  crystalline  powder,  or  in  white  needles ;  if  alcohol  does  not  precipitate  it  com- 
pletely, ether  must  be  added.    It  is  very  soluble  in  water,  and  explodes  when  heated. 

*  Neglecting  the  hydrobromie  add,  the  compound  may  be  regarded  m  the  bromide  of  a  tetratomfe 
radicle  s<C»H«N4;lTBr*. 
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Heati^  with  alcohol^  it  is  Tiolently  decomposed,  giTing  off  nitrogen,  snlplmne  add  and 
aldehyde,  and  yielding  white  ciyatala  of  phenyl  (p.  410) : 

2(C»*H«N*.8SH«0*)  +   4CHK)     -     2C»«H'«  +  4C»HK)  +  lil»  +  aSHW. 
Sulphate  of  Dteso-  Alcohol.  Phenyl.         Aldehjde. 

beoildine*  • 

On  heating  a  solution  of  the  eolphate  in  a  small  quantity  of  oil  of  Yitriol,  a  violent 

erolation  of  nitrogen  takes  place,  and  a  brown  liqnid  is  formed  containing  a  trisnlpho- 

and  a  tetrasnlpho-acid : 

C'^H'K*  +  8SHH>*     -     C»«H«.8SH«0*  +  N«. 
C««H«N«  +  4SH»0«     -     C"H«.4SHK)*  +  N^ 

On  boiling  the  brown  liquid  with  thirty  times  its  Tolnme  of  water,  saturating  with 
carbonate  of  barium,  evaporating  the  filtrate  to  dryness  over  the  water-bath,  and  ex- 
hausting the  residue  several  times  with  water,  the  barium-salt  of  the  trisulpho-acid 
dissolves  while  that  of  the  tetrasnlpho-add  remains  behind.   (See  Stjlphubic  Ethbbs.) 

IMinTlrrii-*^*'*^-  ^  »iii.>^     or    IM*Bodipliei»jlea«-^Uplieiijrl-tetnuiiliiei 

(C»«IPN7') 
C~H*N«     -    C»«H«N*.2C^'N    =         (C«H»)«In«.     IHrazadiphmyl^midobenzoi. 

— This  compound  separates  on  adding  aniline  to  aqueous  nitrate  of  diaaobenzidin<s 
as  a  yellow  crystalline  mass,  which  may  be  purified  by  repeated  washing  with  alcohol : 

C»«H«N*.2NH0«  +  4C«ffN     =     C"H»N«  +  2{C^^.NH0«). 

It  is  insoluble  in  water,  and  very  sparingly  soluble  even  in  boiling  alcohol  and 
ether,  fiom  which  however  it  separates  in  lance-shaped  crystals,  genenlly  united  in 
stellate  groups.  It  explodes  when  heated,  and  deeomposesi  with  evolution  of  nitrogen, 
when  boiled  with  mineral  acidsi    (Griess.) 

WMMMTTUt  aBOMZSB  OV.  C*H*Br.  See  V-omcmMOMOUiaiEium,  under  Tbmkyl, 
HTDBinn  OF  (p.  414). 

FMJUilJEig  CBZOBEDB  OV.  C*H*G1.  See MovocBLOBOBunma, under Phbdctl, 
HTDBIDn  OT  (p.  414). 

FMJUIIJU,  crrAirZBa  or.  C^*.CN,  or  Benzonitrile,  C^*N.~-Alreadv  de- 
scribed under  the  latter  name  (i.  663). — Mendius  has  shown  (Ann.  Ch.  Pharm. 
cxxi.  129 ;  <  Jahresb.  1862,  p.  824),  that  when  treated  with  hydrochloric  add  and  granu- 
lated ^c,  it  is  converted,  by  the  action  of  the  nascent  hydrogen  thereby  evolved,  into 
a  base  CH'N,  isomeric  with  benzyhunine  (toluidine),  methylaniUne,  and  lutidine,  but 
differing  in  its  properties  from  all  three.  This  base  is  an  oil  lighter  than  water,  having 
an  aromatic  not  unpleasant  odour,  boUinff  between  182*6^  and  187*6^,  soluble  in  water, 
miscible  in  all  proportions  with  alcoh^  and  ether.  The  aqueous  solution  becomes 
turbid  at  the  heat  of  the  hand,  from  separation  of  a  portion  of  the  dissolved  oiL  It  is 
not  coloured  by  ekioride  of  lime  ;  when  evaporated  with  nitric  acid,  it  emits  the  odour 
of  bitter  almond  oiL  When  eiroosed  to  the  air  it  is  quickly  converted  into  small  shin- 
ing needles  of  the  carbonate.  It  forms  thick  white  fomes  with  hydrochloric  add.  The 
kydrochlorate,  C'H'N.HGl,  is  invisible,  sublimable,  easily  soluble  in  water  and  alcohol, 
insoluble  in  ether,  and  crystallises  in  rather  large  squaro  plates.  The  chloroauraU  ciys- 
tallises  in  long  yellow  needles ;  the  chloromercurate  from  alcohol  in  radiate  groups  of 
needles ;  the  ehloroplatinate,  2C^**NCLPt'^Gl\  in  very  thin  plates. 

rannx,  XTSSATB  or.    See  Phxnoi.  (p.  289). 

WVMatWJtf  xnxina  OV.  C*H'H. — Syn.  with  BtanEBra,  under  which  name 
it  has  been  alroady  described,  together  with  several  of  its  derivatives  (i.  641).  We 
have  hero  to  notice  several  new  cbrivatives  c^bensene,  and  some  additional  observations 
on  those  already  described. 

AsO'  and  Amido-bengenes, 

Aniline  or  monophenylamine,  CH'N,  is  regarded  by  Oriess  as  amidobensene 
C*H^NH*),  and  by  the  action  of  nitrous  add  on  aniline  and  its  salts,  compounds  aro 
formeid  containing  the  bases  OfH^N*  and  O^'^H^N*.  The  former  is  regarded  by  Griess 
as  diazobenzene,  that  is,  as  formed  from  benzene,  CH*,  by  the  substitution  of  2  atoms 
of  nitrogen  for  2  at.  hydrogen ;  the  latter  as  a  compound  of  diazobenzene  with  amido- 
benzene  (aniline)    -    C4<N'.C*H\NH').    The  compound  C"H^*  may  however  also 

be  regarded  as  azophenylamine    ^    m     ^  [^*>  tiiat  as  monophenylamine   having 

8  at.  hydrogen  roplaced  by  1  at.  nitrogen ;  and  the  compound  CH"!?*  in  like  manner 

(C«H»)*) 
as  azodiphenyl-dianune'    H"^    >N*.   Viewed  in  this  light  they  will  be  described, 

H     3 
together  with  their  bromo-,  chloro-,  and  nitro-derivatives,  under  Fjamujotnna. 
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Bromohen^enes, 

IB— broin»li6n«iDai  CH^Br. — This  compound,  obtained  by  the  action  of  bro- 
mine on  benzene  (i.  642),  appears  to  be  identical  with  bromide  of  phenyl  produced  bj 
the  action  of  bromide  of  phosphoroB  on  phenoL  F  i  1 1  i  g '  a  mode  of  preparing  it  from 
bensene  ha«  been  aSreadj  gnren  nnder  Fsktil  (p.  409).  To  aepamte  it  from  nn- 
altered  benaene^  the  miztore  of  the  tvo^  obtained  as  above,  is  rectified,  and  the  portion 
▼hich  distils  between  162^  and  164^  is  collect<>d  apart  Biche  (AniL  Ch.  Phann. 
czxi.  357),  by  distilling  120  pta.  of  phenol  with  90  pts.  bromide  of  phoephoras,  ob- 
tained an  oily  distillate  having  a  sweetish  taste  like  that  of  chlorobenzene,  boiling 
between  168®  and  166^,  and  containing  somewhat  less  carbon  than  that  required  by 
the  formula  C^HKH;  but  it  waa  evidenUy  impure. 

Monobromobensene  or  bromide  of  phenyl  is  not  attacked  by  eaustiepotash,  cyanide 
of  potassium  or  acetate  of  sflver ;  with  sodium  it  yields  phenyl,  C*'fl**,  according  to 
Fittig,  benzene  according  to  Riche ;  but  the  production  of  benzene  probably  arose 
from  the  presence  of  moisture  (p.  409). 

BtliromolieBae&ef  C^^Br",  is  obtained,  mixed  however  with  tribromobenzene^ 
by  the  action  of  bromine  in  excess  on  benzene  (Oouper,  i.  648).  A  purer  product  is 
obtained  by  heating  the  bromoplatinate  or  the  perbromide  of  azobromophenylammonium 
(see  FninrLAMnns,  p.  4d7)»  either  alone,  or  oetter  with  carbonate  of  sodium : 

8(G^H*Brin.AHBr)JtBr«      -      2G«H«Br'     +     Pt     +     N«     -f     Br«. 

BMWioplMiiMte*  Dibromo. 

bens«'nei 

Cra<BEN«Br»      -        C^*Br«    +     N«     4-     Br«. 
PerbraoUde.  Dibromo- 

beniene. 

A  still  bettw  method  is  to  deeompese  the  perbromide  with  alcohol;  the  decom* 
position  is  complete  after  a  few  minutes'  boiling,  and  if  too  much  alcohol  has  not  been 
iised,  a  large  portion  «ftliB4iifaKomobeiuenesei>azates  at  once  m  the  remainder 

is  precipitated  on  addition  of  water  as  thick  oil,  which  soon  solidifies  to  a  ayatalHne 
maaa.  After  waahinff  with  a  litUe  alcohol  and  pressure  between  bibulous  paper,  this 
mass,  together  with  ^e  crystals  first  predpitated,  is  subjected  to  distillation ;  £bzomo- 
benzene  tiien  distils  over  as  a  colourless  ou,  whidi  speedily  solidifies. 

Dibromobenzenecxystallisesfrom  etherin  rectangular  prisms  or  small  plates  (Gri  ess), 
oblique  prisms  (Couper);  melts  at  89^  (Coupex^  Griess),  ana  boils  at  219^ 
(Couper).    It  has  an  aromatic  odour.    (Griess.) 

TtHir<MHObeB»<Bte,  C^H'Br*,  has  been  already  described  (L  643). 

TWtim>romo1lnnafmis  rTTT'Ttr',  hnn  rermtly  been  obtained  by  Biche  and  B^rard 
(Ann.  Ch.  Fhann.  cxzziii.  61^  as  follows : — ^Dibromobenzene  is  prepared  by  exposing 
benzene  to  the  action  of  bromine  in  a  long-necked  fiask,  so  that  no  bromine  may  be 
lost,  and  the  resulting  crystalline  mass  ie  heated  with  excess  of  bromine  to  160^  in 
sealed  tubes  till  the  tiu)es  become  filled  with  small  crystals.  These^  which  consist  of 
tetiabromobenzene,  are  separated,  by  recrTstallisation  from  alcohol  in  which  they  are 
but  slightly  soluble,  from  undeoomposed  dibromobenzene  which  dissolves  easily  in 
that  liquid.  Tetrabromobenaene  forms  beautiftil,  sill^,  very  white  crystals,  solidifieB 
from  fwnon  at  about  160^,  and  volatihses  in  fiocks. 

The  bromobenzenes  are  attacked  by  fruning  nitric  add,  yielding  the  corresponding 
nitrobromobenzenes  (p.  406). 

Chlorohensenes, 

M<w>o<lilaro»e«  ■€«  n  C^*C3. — ^This  compound,  produced  by  the  action  of 
chlorine  or  chloride  of  iodine  on  benzene  (Hugo  Miiller,  Chem.  Soc  J.  xv.  41 ; 
Fittig,  Ann.  Ch.  Pharm.  cTzriii  49),  appears  to  be  identical  with  chloride  of  phenyl, 
obtained  by  the  action  of  pentachloride  of  phosphorus  on  dbenoL  (Laurent  and 
Gerhardt,  Ann.  Ch.  Pharm.  Ixxv.  79;  Williamson  and  Scrugham,  Chem.  Soc 
Qu.  J.  vii  238;  Biche,  Ann.  Ch.  Pharm.  czxi.  367.) 

PreparaHon.  1.  From  Bensene, — ^Benzene  absorbs  a  small  quantity  of  chlorine,  and 
if  it  be  exposed  to  light  or  heated  to  the  boiling  point,  hydrochloric  acid  is  slowly  evolved, 
and  two  series  of  products  are  obtained,  viz.  chlori&s  of  benzene  C^*Cl\  C^*C1*, 
C^^Cl*,  and  chlorobenzenee  C^HJl,  C«H*a«,  C^»C1»,  the  former  being  produced  in 
larger  quantities  than  tiie  latter.  But  when  chlorine  ia  passed  into  benzene  contain- 
ing iodine  in  solution,  a  much  more  copious  evolution  of  hjdrogen  takes  place,  and 
duorobenzene,  C^'Cl,  is  produced  in  much  larger  quantity,  tog^er  with  the  other 
two  substitution-products  just  mentioned;  if  the  chlorine  is  in  excess,  a  beautifully 
crystallised  compound  is  likewise  formed.    (HugoHuller.) 

2.  From  Phmol.—WhGa  2  at.  pentachloride  of  phosphorus  are  added  by  small  por- 
tions to  6  at  phenol,  a  violent  action  takes  place  at  first,  great  heat  being  produced 
and  hydrochloric  add  evolved;  bat  this  action  soon  ceases  and  it  becomes  necessary  to 
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beat  the  miztiire.  If  it  be  taen  distiUed  upwardB  till  it  has  nearly  oeaaed  to  give  off 
hydrochloric  acid,  and  the  diBtillate  sabsequently  collected,  about  |  of  the  whole  distils 
over  below  240°,  and  the  temperature  then  rapidly  rises  aboye  the  range  of  the  mer- 
curial thermometer.  The  distillate  collected  below  240°  is  a  limpid  colourless  liquid, 
which  when  washed  with  hot  water  and  subsequently  with  ^tasii,  yields  a  thick  oil 
which  setUes  to  the  bottom  of  the  Tsssel ;  and  on  submitting  this  oil  to  fractional 
distillation,  collecting  apart  the  portion  which  passes  oyer  at  136°  to  138^,  chloride  of 
phenyl  is  obtained,  nearly  pure  but  in  small  quantity.  The  brown  liquid  which  distils 
aboye  the  range  of  the  thermometer  is  phosphate  of  phenyl,  and  constitutes  by  fiir  the 
largest  portion  of  the  product  When  an  excess  of  chloride  of  phosphorus  is  used  in 
the  prepoation,  the  quantity  of  phenylic  chloride  obtained  appears  to  be  still  amaUer 
than  with  the  aboye  proportions. 

Chloride  of  phenyl  (obtained  by  the  second  process)  is  a  colourless  mobile  liquid, 
boiling  at  186°  fW.  and  S.),  at  137°  (Riehe).  According  to  Laurent  and  G«rhardt» 
it  ia  conyerted  by  water,  and  more  quickly  by  aqueous  potash,  into  phenol : 

C'«HKn     +     H«0      -      Ha     +     Cra«0; 

but  1iAt»^)lrA^n^  to  Riche  (Ann.  Ch.  Pharm.  cttt.  256),  it  is  not  attacked  by  potash, 
not  eyen  when  heated  with  aleoholie  potash  in  a  sealed  tube:  hence  he  regards  the 
compound  obtained  as  aboye,  not  as  chloride  of  phenyl,  but  as  monochlorobensene. 

Pure  chlorobenzene  prepared  by  Hiiller^s  process  is  likewise,  according  to  Fitting 
(Ann.  Ch.  Pharm.  czzxiii.  60\  perfectly  indifferent  to  the  action  of  alcoholic  potash, 
not  yielding  a  trace  of  phenol  or  of  chloride  of  potassium,  eyen  when  heated  with  it  for 
seyend  hours.  On  the  other  hand.  Church  (Chem.  Soc.  J.  zyL  76),  by  heating 
benaene  with  hydrochloric  add  and  acid  chromate  of  potessium,  obtained  a  distillate 
containing,  as  chief  product^  the  compound  C'*H*C1'  or  C"HK7LHC1,  which  when  heated 
with  strong  alcohohc  potash  yielded  phenol;  but  as  the  chlorinatBd  compound  used  in 
this  eneriment  was  the  eniie  product  of  the  action  of  nascent  chlorine  on  benseney 
which  had  not  been  submitted  to  any  process  of  poriflcstion,  it  is  by  no  means  certain 
that  the  phenol  thus  obtained  really  resulted  from  the  decomposition  <^  pbenylio 
chloride  or  chlorobensene.  The  same  crude  distillate  washed  with  aqueous  potash  and 
rectified,  yielded  phenylic  chloride,  which  when  distilled  oyer  sodium-amalgam  left  a 
residue  containing  phenyl,  C**H**  (p.  409),  together  with  a  small  quantity  of  a  yellow 
crystalline  body,  probably  chrysene,  nCA*,  while  the  distillati*  contained,  together  with 
unaltered  benzene,  a  hydroearbon  boiling  at  91°,  and  likewise  haying  the  composition 
C«H*.    (Church.) 

Pure  chlorobenzene  is  not  attacked  by  acetate  of  silyer,  by  an  alcoholic  solution  of 
potassic  acetate,  or  by  ammonia.  Heated  with  sodium  it  yields  benzene  (Riche), 
probably  arising  from  a  trace  of  moisture  (see  page  409). 

l>tcM#go»an«nna,  CHK^P,  is  obtained  by  heating  the  chloroplatinate  of  azo- 
dilorophenylamine,  2(CH'ClN*.HCl).PtCl^  with  carbonate  of  sodium,  and  crystallises 
in  long  needles  or  elongated  four-sided  plates,  haying  the  same  peculiar  aromatio 
odour  as  dibromobenzene.    (Griess,  PhiL  Trans.,  1864,  [3],  706.) 

TrUUimfh^BMmam^  C^'Cl",  has  been  already  described  (L  543). 

HydroehloraU  of  tficklorohenMene,  C^BHJl*  «  C«H*a*.3HC],  heated  with  acetate  of 
silyer,  yields  compounds  resembling  the  olucosides  in  their  power  of  reducing  cupric 
oxide  in  alkaline  solution.    (Rosens tiehl,  Jahresb.  1862,  p.  481.) 

Cliloro1iromobeiiB0iiev  C^^CIBr,  is  obtained  by  heating  the  chloroplatinate  of 
azobromohenylmine  with  carbonate  of  sodium : 

2(C«H^rin.HCl)Pta*     -     aCflttKSBr     +     Pt     +     Q*     +     N*. 

The  crystals  which  condense  in  the  neok  of  the  retoit  may  be  purified  by  pBCSsiag 
them  between  filter-paper,  <^iffl?nirg  a  second  time,  and  reorystallising  from  alcohoL 

Chlorobromobenzene  dissolyes  rather  slowly  in  alcohol,  but  easily  in  ether,  and  ci^ 
tallises  from  a  hot  saturated  aleolM^  solution  on  cooling,  or  from  the  ethereal  solutum 
by  eyaporation,  in  white  needles  or  plates  haying  a  peculiar  odour  like  that  cf  benaene. 
(Griess,  PhiL  Trans.  1864,  [3],  702.) 

lodobengenes. 


Monolodobeiixaiie  or  lodlda  ef  Vluniyl.— 8 erugh  am,  b^  treating  phenol  with 
iodine  and  phosphorus,  obtained  a  liquid  which,  after  treatment  with  potash  and  rectifi- 
cation, bailed  at  260°,  and  was  found  to  contain  iodine.  This  liquid  was  presumed  to 
be  iodide  of  phenyl,  but  the  quantity  obtained  was  not  sufficient  for  a  satisfiictory 
inyestigation  (Chem.  Soc  J.  ziii.  244).  Seyeral  other  chemists  haye  attempted 
the  preparation  of  phenylic  iodide,  with  no  better  success. 

BrmBlodolMSUMiM,  CH^Brl,  formed  by  boiling  the  perbromide  of  azoiodophenyl- 
'ammonium  (perbromide  of  diazoiodobensene)  C^H^IM'.Br',  with  alcohol,  oystallises 
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ttom  ether  or  alcohol  in  laige  white  phites  which  are  Tolatile  without  decomposition. 
(Griess.) 

Nitrobengenes. 

MOBO-  and  IM-iiltrobMiBene  have  been  ahreadj  described  (i.  648 ;  It.  69).  The 
former  ia  oonvcgrted  bj  sotUumramalgam  into  asobenaene  (i  477) : 

2CWI^N0«)     +     H»      -      C"H'«N«     +     4H«0. 

Nitrolteosene.  Aiobeoiene. 

Part  of  the  azobenzene,  howey^r,  takea  up  2  at  hydrogen  more,  and  is  oonyerted  into 
benzidine.   (Werigo,  Ann.  Ch.  Fharm.  czzxy.  176.) 

WltrobromolMiiaenei  G^XNO*)Br,  is  produced  hj  the  action  of  fuming  nitric 
acid  on  monobromobenzene  (Oouper,  aee  i.  643).  When  treated  with  reducing  agents 
it  yields  bromaniline,  C*H*Br$r.  A  nitro-bromobenzene  having  exactly  the  same 
composition  and  j^ioperties,  is  produced  by  heath«g  bromoplatinate  of  fi  azonitro- 
pbenylamine  (obtained  from  fi  nitraniline)*  with  carbonate  of  sodium : 

2[C«H\N0*)N».HBr]Pt»'Br*      -      2C^\N0«)Br     +     N*     +     Pt     +     Br*; 

or  by  heating  the  perbromide  of  fi  azonitiophenylammonium  with  alcohol ; 

C«H*(NO*)N*Bi»    -     C^*(NO«)Br  +  IP  +  Br». 

It  melts  at  126^t  &nd  oystallises  in  long  white  needles  (Griess,  FhiL  Trans.  1864, 

{3],  712).  An  isomeric  compound  distinguished  as  a  nitrobromobenzene  is  obtained  in 
ike  manner  from  the  perbromide  of  a  azonitrophenylammonium.  It  crystaUises  in 
rhombic  prisms  wluch  melt  jtt  66°  (Griess).  a  and  fi  nitrobromobenzene  treated 
with  sulphide  of  ammonium,  yield  respectively  a  and  fi  bromauiline.    (Griess.) 

VttrotftbronuibeBaeiiat  C*H'(NO*)Bi',  is  obtained  by  the  action  of  filming  nitric 
acid  on  dibromobenzene.  When  heated  with  alcoholic  sulphide  of  ammonium  it  yields 
dibromaniline.    (RicheandB^rard,  Ann.  Gh.  Phaim.  cxxxiii  61.)  ' 

VltrotetraliroiBobeBxaBOp  0'H(NO*)Br*,  is  a  crystalline  product  obtained  by 
the  action  of  ftiming  nitric  acid  on  tetrabromobenzene.    (Biche  and  B^rard.) 

aitroolilMrolieiiseiief  (^HXNG')C1,  produced  by  boiling  monochlorobenzene  with 
strong  nitric  acid,  crystallises  in  long  needles,  melts  at  78^  and  solidifies  at  74^.  It 
dissmves  sparingly  in  VfatcTf  easily  in  hot  alcohol  and  m  ether.  By  sttlf^ide  of  am- 
monium and  other  reducing  agents  it  is  converted  into  ehloraniline.  (Biche^  Ann. 
Ch.  Phaim.  cxxi  367.) 

]MiiltrpdldlilorobeiiB0iM9  G*H*(1^0^K9,  is  formed  by  the  action  of  penta- 
chloride  of  phosphorus  on  dinitrophenic  add,  perhaps  thus : 

c^^o«)«|q   +   pa»    -    c^No»)«a   + .  pa«o   +   hcl 

The  resulting  yellowish  liquid,  decanted  on  cooling  from  the  excess  of  chloride  of  phos- 
phorus, solidifies  in  a  few  days  to  a  ciystalline  mass  which  may  be  washed  with  cold 
and  dissolved  in  hot  aloohoL  The  alcoholic  solution  becomes  milky  on  cooling,  and 
deposits  the  compound  as  a  yellow  powder,  which  after  a  few  days  solidifies  in  needles. 
(Laurent  and  Gerhardt^  Ann.  Ch.  Phaim.  Ixxv.  79.) 

THaitnMlilorobMiBABev    TrlnitroplMiiylio   <ilileildef   or  Otaloroptflrylt 

C'R^SO^yCL — ^This  compound  is  obtained  by  the  action  of  1  at  pentachloride  of 
phosphorus  on  1  at  picric  add : 

c^«(No»)H)   +   pa»    -     c«H«(NO«)Kn   +   pa"o   +   hcl 

The  two  bodies  act  violently  on  each  other  at  first,  and  copious  fumes  of  hydrochloric 
add  are  evolved.  As  soon  as  this  action  ceases,  and  oxy chloride  of  phosphorus  begins 
to  pass  over,  the  retort  must  be  removed  ficom  the  fire,  because  the  chloropicryl  would 
be  decomposed  by  further  heating,  and  a  resinous  substance  formed :  hence  the  chloro- 
pioryl  cannot  be  completely  pinfied  from  oxychloride  of  phosphorus  by  distillation. 
It  is  a  yellow,  solid  body  havinff  an  agreeable  odour.  Water  decomposes  it,  forming 
hydrochloric  and  picric  adds.  It  dissolves  in  alcohol  and  in  ether.  Carbonate  of  am- 
monium converts  it  into  picramide  (^.  v,),    (Pisani,  Ann.  Ch.  Pharm.  zdL  326.) 

lOima  OVa    See  loDOBBMZBm,  p.  416. 


OXIBB  OWm    (CH*)'0. — ^This  compound  appears  to  be  formed  W 
heating  chloride  of  phenyl  with  phenate  of  sodium :  CfH*Cl  +  C*H*NaO  »  NaS 

*  M-nltranillne  If  the  baae  produced  bj  the  action  of  iulphld«  of  aminoDiam  on  dinitrobenseD« : 
^•nitranillnc  is  the  itomerlc  conponnd  obUlnrd  bj  dlttiluDg  owtain*  nitrati^  phenylamldos  with 
potath  (lee  PhbhtiaminbiV  Thu  is  the  mode  of  distinction  proposed  bj  Hoftnann.uid  gmenl^f 
adopted.  In  Ortess's  paper,  howcTor,  abore  referred  to,  the  meaning  of  the  preflzes  a  and  fi  is  rererseii. 

t  According  to  Cooper,  nitrobromobeniene  preiiared  by  the  action  of  nitric  acid  on  bensene,  roeltt 
below  9QP  {  but  Griess  has  shown  that  the  product  thus  obtained  melts  at  exactlj  the  same  point  aa  tb«t 
prepared  from  the  platinum-salt  of  «-asQnitrophen]rlamlne. 
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+  (C*H*)'0 :  the  fbrmation  of  chloride  ofsodium  was  obeerred,  but  no  distillate  was  ob- 
tained (Scrugham);  Li8tandLimprieht(Ann.  C3i.  Pharm.  zc.  209),  by  subjecting 
benxoate  of  copper  to  dry  distiilation,  obtained,  amongst  other  prodnets,  a  colourless  oil, 
boiling  at  260^,  and  yielding  by  analysis  84*85 — 84*60  jper  cent  carbon  and  6*99 
hydrogen,  nombeis  agreeing  nearly  with  the  composition  of  phenylic  oxide,  which  re- 
quires 84*70  per  cent,  caroon,  6*88  hydro^n,  and  10*42  oxygen.*  This  oil  had  an 
agreeable  odoor  of  geraniums,  was  insoluble  m  water,  sparingly  soluble  in  alcohol,  Tenr 
soluble  in  ether,  u  was  not  decomposed  by  alcoholic  potuh,  but  when  heated  with 
strong  sulphuric  acid  it  yielded  a  white  crystalline  body  having  Teiy  nearly  the  com- 
position of  phenyl,  C**H>*  (p.  409). 

gHBIilJU,  mmBWanmm  or.  Protoaulvkide,  C>*H>*S.  (Stenhouse, 
Pioc.  Boy.  Soe.  ziy.  861.) — ^Tbis  compound,  or  a  boohr  isomeric  with  it,  is  obtained  by 
the  dry  distillation  of  sulphobenaolata  of  sodium,  C&'NaSO*.  When  this  salt,  in  the 
form  of  dry  powder  and  in  quantity  not  exceeding  26 — 80  grammes^  was  heated  in  a 
copper  fladc,  sn  oily  body  ooyered  with  a  layer  of  water  condensed  in  the  receiyer,  and 
a  considerable  quantity  of  carbonic  and  sulphurous  anhydrides  was  eyolyed,  while 
carbonaceous  matter  and  carbonate  of  sodium  remained  behind.  The  crude  oil  began 
to  boil  at  about  80^,  between  which  temperature  and  110^,  water  and  bencene  passed 
oyer.  The  boiling  point  then  rose  quickly  to  290^,  at  which  temperature  the  greater 
portion  of  the  liquia  distilled  oyer,  leaying  a  black  tarry  residue ;  and  this  when  more 
strongly  heated  ^ye  a  further  quantity  of  an  oily  body  which,  when  rectified,  yielded 
the  sabstance  boiling  at  about  290^,  and  aboye  800^  a  liquid  which  after  stanmng  lor 
some  weeks  deposited  a  few  crystals. 

The  oil  boihng  between  290*^  and  800°,  which  amounted  to  about  two-thirds  the 
weight  of  the  cmde  oil,  yielded  on  rectification  an  oil  boiling  yery  constantly  at  292*6°, 
and  containing^  after  further  rectification  in  a  current  of  hydrogen,  77*12  per  cent, 
carbon,  6*38  hydrogen,  and  17*49  sulphur  (mean),  agreeing  nearly  with  the  formula 
C»«H««S,  which  requires  77-.41  C,  6*38  H,  and  17*20  S, 

Sulphide  of  phenyl  is  nearly  colourless,  with  only  a  yery  £unt  yellow  tinge,  and  has 
an  aromatic  but  slightly  alliaceous  odour.  It  has  a  high  refivctiye  power,  specific 
erayity  1*09,  and  boils  at  292*6°.  It  is  insoluble  in  waieTf  yery  soluble  in  hot  spirit, 
nom  which  it  partially  separates  on  cooling,  and  is  miscible  in  all  proportions  with 
etker,  hensene^  and  nupMae  of  carbon.  Its  alcoholic  solution  mixed  wiih,  pUttinio  chlo' 
rule  giyes  a  slight  fiooeulent  precipitate,  which  on  standing  resolyes  itself  into  a  red* 
dish-coloured  oil.  Nitrate  ofmlver  and  mereurie  ehhride  sire  no  precipitate.  It  dis- 
solyes  sparingly  in  cold  strong  tuiphurie  acid,  forming  area  solution;  but  on  raisins  the 
temperature  the  whole  dissolyes,  ibrminff  a  greenish-black  liquid,  which  becomes  colour- 
less when  l^vgely  diluted  with  water,  and  on  neutralisation  with  chalk  yields  an  organic 
calcium-salt  Ihe  solution  of  the  oil  in  strong  sulphuric  acid  blackens  and  giyes  off 
sulphurous  anhydride  when  yery  strongly  heatM.  it  is  not  acted  upon  by  solutions  of 
the  alkalis,  either  aqueous  or  alcoholic,  but  is  decomposed  by  heating  with  solid  potash. 

Sulphide  of  phenyl  heated  with  strong  nitric  add,  or  with  acid  ckromate  ofpoUutium 
and  dilute  stdpkttiric  acid,  ia  conyerted  mto  a  crystalline  substance  haying  the  compo- 
sition of  Mitseherlich's  sulphobensene^  C^H'^SO*,  but  differing  from,  itereatly 
both  in  chemical  and  in  physical  properties:  henoe  fbr  distinction  called  sulpho* 
bensolene(jf.  v.). 

Diaulpkide,  CH^^.  (0.  Vogt,  Ann.  Ch.  Fhaim.  cxix.  142.)— This  compound 
is  produced  firom  phenylie  sulphydnte  or  phenyl-mercaptan :  1.  By  oxidation  with 

nitnc  acid : 

2(C«H»)HS  +  HNO»     -    (C^»)«*  +   NO*  +  BPO. 

When  phenyl-mercaptan  is  gently  heated  with  nitric  add  of  specific  grayity  1*2  in  a 
retort  connected  with  the  beak  of  a  Liebig's  condenser  till  red  fumes  begin  to  escape, 
the  action  goes  on  of  itself  without  f^irther  heating,  and  at  its  termination,  the  oil,  which 
at  first  floats  on  the  top  of  the  liquid,  sinks  to  the  bottom,  and  solidifies  on  cooling  to  a 
crystalline  mass  which,  when  washed  with  water  and  dissolyed  in  boiling  alcohol,  yields 
b^  spontaneous  eyaporation  needle-shaped  crystals  of  disalphide  of  phenyl. — 2,  A  solu- 
tion of  phenylic  mercaptan  in  alcohohc  ammonia,  left  to  eyaporate  spontaneously  at 
ordinanr  temperatures  in  a  wide  cylindrical  yessel  half  filled  with  it,  also  yields  crystals 
of  the  disulphide. — 3.  A  small  quantity  of  this  compound  is  obtained  in  the  preparation 
of  phenyl-mercaptan. 

Disulphide  of  phenyl  is  obtained  by  the  first  method  in  long  white  shining  needles ;  by 
the  second  in  beautiful  regularly  deyeloped  crystals  half  an  inch  long,  and  haying  the  form 
of  orthorhombio  prisms  with  truncation  of  the  macrodiagonal  and  brachydiagonal 

*  List  and  Limpricht  aulgned  to  It  the  fonnula  C**B*0^  ^^bicb  requlret  84*07  C  and  ft*73  H» 
Vot  IV.  E  E 
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lateral  edges,  and  terminated  by  a  simple  dome.  It  has  a  faint  not  unpleasant  odour, 
is  insolable  in  toater,  but  easily  soluble  in  aleohol  and  ether;  melts  at  60^  to  a  yellowish 
oil,  which  when  left  at  rest  sometimes  does  not  solidify  till  eooled  to  26°.  Though  but 
slightly  Tolatile,  it  distils  without  decomposition  at  a  somewhat  high  tempera>tQre. 
Nascent  hyd'^oaen  evolved  by  rinc  and  hydrochloric  acid,  converts  it  into  phenyl-mer- 
captan.  -  ^By  the  prolonged  action  of  niirie  add,  it  is  converted  into  phenylsulphurous 
acfd,  CrH*SO«. 

(Vogt)  ^.  cit.)i  Berutylio  StUphydrate,  or  Bensylio  Merctmtan  (Kolbe). — Produced 
by  the  action  of  nascent  hydrogen  on  snlphophenylio  chbride: 

C«H»80KJ1  +  H«    -     C«H«S  +  HQ  +  2H»0. 

It  is  prepared  by  pouring  dilute  sulphuric  acid  upon  zinc  in  a  capacious  flask,  and 
adding  sulphophenylic  chloride  as  soon  as  the  evolution  of  hydrogen  becomes  rapid, 
taking  care  that  the  zinc  projects  considerably  above  the  oily  liquid  at  the  botton.  On 
distilling  the  liquid  after  twenty-four  houn,  the  phenylic  siuphydrate  passes  ovor  with 
the  aqueous  vapour,  and  collects  as  an  oil  in  the  receiver.  Tne  residual  saline  solution 
contains  a  small  quantity  of  phenylic  disulphide.  When  large  quantities  are  operated 
on,  it  is  best  to  subject  the  ou  to  a  second  treatment  with  zinc  and  sulphuric  acid. 

Phenylic  sulphydrate  is  a  colourless,  mobile,  strongly  refracting,  oil^  liqxiid,  having 
an  intensely  disagreeable  odour.  Specific  gravity  1*078  at  14°.  Boiling  point  about 
166°.  It  bums  with  a  bright  white  flame.  When  placed  on  the  skin  it  produces  a 
burning  pain ;  its  vapour  attacks  the  eyes  and  produces  giddiness.  It  is  not  miscible 
with  water,  but  nevertheless  imparts  its  odour  thereto ;  it  dissolves  easily  in  alcohol, 
ether,  hemene  and  sulphide  of  carbon.  It  dissolves  sulphur  with  yeUowisti^  and  iodine 
with  red-brown  colour. 

PhenyUsvlphides  or  Phenyl-mercapiides, — ^Phenylic  sulphydrate,  like  the  correspond- 
ing ethylic  oomponnd  (ii.  647  X  can  exchange  its  typic  hydrogen  for  metals. 

The  cupric  salt,  C**B['*Cu'^*,  is  precipitated  as  a  pale  yellow  powder  on  mixing  the 
alcoholic  solutions  of  phenylic  sulphydrate  and  cupnc  acetate.  The  lead-salt, 
CH'^Pb^S',  obtained  in  like  manner,  is  a  yellow  crystalline  body,  which  has  a  silky 
lustre  when  dry,  becomes  cinnabar-red  at  120°,  yellow  again  at  200°,  melts  above  230° 
to  a  red  Uquid,  and  solidifies  again  to  a  yellow  mass  on  cooling. 

Mereury'Salt,  C*^"'Hg''S'. — ^Phenyl-mercaptanacts  very  violentlv  on  mercuric  oxide; 
when  a  drop  of  it  is  let  fall  on  the  dnr  oxide,  great  heat  is  produced  and  the  whole 
mass  is  scattered  about^  and  even  the  dilute  alcoholic  solntion  becomes  very  hot  in  con- 
tact with  mercuric  oxide.  The  mercuric  phenylsulphide  produced  by  tills  reaction 
ciystallises  from  alcohol  in  white  capillary  needles,  having  a  silky  lustre  when  dry. 
On  mixing  the  alcoholic  solutions  of  mercuric  chloride  and  phenyl-mercaptan,  the 
double  salt,  G'*H**>H£f'S.Hg''Cl*,  is  produced,  and  crystallises  mmi  a  boiling  alcoholic 
solution  on  cooling  in  white  laminae. 

Phenyl^tdphide  of  Silver,  C^'AgS,  is  precipitated  as  a  pale  yellow  ciystalUne  pow- 
der on  mixing  the  alooholic  solutions  of  phenyl-mercaptan  and  nitrate  of  silver.  Awrie 
and  plaiinie  chlorides  form  brown  precipitates. 

The  sodiutH'Salt,  0*H*NaS,  is  formed,  with  evolution  of  hydrogen,  on  adding  sodium 
to  phenyl-mercaptan,  and  remains  as  a  white  saline  mass  on  ex^dling  the  excess  of  the 
mereaptan.  Carbonic  anhydride  passed  into  the  alcoholic  solution  of  this  salt  forms 
the  compound  C*H*NaO*S,  just  as  salicylate  of  sodium,  C'H*NaO',  is  formed  from 
phenate  of  sodium,  C*H^aO. 

PBB]BrTXnA.CBTA]aZ]>B  or  Aeetanilide,  C^*N0==(C*H*)(0'H>0)HI7.  (Ger- 
hardt,  Ann.  Cb.  Fharm.  Ixxxvii.  164.) — Produced  by  the  action  of  aniline  npon  acetic 
anhydride  or  chloride  of  acetyl : 

C*H«0«      +     2C«H'N    -      2C«H»N0  +     H«0. 
C«H«0CI    +     C'H'N      -      C"H»NO     +     HCL 

It  crystallises  in  colourless  shining  laminse,  melts  at  112°,  and  solidifies  in  a  crys- 
talline mass  on  cooling;  distils  without  decomposition.  Sparingly  soluble  in  cold, 
moderately  soluble  in  hot  water,  also  in  alcohol  and  ether.  It  is  scarcely  acted  npon  by 
boiling  potash-ley,  but  fused  hydrate  of  potassium  decomposes  it  immediately,  forming 
aniline  and  acetate  of  potassium. 

Phenylacetamide  treated  with  brominej\M&  mono-  and  di-bromophenylacet- 
amide  according  to  the  proportions  used ;  similarly  with  chlorine  (Mills,  Proc  Boy. 
Soc  X.  689.— Griess,  Ann.  Ch.  Pharm.  cxxi.  267).  y^iih  fuming  nitric  acid  it  yidds 
nitrophenylacetamide.    (Hofmann,  Proc.  Boy.  Soc.  x.  689.) 

-AOOWXTAMZSS8.    See  AcoKmc  Aero  (i.  66). 
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CO  ACTUS.  AniUo  acids. — ^Amio  addi  having  the  hydrogen  more 
or  lees  repUced  bj  phenyl,  and  oontaining  the  elements  of  aniline  and  apo^baeie  add 
fliiiMtf  the  elements  of  water :  e,ff. 


H       ' 

WwaymrriiMiinic 
add. 

Fhrnqrldtrtniie  add. 

(c«a»o 


H 

H 
▲nlUiia. 


!«•- 


HK). 


Soodnia 
add. 


H  In 

Anilina. 


(C^rjo.    _    2HH). 


atricadd. 


W^}o     -     ^flV) 


I 


2H«0. 


Diphen7ldtnmic 
add. 


They  are  produoed  either  hy  direct  elimination  of  wat^  firom  salts  of  aniline,  or  by 
heating  aniline  with  excess  of  the  corresponding  adds,  or  by  heating  the  corresponding 
phenylimides  with  aqneons  ammonia  (see  Amio  Acma^  L 167).  The  individual  phenyl- 
amic  adds  are  described  in  connection  with  the  oorrasponding  primary  amie  adds  (see 
CABBAiao  Acid,  i.  751 ;  Cmuo  Aero,  Aicroxs  of,  i.  1000 ;  OxAmo  Acm,  it.  281). 

mtM  MM  w  i-A  ■■  fifcM  or  AinObHIBS.  Amides  in  which  }  of  the  hydrogen  is 
replaced  by  phenyL  They  contain  the  elements  of  neutral  salts  of  aniline  minut  1,  2, 
or  3  at  water,  according  as  the  add  is  monobasic,  dibasic  or  tribasic :  e,  g, 

(THK)) 

CmW.CfH'N 


C«H»  >N 

H    ) 

Fheiijl4Miisaiiiida. 

(C«B[»)*  In« 
Fbeoyl-fiiodii- 


-      H^. 


Banioata  of  anlfiaa. 


-       C*HK)«.2C*HTS[      -     2H?0. 


8wrlna>a  of  anUloe. 


Citrate  of  aniline. 


-     3H^. 


(cra»o*r) 

(C-H»/  VN» 

w    y 

Pbesyl-dtramide. 

They  are  formed  by  dry  distillation  of  the  aniline-saltB,  or  by  the  action  of  add  anhy- 
drides, or  chlorides  of  add-radides,  on  aniline. 

Phsmtldodbs  or  AmLs. — Tertuuy  monamides  in  which  2  at.  H  are  replaced  by 
a  diatomic  add-radide,  and  the  remaining  atom  by  phenyl.  They  are  produced 
from  add  salts  of  aniline  by  elimination  of  2  at  water,  and  may  be  regarded  as  aniline^ 
in  which  2  at  H  are  replaced  by  a  diatomic  radide :  s.  g. 

(C*H*0«y 


I- 


0*H«CH.C«H»N     -     2HK). 


Fhenyl-aiiedniaiide. 


Addracdnate 
of  aniline. 


Heated  with  aqneons  ammonia,  they  tsJce  np  1  at  water  and  are  converted  into  the 
corresponding  phenylamic  adds :  e.  g, 

C"H»NO«     +     BPO      -      C"H"NO«. 
Fhenyl-eaodnlmlde.  FbenyUtuccinanUc 

acid. 

P jUm  I  &AMZn8«    Organic  bases  derived  from  ammonia  by  the  snbstitntion  of 
one  or  more  atoms  of  phenyl  for  an  equivalent  quantity  of  hydrogen. 


MontfplienylMnlae  or  AnlUne*  (yw^  —     ]g^  [N.    CryetalUne,  Kyanol,  Ben- 

£idafn,  Phenamide,  AmidophSnase. — Begarded  by  Qriess  as  afnido-beruiene,  OH\NH'), 
by  L.  ChneUn  as  C^'N.H*.  (Undverdorben,  Fogg.  Ann.  viii.  897. — ^Runge,  ibuL 
xxxL  65,  513;  zzzii.  331. — ^Fritzsche,  J.  pr.  Ghem.  xz.  453;  xxvii  158;  xxviii. 
202.— Zinin,  ibid,  xxvii.  149  ;  xxxvi.  98.— Hofmann,  Ann.  Ch.  Pharm.  xlrii.  31 ; 
liii.8;  Ivii.  265;  Ixvi  129;  Ixvii.  61,  129;  Ixx.  129;  Ixxiv.  117;  Ixxv.  356 — Rcporton 
Chemical  Products  and  Processes  in  the  International  Exhibition  of  1862,  p.  123. — 
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Maspratt  asd  Hofmann,  Ann.  Ch.  Pharaa.  liii  221;  Itu.  210. — ^Laurent,  Compt 
rend,  xvii  1866;  Bar.  sdent  zriii  278,  280.— 06 r hard t;  J.  Pharm.  [3]  iz.  401; 
X.  6.— Laurent  and  Oerhardt»  Ann.  Ch.  Phja.  [S]  zdy.  163. — Om.  zL  246.-^ 
Gerh.  iii  79.) 

HutoTff. — ^Aniline  waa  diiooTered  in  1826  br  XTnyerdorben,  who  obtained  it  from 
indigo  and  called  it  crystalline,  on  aooonnt  of  tne  fitcilily  with  wluch  ita  salta  aoeame  the 
crystalline  form :  the  name  aniline  is  deriyed  from  ami,  a  Portosneee  name  of  the  indigo 
plant  Aniline  haabeen  eipedallj  studied  by  Hofmann,  Fritssche,  Zinin,  and 
Gerhardt^  who  haye  obtaued  from  it  a  laige  number  of  compounds  and  deiiyitiyeB. 
For  some  tbne^  howeyer,  it  remained  an  object  of  purely  scientiflc  interest^  and  was  not 
applied  to  any  t^htiii**!  purpose;  but  within  the  last  ten  years  it  has  acquired  great 
industrial  importance,  and  is  now  manufactured  in  enormous  quantities  on  aooonnt  of 
the  splendid  dyes  whldi  it  la  capable  of  yielding. 

FomuxHon. — ^Aniline  is  produced  in  a  great  number  of  reactions:  L  By  heating 
phenol  with  ammonia  in  a  sealed  tube  for  a  ISwtni^  or  three  weeks  (Laurent): 

C^«0     +     NH»      a      GnP^     +     IPO. 

2.  From  nitrobenaene  by  the  reducing  action :  a.  Of  sulphydite  acid  in  pneenoa 
of  alcohol  and  ammonia  (Zinin): 

C^»NO«    +     8HW      -      C*Hnff     +     2H«0     +     8»; 
$.  Of  linfl^  in  preaenee  of  hydroebloiie  add  (Hof man n) : 

C*HTfrO«     +     H»      -      C*H^     +     2H«0; 

7.  Of  fetions  acetate : 

C^«NO«     +     6FeO     +     HK)      -      C^mf     +     8Fe*0*; 

ferrous  sulphate,  oyalaii\  and  dJoride  do  not  exert  any  reduciii|j^  action  on  nitiobensene 
(Biehamp^  Ann.  Ch.  Phys.  [8]  zlii  186).-»8.  Of  a  hot  solution  of  arsenious  add  in 
caustic  soda  (W5hler,  Aim.  Ch.  Phaim.  taL  127): 

2C^«N0«     +     8AaH)«     +     2H«0      -      2C«H»N     +     aA^K)*; 

f  .  Together  with  asobensene  and  oxalic  add,  by  distilling  nitrobensene  with  alcoholic 
potash: 

2C^«N0*  +  0»H«0  +  2KH0     -     C«mN  +  0*H»N   +  C«KH)«  +  2H«0; 

{.  According  to  Let h6by(Chem.  Soa  J.  zyL  161)  nitrobenaene  is  oonyerted  into 
aniline  in  the  stomadi. 

8.  By  the  dry  distillation  of  the  isomeric  compounds  phenyl-carbamic  acid 
(FritzscheX  salicylamide  and  nitrotolnene  (hydndeof  nitzobenaoyl)  (Hof- 
mann and  Huspratt) : 

0^'NO*      -      C^»N  +  C0«. 

4.  By  the  action  of  phosphoric  anhydride,  chloride  of  anc^  or  hydroddoric  add  on 
diphenylearbamide  and  diphenyl-sulphocaibamide  (H  o  f  m  a  n  n,  Proc  Boy.  Soc  iz.  274) : 

0»«H>«ITO      -      CSm     +     CH*NO. 
Dlph6nyI>cu-lNi-  Aniline.  Pbmylie 

mldflk  cyaaate. 

C»«H»*N^      -      C*H*N     ♦     C*H^S. 
DiplMOjI-calpbo*  Aniline.        Phanjlic  lulpho- 

earbamldt.  cyanale. 

6.  By  the  distillation  of  asoxy benzene.    (Zinin,  L  479.) 

6.  By  distilling  indigo  per  se  (Unyerdorben),  or  widi  yery  strong  aqueous 
potash  (Fritzsche);  alro,  by  distilling  isatin  with  potash  (Hofmann): 

C«H»NO     +     4B:H0     +     HK)      -      C»H*N     +     2B?C0«     +     K\ 
Indiga 

C»H*NO«    +     4KH0  -       C"H^     +     2KKX)«     +     H«. 

iMtin. 

7.  Aniline  is  found  among  the  products  of  the  distillation  of  coal  (Bung e);  of 
peat  (Vohl,  J.  Pharm.  [3]  zzzri.  819)  ;  and  of  bones  (Anderson). 

According  to  Phipson,  certain  fungi  of  the  ffenus  Boietus  (B,  cyaneeoene  and  B, 
luridtui),  the  tissue  of  which  acquires  a  transient  Uue  colonr  when  triturated  in  contact 
with  the  air,  contain  aniline. 

PreparaHim,-—\.  From  Nitrobenzene, — Of  the  yarious  modes  of  conyerting  nitro- 
benzene into  aniline,  the  reduction  by  ferrous  acetate  is  the  only  one  that  is  now  used 
as  a  practical  method  of  preparation.    It  is  by  this  method  indeed  that  the  huge  quan- 
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titaes  of  anHine  requiMd  for  the  prodnctioii  of  anfline  ooloms  am  prepared.  The  nitro- 
bensene  ia  mixed  with  acetic  add  in  cast-inm  yeaaela,  and  cast-iron  tnmingB  or  filings 
are  rery  gradnally  added,  care  being  taken  that  the  heat  prodnoed  by  the  reaction  does 
not  rise  too  high.  Eqoal  weights  of  the  three  sabetaaces  are  yery  convenient  pro- 
portions. The  miztnre  is  soon  converted  into  a  solid  or  semi-solid  mass,  consisting 
principally  of  feiroos  acetate  and  acetate  of  aniline.  This  is  distilled,  either  alone  or 
with  luidition  of  lime,  in  laige  cast-iron  cylinders^  the  mass  beinff  gradnally  raised  to  a 
red  heat.    The  distillate  may  vaiy  in  composition,  bat  it  genenJly  consists  of  acetone, 

'  aniline,  unaltered  nitrobenzene,  and  other  products  arising  from  the  impvrities  of  the 

nitrobensene.    If  the  iron  and  acetic  acid  are  used  in  great  exibess,  the  decomposition, 

,  as  observed  by  Schenrer-Kestner,  may  go  too  fhr,  so  as  to  reproduce  benzene,  with 

simultaneous  evolution  of  ammonia : 

^CSnSi  +  Fe«  +   SH«0     -     aC^«  +  8NH»  +  Fe^O*. 

The  crude  aniline  mixture  ia  redistilled,  and  the  aniline  obtained  suffieiently  pure  for 
manu&cturing  purposes,  by  collecting  the  portions  distilling  between  176^  and  190°. 
It  may  be  ftirther  purified  by  distillation  with  potash,  and  snbsequeot  rectification. 

According  to  A.  tCrem  er  (J.  pr.  Chem.  xe.  266),  nitrobenzene  may  be  advuntafleously 
oonverted  into  aniline  by  means  of  sinc-dnst  and  water,  without  the  aid  of  an  aad : 

C^«(NO»)  +  Zn«  +  H«0     =     CHTS  +  SZu^O. 

From  2  to  2}  pis.  of  zinc-dust  ^the  product  oootainiag  from  80  to  96  per  cent,  of  the  metal 
which  passes  over  it  in  the  reauction  of  zinc-ore  at  the  commencement  of  the  distil- 
lation), are  heated  with  6  pts.  water  and  1  pt  nitrobenzene  in  a  retort  with  a  conden- 
fiinff  tube  directed  upwards,  a  gentle  heat  being  applied  at  firsts  and  afterwards  raised 
to  we  boiling  point  When  the  tnnsforraAtion  is  complete  (which  may  be  known  by 
the  perfect  solubility  of  the  product  in  dilute  hydroohlonc  add),  the  anibne  (amounting 
to  63 — 66  per  cent  of  the  nitrobcozene)  is  distilled  off  with  water.  The  reduction  may 
also  be  effected,  thongh  much  more  slowly,  by  iron  reduced  with  hydrogen. 

2.  From  Qnd'tar. — ^^niline  exists  i«ady  formed  in  coal-tar  oil,  but  mostly  in 
small  quantity,  not  exceeding  1  per  cent^  so  that  its  separation  cannot  be  advan- 
tageously performed,  excepting  when  very  large  quantities  (from  1000  to  2000  lbs.)  are 
to  be  operated  on.  The  coal-tar  oil  is  shaken  up  in  carboys  with  strong  hydiocmorio 
add ;  and  the  watery  laver  below  the  oil  is  removed  with  a  syphon,  filtered  throueh  coarse 
paper  and  distilled  wiui  excess  of  slaked  lime  in  a  copper  stflL  The  distiUate  thus 
obtained  is  a  mixture  of  ammonia,  pyridine,  picoline,  aniline^  leucoline  (coal-tar  chino- 
line,  iiL  683)  and  other  bases  nearly  allied  to  the  last,  the  three  first  mentioned  bases, 
or  the  others,  predominating  aocoimng  as  a  more  or  less  volatile  coal-tar  oil  has  beeu 
used.  The  so-<»]led  "dead  oil"  which  sinks  in  water (i.  1088)yields  when  thus  treated 
scarcely  anything  but  aniline  and  leucoline  bases;  and  from  this  mixture  the  aniline 
may  be  s^Mmted  by  the  process  described  under  Ghikoijnb  (i  870). 

8.  From  Indiffo. — Pulverised  indigo  is  introduced  into  very  strong  aqueous  potash 
contained  in  a  retort;  the  resulting  brown  mass  ib  heated  as  long  as  ammoniacal  water 
and  a  brown  oil  pass  over  with  intumescence ;  and  the  oil  is  separated  by  distiUation 
into  a  brown  resinous  reddue,  and  a  colourless  distillate  of  aniline,  amounting  to  20 
per  cent  of  the  indigo.    (Fritssche.) 

Properties. — Aniline  is  a  transparent,  colourless,  mobile,  oily  liquid,  having  a  faint 
vinous,  not  unpleasant  odour,  and  an  aromatic  burning  taste.  It  retains  its  mobility  at 
20°,  but  solidifies  at  the  temperature  of  a  mixture  of  ether  and  solid  carbonic  add.  It 
boils  at  182°  (Hofmann).  Specific  gravity  -  1020  at  16°  (Hofmann),  1-028 
(Fritzsche).  Vapournlendty,  obs.  »  8*210;  calc.  (2  voL)  =  3234.  Index  of 
refraction  «  1*677  (Hofmann).  It  ib  a  non-conductor  of  electridty.  Its  vapour 
bums  with  a  bright  bat  smoky  fiame.  It  exerts  a  deleterious  action  on  the  animal 
organism:  half  a  gramme  mixed  with  1(  gnn.  of  water  and  sprinkled  into  the  mouth 
x)f  a  rabbit,  produced  strong  cramps,  then  laborious  breathing,  loss  of  strength,  dilated 
pupils,  and  infiammation  of  the  mucous  membrane  of  the  mouth ;  when  dropt  into  the 
eye,  it  does  not  dilate  the  pupil  (Hofmann^  According;  to  Schuchardt  ^Jahresb. 
1861,  p.  496),  frogs  immersed  in  water  containing  1  pt.  in  8000  of  aniline,  die  in  two 
or  three  hours.  Bight  drops  killed  a  frog  in  a  quarter  of  an  hour,  and  thr«te  drops 
applied  to  a  wound  m  the  back,  caused  death  in  two  hours.  A  dose  of  60  to  100  drops 
killed  rabbits  in  four  to  six  hours.  According  to  Wohler  and  Frerichs  (Ann.  CAu 
Phann.  Ixv.  343),  aniline  does  not  exert  any  poisonous  action  upon  dogs.  The  aqueoas 
solution  kills  leechefl^  and  parts  of  plants  immersed  in  it    (Bunge.) 

Aniline  dissolves  in  all  proportions  in  eth^,  alcohol,  wooa-mrii^  acetone,  sulphide  of 
carbon  and  <w2»,  both  fixed  and  volatile.  It  is  slightly  soluble  in  water,  and  likewise 
takes  up  a  small  quantity  of  that  liquid.    The  aqueous  solution  has  an  extremely  #eak 
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alkaline  reaction,  afiecting  only  the  most  delicate  test-papen ;  it  does  not  blue  reddened 
litmna  or  redden  tnrmerie,  but  it  changes  the  yiolet  colour  of  dahlias  to  green.  Aniline 
dissolyes  stdpkur  abundantly ;  a]Bopho9phoru»t  camphor  and  oolapkony,  but  not  arsenic, 
copal  or  caontchonc.  It  prodaoee  a  bright  Yiolet-blne  ooloor  with  chloride  of  lime  and 
other  hypoehbritee^  blue  with  ndphuric  add  and  add  chromaie  of  potaedum,  and  reds 
of  Tarioos  depth  and  brightness  when  heated  with  tetrachloride  of  oarbon,  stannie 
chloride,  arsenic  add,  fimina  nitric  add,  mercuric  nitrate,  and  some  other  salts. 
It  imparts  a  deep  yellow  colonr  to  pine-wood  and  dder  piih,  a  ehaiacter  howerer 
likewise  exhibited,  thongh  in  a  less  degree,  by  other  bases,  namely  oonine,  cinnamine, 
leuooline  and  naphthylamine. 

The  aqneous  solution  of  aniline  precipitates  the  bases  from  fenons,  fenie,  sinc^  and 
almninium  salts.  With  platinic  and  palladions  chlorides  it  forms  yellow  doable  salts ; 
with  chloride  of  sold  a  red-brown  double  salt;  with  mercuric^  antimonic  and  stannic 
chlorides,  white  double  salts.  It  forms  with  infusion  of  galls  a  brownish-yellow  floo- 
culent  precipitate,  sbluble  in  alcohol  and  in  hot  water,  and  coagulates  albumin. 

Jkoompodtions. — 1.  When  aniline-?apour  is  passed  through  a  red-hot  glass  tube, 
charcoal  is  deposited,  ammonia  and  hydrocjranic  acid  are  giyen  ofi^  and  a  brown  liquid 
condenses  in  the  receiyer,  whidi,  after  the  undecomposed  aniline  has  been  saturated 
with  an  acid,  yields  by  distillation,  benzene  boiling  at  80^,  and  benzonitnle  (cyanide 
of  phenyl)  boiling  at  190° — 195°.  The  formation  of  the  latter  is'  probably  due  to  the 
action  of  the  hy£ocyanic  acid  on  another  portion  of  the  aniline,  C*H^  -i-  CNH  » 
C'H^N  +  NH*.  A  small  q[uantity  of  an  indifferent  crystalline  substance,  and  an  oily 
base  of  high  boiling  point  are  likewise  found  among  the  products  of  the  decomposition. 
(Hofmann,  Proc.  Boy.  Soc  zii.  388.) 

2.  When  exposed  to  the  otr,  it  turns  yellow,  red  and  brown,  and  fbrms  a  resin 
which  dissolves  with  yellow  colour  in  water,  the  change  taking  place  more  quickly  as 
the  temperature  is  higher:  hence  in  distilling  aniline  it  is  necessary  either  to  use 
a  brisk  Are,  or  tp  pass  a  stream  of  hydrogen  or  carbonic  anhydride  through  the 
apparatus. 

3.  Aniline  treated  with  dilute  sulphuric  add  and  peroxide  of  manganese,  yields  a 
smallquantity  of  quinone  together  with  ammonia:  * 

(ysm  +  0«    -    C«HH)«  +  NH*. 

The  greater  part  of  the  aniline  appears  howeyer  to  undergo  a  farther  decomposition 
(Hofmann,  P^xmx  Boy.  Soc  xiii  4).  The  formation  of  ammonia  in  this  reaction  was 
also  observed  by  Matthiessen  (tDtW.  ix.  637). 

4.  Aniline  takes  fire  in  contact  with  chromic  anhydride  (CrO*),  and  bums  with  a 
bright  flame  and  agreeable  odour,  leaving  a  residue  of  green  cmromic  sesquioxide,  Cz'O'* 
(Hofmann.) 

6.  An  aqueous  solution  of  chromio  add  forms  with  aniline  or  its  salts,  a  green,  blu^ 
or  black  precipitate,  according  to  the  concentration  of  the  solution  (Fritzsche). 
Aniline  or  an  aniline-salt  moistened  on  a  porcelain  dish  with  a  few  drops  of  sulphuric 
add  and  solution  otpotassic  chromate^  produces  a  bright  but  transient  blue  coloration 
(Beissenhirtz,  Ann.  Ch.  Pharm.  IxxxviL  376).  On  this  reaction  is  founded  the 
preparation  of  mauve,  or  aniline-purple  discovered  by  Perkin  (see  Appendix 
to  this  article). 

6.  With  solutions  of  alhaline  hypochlorites,  chloride  of  lime,  for  example,  aniline 
exhibits  a  deep  violet-purple  coloration  gradually  passing  into  dingy  red  (Bungei 
This  reaction  affords  a  very  delicate  test  for  aniline ;  it  is  likewise  exhibited,  thougn 
still  more  transiently,  by  aniline-salts.  The  purple  colour  is  not  altered  by  alkalis; 
acids  change  it^to  red. 

7.  A  solution  of  aniline  in  dilute  sulphuric  acid  is  easily  decomposed  by  the  electric 
current ;  and  if  a  drop  of  the  solution  be  laid  on  apiece  of  platinum  foil  connected  with 
the  positive  pole  of  a  small  Gtoto's  batteiy  (one  pair  is  sufficient),  and  the  negative 
terminal  also  dipped  into  it,  the  liquid  immeaiately  assumes  a  fine  blue  colour  (hang- 
ing to  yiolet  and  red,  the  colours  being  very  bright  in  strong  solutions,  and  afibrding  a 
very  delicate  test  for  aniline.  The  colouring  matter  is  ultimately  deposited  on  the 
platinum  foil  as  a  blackish-brown  powder,  insoluble  in  water,  alcohol,  ether,  and  am- 
monia, but  soluble,  with  blue,  green  or  violet  colour,  in  strong  sulphuric  acid,  whence 
it  is  precipitated  by  water  as  a  dingy  green  powder ;  it  is  partially  decolorised  by  re- 
ducing agents.    (H.  Letheby,  Chem.  Soc  J.  xvi.  161.) 

8.  Aniline  treated  with  a  mixture  of  potassic  chlorate  and  hydrochloric  add  forms  a 
red  resinous  substance  containing  trichlorophenic  acid  and  perchloroquinone, 
f^m  which  the  former  may  be  dissolved  out  by  boiling  alcohol. 

9.  Aniline  is  decomposed  by  nitric  add^  and  when  evaporated  at  100°,  leaves  a  brown- 
black  residue  (Bun  ge).    It  is  immediately  reddened  by  strong  nitric  acid  (Zinin). 
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It  aoqainB  a  tnnneBt  line  and  green  eolonr  hj  treabn«nt  with  atrong  nitric  acid 
(Fritzache).  With  a  small  qnandtj  of  fanning  nitrie  acid,  it  immadjatelj  ibnns  a 
deep  azore-blne  mixtnie,  which  when  Teiy  slighUy  wanned,  tnrna  yellow,  beoomaa  hot, 
gives  off  gas  with  Tiolenoe,  then  assumes  a  scarlet  oolow  conturaally  increasing  in 
brightness,  and  deposits  picric  acid  (Hofmann).  Aniline,  dissolTed  in  moderately 
strong  nitrie  acid,  likewise  passes  into  spontaneous  ebnlUtion  on  the. ^plication  of  a 
gentle  heat,  ^ves  off  nitrons  Taponrs,  and  when  that  action  ceases^  is  found  to  be  con* 
Terted  into  picric  add  (Hofmann  and  Mnspratt): 

C^'N     +     6NH0«      -      C«H«(NO»)H)     +     4NH0«     +     8H»0. 

Nitric  add  heated  with  excess  of  aniline,  or  nitrate  of  aniline  heated  with  aniline  to 
150O — 160°  for  seyeral  houn^  forms  a  beautifiil  riolet-red  substance,  which  is  one  of  the 
varieties  of  aniline-red.  A  similar  colouring  matter  is  obtained  by  heating  aniline  with 
mercuric  or  mtrcurouB  nitrate^  with  nitrate  of  kadf  nitrate  oj  silver,  arsenic  acid, 
stannic  cMhride,  antimonio  nitrate,  and  a  variety  of  other  salts.  All  these  red  colours 
have  been  shown  by  Hofmann  to  consist  of  various  salts  of  rosaniline^  C"H*'N'  (see 
Appendix  to  this  artide). 

10.  Nitrous  acid  acts  upon  aniline  in  various  we^s  according  to  the  manner  in  whieh 
the  two  bodies  are  brought  together :  a.  Whenhydzocblorate  of  aniline  is  treated  with 
nitrite  of  silver  or  nitrite  of  potassium,  nitrogen  is  evolved  and  phenol  is  formed, 
together  with  a  metallic  chloride  and  water  (T.  8.  Hunt»  SilL  Am.  J.  [2]  viii.  372. — 
Hofmann,  Chem.  Soc  J.  iii.  232): 

C^'N.Ha     +     AgNO»      «      C«H«0     +     AgQ     +     HK)     +     N«. 

According  to  Hunt,  phenol  is  likewise  obtained  when  nitric  oxide  is  passed  into  a 
dilute  aqueous  solution  of  nitrate  of  aniline : 

CH^     +     HNO«       -       C^«0     +     H«0     +     N«; 

but  according  to  Hof  ma  nn,  the  whole  or  the  ereater  i»rt  of  the  phenol  thus  produced 
is  converted  into  mononitrophenol  by  the  nee  nitric  add  present 

According  to  Matthiessen,  however(Proc.  Boy.  Soc. ix.  118),  the  action  takes  place 
by  two  stages,  the  aniline  in  the  first  instance  reacting  merely  with  water,  to  produce 
ammonia  and  phenol : 

C^'N     +     H»0       ->      H*N     +     C«HH), 

while  in  the  second 

form  water  and  free 

converted  by  the  free  nitric  add  into  nitrophenoL  ^ 

In  like  manner  a  solution  of  nitrate  of  amylaniline  is  converted  by  nitrous  acid  into 
amylamineand  phenol,  the  action  in  this,  as  in  the  former  case,  consisting  in  a  replace- 
ment of  phenyl  by  hydrpgen : 

C»H»)  jr.  C»H")  p™. 

C-H^Jn     *     i|0       .  h{n     *     ^JO; 

AmylanOlne.  AnjUmliM.  Fbtool. 

and  the  amylamine  being  subsequently  converted  hy  the  same  mode  of  action  into 
ammonia  and  amylio  aloohoL  Similar  reactions  take  place  under  the  influence  of 
nitric  acid,  of  peroxide  of  manganese  audi  sulphuric  acid,  ofpotassic  permanganate,  and 
ci  caustic  potash.    (Matthiessen.) 

fi.  Nitrous  acid  passed  into  an  alcoholic  solution  of  aniline  converts  it  into  azo- 
diphenyldiamine,  C'^H^'N',  a  base  formed  from  a  double  molecule  of  aniline, 
C'*H>^*  by  the  substitution  of  1  at  nitrogen  for  3  at.  hydrogen : 

20H'N     +     HN0«       =       C»«H»N"     +     2H*0, 

Similar  reactions  take  place  with  the  bromo-,  chloro-  and  nitro-phenylamines^  and  with 
all  the  homologues  of  aniUne,  the  general  equation  for  the  reaction  bdng : 

20H»--*N     +     HNO«      «       C«»H^»«N"     +     2H«0 

(Griess^  Ann.  Ch.  Pharm.  cxiiL  334;  suppL  i.  100).  When  nitrous  add  is  nassed 
into  a  mixture  of  uiiline  with  about  four  times  its  volume  of  alcohol,  the  azodiphenvl- 
diamine  first  produced  is  ultimately  converted  into  asophenylamine  (or  diamido- 
benaeneX  C«fl*N«  «  (C«H^N'")N: 

C»*H»'N».  +     NHO«      «      2C«HW     +     2H*0. 

11.  Chlorine  gas  passed  throu^  dir  aniline,  converts  it,  with  great  rise  of  tempera- 
ture and  evolution  of  hydrochloric  add,  into  a  black  visdd  tar,  which  stops  up  the  gas- 
delivery  tube.    I^  in  order  to  prevent  this  acddent,  the  chlorine  be  passed  through 


stage,  the  ammonia  and  nitrous  acid  act  on  one  another  so  as  to 
e  mtrogen:  H«N   +  HNO*     -     2H*0  +  N",  and  the  phenol  is 
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aniline  mixed  with  water,  or  difleolred  in  hydioohlorie  acid  or  in  aleohol,  the  liquid, 
which  aaenmes  flzst  a  blae^  then  a  black  colonr,  deposits  a  black  tar,  which  on  cooling 
solidifies  into  a  brittle  resin ;  and  this  resin  distilled  with  a  small  quantity  of  water, 
yields  trichloraniline,  afterwards  liquefies^  leaves  a  residue  of  charcoal,  and  givies 
off  hydrochloric  add  and  trichlorophenic  acid  in  the  form  of  a  yeUow  ofibnaiTO 
oil  which  gystallisas  on  cooling  (Hofmann) : 

c^»N  +  ci«    -  crana-N  +  zncn; 

TriehloraniUne. 

and:  

0«H^  +  OT  +  H«0    w    C«HH31«0  ♦  2Ha  +  NHM3L 

TrictaloroplMiilo 
•ckL 

Trichloraniline  wpears  also  to  be  formed  when  aniline  is  distilled  with  hydrochlorie 
add  and  peroxide  of  manganese.    (Hofmann.) 

12.  BronwM  forms  with  anhydrous  aniline,  with  great  erolntion  of  heat,  a  brown 
solntion,  which,  if  the  quantity  of  bromine  is  snjBldent»  solidifies  to  a  mixture  of  finely 
ervstalline  tribromaniline  and  hydrobromic  add  (Fritssche). — BromSne-^oaUr 
added  to  anfline  dissolved  in  hydrochloric  add,  fbrms  a  considerable  quantity  of  hydro- 
bromic add,  and  a  predpitate  of  tribromaniline  which  quickly  becomes  eiystal- 
line;  the  same  substance  is  depodted,  after  boiling  aniline  witn  excess  of  hydrobromic 
add,  in  the  form  of  a  daik  eoloored  oil  which  crystallises  on  eoolins  (Hofmann). — 
18.  The  darklnown  solution  of  iodine  in  aniline^  theformation  of  which  is  attended  with 
great  rise  of  temjperatore,  soon  depodts  long  needles  of  hydriodate  of  aniline 
fFritzBche,  Hofmann),  while  the  mother-Uquor  retails,  together  with  a  portion  of 
this  salt  and  free  iodine,  an  ioduretted  brown  amorphous  fesin,  together  with  ny  drio- 
date  of  iodaniline: 

C^H^  +  P    =     C^«IN.HI. 

14.  Ojfanogen  acts  differently  from  chlorine,  bromine  and  iodine,  not  removing  a 
portion  of  the  hydrogen  and  taking  itsplaoe,  but  uniting  directly  with  the  aniline,  and 
forming  the  compound  CH^Oy  ■«  0*6*11^  called  cyananiline,  which  is  also  basis 
and  forms  salts  with  adds. 

16.  The  bromidet  and  iodides  of  the  alcohol-radielce  heated  with  aniline  give  rise  to 
substitution-products  in  which  one  or  two  of  the  typtc^J^drogen-atoms  of  the  aniline  are 
replaced  by  alcohol-radicles,  e.  g.  ethylaniline  (G*H*XC^H*)HN,  diamylaniline 
(C^»XC»H")*N,  methyl-ethyl-aniline  (C«H»XCH»X(?H»)N.  These  compounds 
are  bases  like  aniline  itself:  those  in  which  the  whole  or  the  hydrogen  is  replaced  by 
alcohol-radides  unite  with  the  alcoholic  iodides,  forming  iodides  of  bases  befongiDg  to 
the  ammonium-type;  thus  diethylaniline  witli  iodide  of  ethyl  forms  the  iocude  of 
triethyl-phenylammonium  (C*H*XC^*)^.    (Hofmann.) 

16.  Anilme  heated  with  bromide  of  ethylene  yields,  beddes  hydrobromate  of  aniline, 
the  hydrobromates  of  three  bases,  having  the  same  peroentage  oompositioo  CH'N.HBr, 
and  Be|>arable  by  their  different  dmees  of  solubility  in  alcohol,  the  first  being 
soluble  in  cold  alcohol ;  the  second,  which  forms  the  chief  part  of  the  product^  being 
insoluble  in  cold,  but  soluble  in  boiling  alcohol ;  the  third,  insoluble  in  alcohol  even 
at  the  boiling  heat.    Their  formation  is  represented  by  the  equation : 

2C^*N  +  Cm«Br*    -    <Wi'N.HBr  +  C*Hn^.HBr. 

The  second  of  these  bases  is  shown,  by  its  reactions  with  bromide  of  ethylene^  iodide  of 

methyl,fte.,toconsUitofdiethylene-diphenyl-diamine,C>^>'N*  -  /G"H*)*[^' 

the  first  ispEobaUy  ethylene-phenylamineC^'N,  and  the  third,  triethylene- 
triphenyl-triamine  0**H*'N*.  Bromide  of  ethylene,  heated  with  a  huge  excess  of 
aniline,  forms  ethylene-diphenyl-diamine,  according  to  the  equation  4C^'N  -i- 

(Cm*)") 
C«H*Br«    -    (Cra»)«lN«  +  2(C^'N.HBr).    (Hofmann,  Ppoc  Roy.  Soc  ix.  277; 

X.  104).  The  formation  of  a  base  having  the  compodtion  OH*N,  by  the  action  of 
chlorine  on  chloride  of  ethylene^  had  previously  been  observed  by  Natanson  (Ann, 
Ch.  Fharm.  xcviiL  202). 

17.  Aldehyde  (oxide  of  ethylidene,  CH^O)  acts  upon  aniline  in  a  dmilar  manner, 
producing  two  compounds  isomeric  with  the  ethylene-basesjost  mentioned,  but  differing 
from  them  in  propertiesi  and  related  to  them  in  the  same  manner  as  aldehvde  to  oxide 
of  ethylene,  that  is  to  say,  containing  ethylidene  instead  of  ethylene.  With  vaUralde- 
hyde,  omanthol,  benzoic  aldehyde  (bitter  almond  oil)  and  other  aldehydes,  analogous 
reactions  are  produced,  resulting,  however,  in  each  case,  in  the  formation  of  only  one 
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eomponmd  analogoiis  to  the  preecMlbg;  luaulj  a  oompcmiid  coataining  2  tl  of  tlM 
ftldebyde-ndicLe,  the  general  equation  of  the  reaction  being : 

2[<^JK]     .     OH-0      -      jgf^/JR.    .    fflW. 

With  acetones  or  kettmeB  no  each  reaction  takea  place  (H.  Sehif  (  Ann.  Ch. Fharra. 
SnppL  iii  842).    See  PBB!nn>DiA]aiinB. 

18.  Aniline  heated  with  an  equal  Tolnme  of  ekloroform  to  180^—190^  in  a  aealed 

tube,  jields hydroehlozate  of  formyl-diphenyl -diamine  (CH*)'>H* together  with 

H     ) 
hydioehlorate  of  aniline  (Hoftaiann,  loe.  cit,) : 

40^^^  +  CHOP    -    C?«H»«H».Ha  ♦  2(C«H«N.HG1). 

19.  Teiraekioride  of  earb*m  heated  with  three  timea  its  rolume  of  aniline  for  about 
thirty  hoars  to  170° — 180°  yielda  a  blackish  mass  partly  solnUe  in  water.  ¥r<mi  the 
aqueous  solution,  potash  sepuates  an  oily  precipitate  which  when  distilled  with  potash 

E'ves  off  a  considerable  quantity  of  unaltered  aniline,  whilst  a  jiscid  oil  remains 
(hind  and  gradually  soUoifies  to  a  erystalline  mass,  which  when  washed  with  cold 
alcohol  and  crystallised  two  or  three  times  from  boiling  alcohol,  yields  a  perfectly  white 
crystalline  body  consisting  of  earbotriphen^ltriamine  CH'N',  whilst  the 
alcohol  retains  in  solution  a  substance  of  a  magniilcent  crimson  colour.  The  forma- 
tion of  cazbotripheny ItBamine  is  represented  by  the  equation : 

C^    ) 
8C«H^  *  CO*     ^    (CflB[»)»VN»  +  8(C«H^.HC1)     +     Ha 

The  portion  of  the  black  masa  which  is  insoluble  in  water,  dissolTes  almost  entirriy 
in  dilute  hydrochloric  add,  ftom  which  it  is  |«ecipitated  hf  alkalis  as  an  amorphous, 
pink  or  dingy  precipitate  soluble  in  alcohol  with  a  ridi  cnmson  colour.  The  greater 
portion  of  this  body  consists  of  the  same  colouring  prindple  which  acoompaniea  the 
white  OTstalline  substance.    (Hofmann,  Pkoe.  Bot.  Soc.  iz.  284.) 

20.  With  chloride  of  earhonyl  (phosgene  gas)  aniline  yields  a  mixture  of  hydroehlo-. 
rate  of  aniline  and  diphenylcarbamide,  perhaps  thus: 

SC^BTO  +  COa*    B    (CO)-(C«H»)«HW»  +  C^Tf-Ha  +  Ha 

21.  Bry  gaseous  eUoru20<»f  «yaiio^  eouTerts  anhydrous  aniline  into  melaniline; 
with  an  aqueous  solution  of  tiie  gas,  aniline  forms  phenylcarbamide  (Hofmann): 

2C5»H'N  +  (3Na     -    C^'ff'N^.Ha 
AnUlae.  HTdrochlonite 

ormeianiUne. 

2CWN  +  CNa  +  HK)    -    (COy'(Cra*)*HW»  +  <>H»N.Ha 

AnlUne.  rbanyl'arb-  Hydrocblorate 

anlds.  oCsniUne. 

Biy  chloride  of  cyanogen  passed  through  an  ethereal  solution  of  aniBne  cooled  with 
ice,  forms  mnilide  CfiHTyN,  and  hydrochlorate  of  aniline  (Cahours  and  Cloesi 
Compt.  reno.  zzzriii  364): 

2C^'N  +  Cya    -    C^^CyN  +  OH*K.Ha 

22.  Bromide  ofeycmogen  acts  upon  aniline  like  volatile  diloride  of  cyanogen,  form- 
ing hydrobromate  of  melaniline,  and  [in  presence  of  water?!  a  small 
quantity  of  phenol-carbamide  (Hofmann^. — 2Z.  Iodide  of  (wanoffen  forms  with 
aniline:  ioa aniline,  a  brown  product  contaming  iodine,  and  hydrocyanic  add 
(Hofmann). — 24.  When  perstilphocyanie  aeid  (p.  874)  is  heated  with  anhydrous 
aniline^  the  mixture  mdts,  and  solidifies  on  cooling  into  a  mass  which  dissolyes  in  ooUing 
alcohol  and  ether,  and  when  boiled  witii  water  containing  a  littie  potash,  leayes  a  reddue 
of  sulphur,  and  yields  a  filtrate  from  which  hydrochloric  add  predoitates,  together 
with  sulphur,  crystalline  scales  which  dissolve  in  boiling  alcohol  aind  etner.  (Lauren  t 
and  Gerhard t,  Ann.  Ch.  Phys.  [3]  xxiy.  198.) 

26.  With  oxyehloride  ofpkomkoruef  anhydrous  aniline  forms  triphenyl-phos- 
ph amide  and  hydroeUorate  Of  aniline : 

6(C«H».H».N)  +  POCl"     =     8(C«H^.Ha)  +  (C«H»)«VN«. 

With  eulpkoeUoride  of  phosphorus,  a  whita  mass  is  formed  containing  hydrodilorate 
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of  aniline  and  probably   triphenyl-snlphophosphamide,    (FS)"'(0^')Wfl'. 
(Schiff,  Ann.  CL  Fhann.  d.  299.) 

26.  Chloride  of  beneovl  converts  aniline  into  a  mixture  of  hydrochlorate  of  aniline 
and  phenyl-benzamide,  (C^K)XC'H*)HN.  In  like  maimer  with  the  chloiidea 
of  oumyl,  dnnamyl,  and  aniaj/l,  aniline  yields  phenyl-cumylamide^  phenyl-dnnamide^ 
and  phen^l*anisamide. 

27.  With  stdphophenylio  chloride^  CH'SO^Gl,  it  forms  phenyl-sulphopbenyla- 

mine,  CH^SO'VfT,  or  thiophenylamie  acid,    (SO/  >q  (ChioEza  and  Biffi, 
Gerhardes  TraiU,  iii.  981): 

(>b:t^,c«h»soh)i    »     c»«H»»Nso«   •¥   Hca. 

28.  Strong  mdphtirie  acid  oonTerts  aniline  into  phen^l-snlphamie  acid, 
CH^NSO',  which  when  heated  with  excess  of  fdming  s^phnne  acid,  yields  phenyl- 
disulphamic  acid,  C^^NSK)*  (Buckton  and  Hofmann,  Chem.  Soc  J.  ix.  260^. 
26.  With  phoiphorio  aniydride  it  appears  to  form  phenyl-phosphamic  acid, 

C^-NPO*  »  (PO)'*>'Q  (Asm.  Ch.  Pharm.  dii  168).     27.  Heated  with  Tarioua 

H     ' 
organioacidsy  it  also  forms  the  corresponding  phenylamic  acids  (p.  419). 

29.  With  eyanio  acid,  aniline  fprms  phenyl-carbamide,  (GO)''(C*H*)H'N',  or 
diphenyl-carbamide  (CO)''(C*H*)'H*N',  according  to  the  circumstances  of  the 
reaction  (L  766). 

30.  With  svlpMde  of  carbon  it  forms  phenyl-snlphocarbamide,  (CS)''(C*H*)* 
H^'  (Hofmann,  i.  766^.  The  same  compound  is  produced  by  distilling  a  mixture 
of  aniUne,  sulphuric  acid,  and  sulphocyanate  of  potassium.  According  to  Cross  ley 
(GhenL  News,  iv.  196),  a  mixture  of  aniline  and  sulphide  of  carbon  is  oonTeited  in  a 
few  days,  with  evolution  of  sulphuretted  l^drogen,  into  a  cream-coloured  fatty  substance, 
which  on  addition  of  Aiming  nitric  acid  yields  a  dirty  brown  and  a  crimson  compound. 

31.  A  solution  of  aniline  and  qyinone  in  a  laige  quantity  of  boiling  alcohol  deposits 
crystals  of  diphenyl-quinoyl-diamide,  while  hydroqninone  remains  in 
solution : 

(C«H»)« 
aC^'N     ♦     SC^^O*      =      (C«H«0«r5.N«     +     2C«H«0«. 


(C«H«0«f}.] 
H?      J 


Aniline.  Qninone.  IMphenjl-qainoyl*        Hydroqoinooe. 

diamide. 

32.  With  j)frcA^on>^nofi«(chloranil),  aniline  forms  di  phenyl-dichloroquinoyl- 
diamide  and  hydn^chlorate  of  aniline : 

(C«H»)«   ) 
4C«H»N     +     C«C1*0»      »      (CK31«0*)'7N»     +     aCC^ITJECl). 

H»      ) 

(Hofmann,  Proc.  B(»y.  Soc.  xiil  4).    This  latter  reaction  was  first  studied  by  Hesse 
(Ann.  Oh.  Pharm.  cxiv.  292),  who  regarded  the  amide  produced  in  it  as  dichloro- 

quinoyl-pentaphenylpentamide,(C«H»)*(O»(S*0*)«H«N». 

Salts  of  Aniline.  These  salts  may  be  regarded  either  as  compounds  of  aniline 
with  acids,  or  of  phenyl-ammonium,  C*H*N,  with  acid  radicies:  e,g.  CH'N.HCl  » 
C'H^CL  They  are  all  soluble  in  water  and  alcohol,  and  most  of  them  ciystallise 
witii  great  fiicility:  hence  the  name  erystallinef  origin^y  applied  to  aniline.  Aniline 
salts  are  mostly  colourless,  but  turn  red  when  exposed  to  the  air,  especially  if  they  aro 
moist,  acquiring  at  the  same  time  a  £unt  odour.  With  hypochlorite  of  calcium  and 
chromic  acid  they  exhibit  the  colour-reactions  already  described  (p.  422),  and  when 
mixed  with  an  add,  colour  firwood  and  elder-pith  deep  yeUow. 

Acetate  of  Aniline  is  uncrystallisable. 

The  bromhydrate  or  hydrobromate,  CTTN-HBr,  forms  well-defined  crystals 
usually  having  a  violet  tinge,  and  somewhat  less  soluble  than  the  hydrochlorate.  It 
may  be  sublimed  without  aecomposition. 

The  butyrateiaaji  oily  salt,  sparingly  soluble  in  water. 

Carbonate  of  Aniline  does  not  appear  to  exist. 

Chlorhydrate  or  Hydrochlorate  of  Aniline,  (XSrN.HCl  or  C«H"NC1,  forms 
needles  veiy  soluble  in  water  and  alcohol,  and  capable  of  subliming  without  decompo- 
sition. It  forms  with  trichloride  of  gold  a  yellow  precipitate  which  quickly  turns  brown ; 
with  platinic  chloride  in  cold  concentrated  solutions,  an  orange-yellow  crystalline  pulp ; 
and  in  dilute  or  warm  solutions,  beautiful  yellow  needles  of  the  chloroplatinate, 
2C«H»NCl.Pt''a*. 


MONOPHENYLAMINE  OR  ANILINE.  427 

Citrate  of  Aniline,  0*H^.O*H*0*  or     0*H*N    Vo*.— An  alcoholic  0olntion  of 

H«      ) 

1  at  dtric  aad  mixed  with  1  at.  aniUna  oontaining  a  email  quantity  of  water,  dries  np^ 
in  yacao  over  oil  of  vitriol,  to  a  Tiacid  bzown-red  maaa,  in  which  ayotala  begin  to  ap- 
pear alter  a  while,  ultimately  filling  the  entire  mass.  This  cryiitalline  product  is 
tritnnvted  with  a  small  qnantity  of  akohol,  the  liquid  squeezed  out  through  linen,  the 
residue  dissolved  in  strong  aloMiol,  and  the  solution  left  over  oil  of  vitriol  till  it  ^crystal- 
Uses.  It  ibrms  slender  needles  united  in  rounded  groups,  melting  at  a  temperature  a 
little  below  100**,  veiy  soluble  in  alcohol,  and  still  more  in  water.  Heated  to  a  tem- 
perature between  140^  and  160°,  itgiyes  off  water  and  yields  citranilic  acid  (i.  100). 

The  dibasic  and  tribarie  citrates  of  aniline  do  not  appear  to  crystallise.  (Pebal, 
Ann.  Ch.  Pharm.  Ixxzii  91.) 

Fluosiliea  te  of  Aniline  appears  to  be  produced  by.  the  direct  combination  of  ani- 
line with  fluoride  of  silicon,  93  pts.  of  aniline  absorbing  63*8  pts.  of  the  oas,  and  forming 
a  slightly  yellow  mass  which  may  be  sublimed,  dissolyes  spanxiffly  in  boUing  alcohol,  and 
is  deposited  therefrom  in  sm^  shining  lamin».  Water  decomposes  it,  separating 
gelatinous  silica.  When  moistened  with  ammonui,  heated,  and  calcined,  it  leaves  but 
a  very  slight  residue  of  silica.  Laurent  andDelbos  (Ann.  Ch.  Phys.  [3^  xxii.  101), 
who  prepared  this  compound,  regarded  it  as  phenyl-fluosilicamide  or  fluosihcanilide. 

lodhydrate  or  Hydriodate  of  Aniline,  C'H'KI,  forms  needles  very  soluble  in 
water  and  alcohol,  less  soluble  in  ether. 

Melliiate  of  Aniline,  Aqueous  aniline  forms  with  aqueous  mellitie  acid  a  turbid 
liquid  which  gradually  deposits  scales  resembling  benzoic  acid.  These  crystals  dissolve 
easUy  in  water,  also  in  hot  alcohol,  but  the  salt  no  longer  crystallises  therefrom.  It 
tarns  yellow  at  105°  and  gives  off  aniline.    It  appears  to  be  an  acid  salt^  C*H(G*H'K)0^ 

Nitrate  of  Aniline,  OH^N.KHO*,  separates  after  some  time  from  a  mixture  of 
aniline  and  dUnte  nitric  add,  in  concentric  needles,  which  may  be  purified  by  pressure 
between  folds  of  bibulous  paper.  The  mother-liquor  is  red,  and  an  efQorescence  having 
a  fine  blue  colour  forms  on  the  sides  of  the  basin.  The  crystals  do  not  suffer  any  loss 
of  weight  at  160°;  at  a  somewhat  higher  temperature,  the  salt  sublimes  unaltered,  but 
at  190^  water  is  given  off,  together  with  a  tarry  liquid  from  which  nitraniline  may  be 
extracted  by  hydrochloric  add  (Bichamp,  Gompt  rend.  Ui  660) : 

C«HW.NHO«      -      H«0     +     C«H«(NO«)N. 

The  salt  heated  with  aniline  is  converted  into  nitrate  of  rosaniline  (see  Appnmiz  to 
PHENTLAxmss.  With  aqueous  chloride  of  iodine  containing  a  slight  excess  of  iodine, 
it  yields  a  bluish-green  predpitate^  quickly  turning  black,  and  containing  (a)  a  sub- 
stance soluble  in  sulphide  of  carbon,  and  crystallising  therefrom  in  nearly  colourless 
needles  oontaining  15'7  per  cent,  carbon,  1*07  hydrogen,  66*23  iodine,  3*22  nitrogen, 
and  13*82  oxygen;  (6)  a  purplish  substance  crystallising  in  lamine,  insoluble  in  sul- 
phide of  carbon ;  and  {c)  a  dark-coloured  amorphous  l^y.  The  same  products  are 
obtained  by  the  action  of  chloride  of  iodine  on  the  oxalate,  and  probably  also  on  other 
salts  of  aniline.    (Stenhouse^  Chem.  Soa  J.  xvii  328.) 

Oxalate  of  Aniline,  2(>HT^.C*HK)*  «  CXC^»N)«0*.— A  boiling  alcoholic  solu- 
tion of  oxalic  add  saturated  with  aniline,  yields  a  magma  of  crystals  which  may  be 
purified  by  washing  with  alcohol,  and  pressure  between  paper.  From  a  hot  saturated 
aqueous  solution,  the  salt  crystallises  in  stellate  groups  of  oblique  rhomboi'dal  prisms. 
It  is  anhydrous,  moderately  soluble  in  hot  water,  sparingly  soluble  in  alcohol,  insoluble 
in  ether.  The  aqueous  solution  becomes  add  spontaneouslv  and  deposits  a  brown 
powder  on  exposure  to  the  air.  When  heated  rather  strongly,  it  gives  on  aniline,  water, 
carbonic  oxide  and  carbonic  anhydride,  and  leaves  a  residue  oontaining  diphenyloxamide 
and  phenyl-formamide  (p.  285). 

According  to  Piria  (Cimento,  ii.  305)  perfectly  pure  oxalate  of  aniline  may  bo  heated 
in  the  oil-bath  between  160°  and  180^  without  fusion  and  without  production  of 
phenyl-formamide,  the  residue,  which  is  perfectly  white  and  crystalline,  consisting 
wholly  of  diphenvloxamide;  but  oxalate  of  aniline  in  a  less  pure  state  yields  phenyl- 
formamide  as  well  as  diphenyloxamide.  

Phenyloxamate  or  Oxanilate  o/-4 nil* n« (add),  C»H«(C«H^)NO«.C«H'NO».— 
This  salt  is  obtained  by  frequent  recrystallisation  of  the  brown  crystals  which  are  de- 
posited from  the  solution  of  the  crude  product  of  the  action  of  oxalic  acid  upon  aniline 
in  boiling  water.  It  retains  a  brown  tinge  even  after  repeated  crystallisation,  and 
forms  confused,  often  interlaced  needles,  destitute  of  lustre,  sparingly  soluble  Ln  cold 
water,  easily  in  boiling  water.  When  heated  it  gives  off  aniline  and  the  products  of 
decompodtion  of  phenyloxamic  acid.  The  solution  mixed  with  hydrochloric  add  does 
not  deposit  phenyloxamic  acid. 
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Phenylaulj^hamaie  or  Sulpkanilate  of  Aniline,  sepantet  from  a  solutioii  of 
pfaenylBuiphaiiuc  add  in  water  containing  aniline^  the  liquid  fint  however  depodtiog 
nnaltered  phenylsulphamie  add. 

Pkosphat§9  of  Aniline.—a.  OrthophoephaUa.^a.  DiamUe,  C**H**I$PPCH    » 

per'   N 

(C*H*N)'lO'. — Gonoentrated  phosphoric  add  enpematnrated  with  aniline^  ""^'^^TUf 

immediately  in  a  white  aystalline  mass,  which,  after  beins  prooocd,  dieaolTed  in  a  laige 
quantity  of  boiling  alcohol,  strained  through  a  hot  filter,  and  cooled,  yields  flesh-oolourra, 
nacreous,  inodorous  lamina,  which  slightly  redden  litmus ;  they  must  be  pressed  be- 
tween paper  and  dried  on  a  warm  tile.  At  100°  they  torn  red  and  give  off  aniline; 
melt  at  a  stronger  heat,  and  finally  leare  metaphosphoric  add  (colourwl,  according  to 
Oerhardt,by  the  carbonisation  of  a  small  quantity  of  aniline)  while  the  aniline  tqU- 
tilises.  They  dissolye  readily,  in  water  and  ether,  sparingly  in  cold  alcohol,  but  so 
abundantly  in  hot  alcohol,  ttiat  the  liquid  solidifles  on  oooBng.  (£.  C.  Nicholson, 
Ann.  Ch.  Phann.  lix.  218.) 

(PO)*') 

3.  Mono-anilie,  G«H>«NPO«  «  G*H*N  >0*.— The  aqueous  solution  of  the  salt  « 

H«  3 
mixed  with  phosphoric  add  till  it  no  longer  predpitates  chloride  of  barinm,  yields^  in 
a  few  hours,  after  eTaporation  oyer  the  water-bath,  white  silky  needles,  wiuch  must 
be  cooled  with  ether  and  dried  on  a  warm  tile ;  they  turn  red  in  the  air,  and  dissolye 
roadily  in  water,  alcohol  and  ether;  in  water,  however,  the  salt  a  is  formed  at  the 
aame  time.    (Nicholson.) 

(PW)"') 

*.  PsfTophoapkaie,  C"H'«N«P«0'.HK)-(C«H'N)«VO*.HH).— Concentrated  pyiophoe- 

H«  ) 
phoric  add  obtained  by  deoompodng  pyrophosphate  of  lead  with  sulphuretted  hydrogen 
forms  with  excess  of  anilinei,  a  gelatinous  hardening  predpitate  which  is  a  mixture  of 
tetranilic  and  diau'lic  salt  The  former  cannot  be  prepared  in  the  pure  state^  but  the 
dianilic  salt  is  obtained  by  heatinff  the  mixture  till  solution  takes  place,  supersaturating 
with  add,  and  eyaporating  oyer  the  water-bath,  as  a  mass  of  needle-shaped  crystals 
which  must  be  pressed  between  paper,  washed  with  ether,  and  dried  in  yacuo.  The 
silky  needles  resemble  sulphate  of  quinine,  are  strongly  acid,  turn  red  on  exposure  to 
the  air,  both  in  the  solid  state  and  in  solution,  and  are  soluble  in  water,  but  quite 
insoluble  in  alcohol  and  ether.    (Nicholson.) 

Metaphotpkaie,  C^H*NPO*  -  ^|^|o.— The  concentrated  solution  of  gladal  phos- 
phoric acid  added  in  laise  excess  to  aniline  or  to  its  solution  in  alcohol  or  ether,  throws 
down  a  white  jelly,  whidi  must  be  washed  on  the  filter  with  ether  till  the  odour  of 
aniline  disappears,  and  dried  in  yacuo  over  oil  of  yitrioL  It  is  a  white  amorphous 
mass,  which  reddens  litmus,  becomes  glutinous  and  rose-coloured  on  exposure  to  the 
air,  and  dissolyes  in  water,  but  is  quite  insoluble  in  alcohol  and  ether.  The  aqueous 
solution  is  altered,  by  boiling  in  consequence  of  the  formation  of  orthophosphoric 
add ;  it  dissolyes  metaphosphate  of  silyer,  but  afterwards  turns  red  on  boiling;  the 
silyer-salt  being  partly  reduced.    (Nicholson.) 

Pier  ate  of  Aniline. — ^The  lemon-yellow  predpitate  which  an  excess  of  of  alco- 
holic picric  add  forms  with  aniline,  dissolyes  in  boiling  alcohol  and  crystallises  on 
cooling. 

Pyrotartrate  of  Aniline  is  a  oystallisable  salt^  the  solution  of  which  dries  up 
to  a  brown  syrup. 

8ueeinaie  of  Aniline  forms  thin  oblique  rectangular  prisms  of  a  pale  rose  colour. 

Sulphate  of  Aniline,  (CTa*N)«SO*.— A  mixture  of  aniline  and  sulphuric  acid 
immediately  solidfies  to  a  aystalline  pulp  which  must  be  pressed  and  puitAed  by  re- 
crystallisation.  The  salt  is  easily  soluble  in  water,  less  soluble  in  dilute  alcohol,  still 
less  in  absolute  alcohol,  insoluble  in  ether.  An  alcoholic  solution  saturated  at  the 
boilinff  heat  solidifies  on  cooling.  It  ma^  be  heated  to  100°  without  alteration.  When 
carefully  raised  to  a  higher  temperature,  it  giyes  off  water  and  aniline,  and  is  converted 
into  phenylsluphamic  acid.  At  a  still  higher  temperature,  it  suffers  ftirther  decompo- 
sition, gives  off  sulphurous  anhydride  and  sulphite  of  aniline^  and  leaves  charcoal. 

Sulphite  of  Aniline  is  obtained  as  a  radiate  crystalline  mass,  by  treating  aniline 
with  sulphurous  anhydride  (  ?  moist). 

Sulphohenzolate  or  Sulphophenylate  of  Aniline,  C«H»(C^«N)SO»,  obtained 
by  dropping  aniline  into  a  hot  solution  of  sulphobensolic  add  {q,  v.),  crystallises  in 
long  silky  needles  arranged  in  stellate  groups,  and  generally  exhibiting  a  reddish  tint 
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Ther  melt  at  201®,  and  the  fiued  salt  aolidifiea  in  a  stellate  Cfystalline  mass ;  it 
tnbhmes  below  the  melting  point  in  oolonrlesB  crpstaiM.  DifleoWes  readily  in  ^water 
and  alcohol,  aparing^j  in  euer.    (Qericke,  Ann.  Ch.  Phann.  o.  217.) 

Sulpkoeyanat$  of  Aniline,  OH'N.CNHfl. — Aqueous  solphoGyante  add  satniv 
ated  with  aniline  deposits  on  evaporation,  red  oily  drops  which  gradnally  solidiiy  in 
the  ciyrtalline  form.  The  etystallxne  mass  melts  when  gently  heated ;  then  gives  off 
sn^hiiTetted  hydrogen  and  solphide  of  ammoninm,  with  violent  ebullition ;  and  when 
more  strongly  heated,  yields  an  oily  distillate  of  solphide  of  carbon  and  sulphide  of 
ammonium  together  with  diphenylsolphocazbamide^  and  leaves  a  pale  resinous  residue: 

2(CH^.CimS)      -      C»«H»«1TO     +     CN»H«S. 

Dlpbaayltalpbo-        Sulpbocfamte 
CMTMBikl*.  of  maimoalum. 

Bat  the  latter  is  ftirther  resolred  at  the  eiren  temperature  into  solphide  of  carbon,  sul- 
phide of  ammonium,  and  a  residue  of  m^on«^  to  which  however  an  aniline-compound 
adheres.    (Laurent  and  Gerhardt.) 

Tartrate  of  Aniline. — Aqueous  tartaric  add  solidifles  in  contact  with  aniline. 
The  salt  crystallises  from  hot  water  in  needles.    (Hofmann.) 

Compounds  of  Aniline  toitk  Metallio  Salts. — ^Aniline  unites  directly  with  a  con- 
siderable number  of  metallio  salts  forming  compounds  which  m^  be  r^aided  as  chlo- 
rides, sulphates,  &c.,  of  phenylammoniums  containingmetals.  Gerhardt^  W  treating 
aniline  with  mercuric  chloride,  obtained  the  salt  2G<H'N.Hg''a*  or  C>>H'*H^'N*.C1^ 
and  a  similar  compound  with  chloride  of  palladium.  More  recently  this  dass  of  com- 
pounds has  been  examined  by  H.  Schiff  (Ann.  Gh.  Fharm.  exzv.  860 ;  czxvii.  337. — 
Bull.  Soe.  Chim.  v.  66),  who  has  prepared  a  considerable  number  of  them.  They  may  be 
represented  by  the  general  formula : 


in  which  W^^  denotes  an  ii-atomie  metal,  and  X  a  monatomic  salt-radide^  such  as 
01,  NO*,  &C.,  X'  being  of  course  replaceable  by  X",  X*  by  X%  &c.  e.  g. : 

Sulphate  of  Zincodiphenyl-diammonium,  2C^'N.Zn''GI*  -  (0^«)*H«Znin.a'. 
Chloride  of  Stibio-triphenyl-triammonium,  3G*H*N.Sb"a'  -  (G^*)*H<Sb'*N>.Gl*. 
GhlorideofStannico-tetraphenyl-tetram-)        4C«H»N.8n"a«  «  (G^»)«Bren»'Nia«. 

These  salts  are  colourless,  permanent  in  the  aSr,  and  crystallise  welL    Some  of  them 
are  soluble  in  water;  some  may  be  Aised,  sublimed,  or  distilled  without  decompodtion. 
For  the  description  of  the  individual  compounds,  see  pHSirTLAiacoMiUKS. 

SvBBTXTUTlOir-DBBITATITnS  OF  AnILINB. 

The  derivatiTes  of  monophenylamine  or  aniline,     mi^'  ^"^^  ^  arranged  in  two 

wdl-deilned  groups,  namdy,  1.  Those  which  are  formed  by  substitution  of  bromine, 
chlorine,  cyanogen,  iodine,  nitrogen  or  nitryl  for  one  or  more  atoms  of  hydrogen 

belonging  to  the  phenyl-radide  CiH';  e.g.  hronuaUHne,      m     >N,  dinitranUinet 

2.  Those  which  axe  formed  by  substitution  of  aloohol-radieles  or  add-radidea 

for  the  eKtra-radical  or  typio  hydrogen,  e^.  eUgUmHine,  C^*>N,  pken$flaoetamide, 

G«H»> 

<?HK)  VN,  &e. 
H    ( 

I.   DBSEVAnvis  or  AniLm  fobhb)  bt  BtPLAcmmrr  of  Htdboout  -wiTHiy  thb 

PHBNTIrBABICIB. 

The  radical  hydrogen  of  aniline  may  be  replaced,  to  the  extent  of  1,  2,  or  3  atoms 
by  chlorine,  bromine,  or  nitryL  The  trichloro-  and  tribromo-oompounds  are  formed 
by  the  direct  action  of  chlorine  or  bromine  on  aniline ;  those  containing  only  1  or  2 
at.  chlorine  or  bromine,  as  well  as  the  nitro-compoundB,  are  not  obtained  directly  from 
aniline.  These  substitution-compounds  are  less  bade  in  proportion  to  the  number  of 
hydrogen-atoms  replaced.  Mono-  and  di-bromo-phenylamine  are  basic;  so  likewise 
are  the  monochlorinated  and  mononitro-compounds ;  but  the  tribromo-,  dJchloro-^ 
tricUoro-,  dinitro-  and  trinitro-phenylaminee  are  neutraL    One  atom  of  radical  hydrogen 
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in  anflme  mav  also  be  replaced  by  iodine,  and  by  cyanogen.  lodophenylamine,  C*H*IN, 
is  obtained  by  the  di^t  action  of  iodine  on  aniline;  and  cyanophenylamine  or 
cyanilide,  C^*N*  -  G«H'(CN)N,  by  that  of  chloride  of  cyanogen  on  an  ethereal  aolntioB 
of  aniline  cooled  by  ice.    lodophenylamine  is  baaic ;  cyanophenylamine  is  neatraL 

In  connection  with  the  last-mentioned  compound  must  also  be  mentioned  a  base 
called  cyananiline,  prodaced  by  the  direct  action  of  cyanogen  on  aniline,  and  con- 
taining G'H'N'  —  OH'N.Cy,  that  is  to  say,  the  elements  of  cyanogen  and  aniline 
united  irithont  elimination  of  hydrogen. 

There  is  also  a  group  of  compounds  called  azophenylamines  in  which  1  at. 
nitrogen  takes  the  place  of  3  at.  hydrogen. 

The  monochloro-,  bromo-,  and  nitro-phenylamines  are  susceptible  of  two  isomeric 
modifications. 

1.  Agophenylaminea, 

These  are  bases  produced  by  the  action  of  nitrous  acid  on  aniline,  and  on  the 
bromo-,  chloro-,  iodo-,  and  nitro-phenylamines  above  mentioned,  and  derivable  there- 
from  by  the  substitution  of  1  at  nitrogen  for  3  at  hydrogen.  They  may  also  be  re- 
garded as  formed  from  benzene,  CH',  and  its  deiivatiTes,  bromobenzene,  nitrobenzene^ 
&c,by  the  substitution  of  1  at.  nitrogen  for  1  at.  hydrogen ;  and  this  is  the  view  of  their 
constitution  entertained  by  Griess,  by  whom  they  have  all  been  discovered  and 
investigated  (FhiL  Trans.  1864,  Ft  iil  p.  667). 

Axoplieiiylainliie*  or  AjtanlltiMf  C^^N*  »      -gt     [N,    or   Diazobmgene^ 

g     |. — ^This  base  is  obtained  as  a  nitrate:  1.  By  the  action  of  nitroua  add  on 

nitrate  of  aniline : 

C^^     +     NHO«      -      Cra*N«     +     2HK). 

Nitrate  of  aniline  ground  to  a  paste  with  water  is  submitted  to  the  action  of  nitrous 
acid  gas  in  a  vessel  eitemally  cooled  so  as  to  prevent  the  temperature  rising  above 
30^.  The  salt  then  gradually  dissolves,  and  ss  soon  as  it  has  all  disappeared,  the  solu- 
tion is  filtered  to  remove  traces  of  a  brown  resin,  then  mixed  with  8  voL  strong  alco- 
hol, and  ether  is  added  to  precipitate  the  nitrate  of  asophenylamine.  The  precipitated 
crystals  are  separated  from  the  mother-liquor  by  filtration,  and  decolorised  by  solution 
in  cold  dilute  alcohol,  and  reprecipitation  with  ether. 

2.  By  the  action  of  nitzoua  add  on  aiodiphenyldiamine,     IT*    >N*,  dissolved  in 

ether  and  mixed  with  nitric  acid : 

C»«H"N»     +     NHO«     +     2NH0«       «       2(C«H«N«.NH0*)     +     2H»0. 
Azodlphenyl-  Nitrate  of  uophenyi- 

diamine.  amine. 

3.  By  the  direct  ac^on  of  nitrous  acid  on  aniline  mixed  with  4  voL  alcohol,  in  which 
case  it  is  probable  that  azodiphenyldiamine  is  first  formed  (p.  460)  and  then  converted 
into  nitrate  of  azophenylamine  as  above. 

4.  B^  the  action  of  nitrous  acid  on  nitrate  of  ethylaniline  : 

C«H«(C«H»)N.NHO»     +     NHO*      =      C'H^N'.iraO*     +     C«H«0     +     BPO. 

A  very  concentrated  solution  of  nitrate  of  azophenylamine  mixed  with  very  strong 
caustic  potash  and  evaporated  over  the  water-bath,  yields  a  compound  of  azopheny- 
lamine with  potash,  CH^N'.EHO ;  and  the  aqueous  solution  of  this  compound  mixed 
with  acetic  add,  deposits  azophenylamine  as  a  thick  yellow  oil,  having  a  peculiar 
odour,  and  remarkable  for  its  extreme  instability.  It  soon  begins  to  give  dS  nitrogen, 
and  is  rapidly  converted  into  a  brownish-red  sul^tance ;  the  decomposition  is  attended 
with  considerable  rise  of  temperature,  which,  when  large  quantities  are  concerned,  may 
give  rise  to  dangerous  explosions.  Ether  dissolves  it  instantly,  with  violent  evolution 
of  gas,  and  forms  a  red  solution. 

CoKPOTJNDs  OF  Aeophbhtxahxhb. — ^AzophenyUmine  unites  both  with  adds,  and 
with  other  bases  organic  and  inorganic ;  but  die  compounds  are  best  obtained  by 
indirect  methods. 

Bromine'compounds, — The  hydrobromate,  C^H^^.HBr,  is  produced,  together 
with  tribromaniline,  by  the  action  of  bromine  on  azodiphenyldiamine,  as  shown  by 
the  equation : 

C'«H»N*  +  Br«    =     C^«N«HBr  +  C*E*B^N  +  2HBr. 

•  The  term  azophenylamine  wai  applied  by  Oerhardt  to  Zinin*«  semlbe ni idam,  C*H"N* ;  but  thli 
body  hat  the  compoaiiion  of  amidophenylamine,  C"H«(NH')N,  or  of  phenylene-diamlne, 
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On  adding  an  ethereal  eolation  of  bromine  bj  dropa  to  a  moderately  atzong  aolntion 
of  asodiphenyldiamine,  a  crystalline  pz^cipitate  of  hydrobromate  of  azophenylamine 
is  prodticed,  while  tribromamiine  remains  in  eolation.  The  crystals  most  be  qoickly 
washed  with  ether  and  dried  oyer  oil  of  yitrioL 

Hydrobromate  of  axophenylamine  crystallises  in  white  nacreoos  scales  easily  soluble 
in  fpateTf  less  solable  in  aieohol,  insoluble  in  ether.  The  solutions  have  a  strong  acid 
reaction.  The  salt  is  yery  unstable,  decomposing  spontaneously  with  a  peculiar  odour, 
and  exploding  with  yiolence  by  heat,  friction  or  pressure.  The  aqueous  solution  treated 
with  moist  chloride  of  silver  yields  bromide  of  silyer  and  hydrochlorate  of  azophenyl- 
amine or  chloride  of  azophenylammonium. 

BromoplaHnate,  2(C*H«N«.HBr)Pti*Br«.-~0btained  as  an  insoluble  leddish-yellow 
precipitate  on  mixing  platinic  bromide  with  aqueous  nitrate  of  azophenylamine.  It  is 
decomposed  by  heating  with  carbonate  of  sodium,  in  the  same  manner  as  the  chloro- 
platinate  (tt{fra)  yielding  bromobenzene. 

Perbromide  qf  Azophenylanmonivm,  (^E^WB^  -  (C«H^«N  )'|NBpt,_Thi8  com- 
pound, probably  analogous  in  constitution  to  the  tri-iodide  of  tetiethylammonium,  is 
produced  by  the  action  of  bromine  on  nitrate  of  azophenylamine.  On  adding  a  small 
quantity  of  bromine-water  to  an  aqueous  solution  of  the  nitrate,  a  white  crystalline  pre- 
cipitate of  tribromophenic  acid  is  usually  obtained,  owinff  to  the  presence  of  a  small 
quantity  of  phenol  formed  from  the  decomposition  of  the  nitrate  by  water.  On  re- 
moying  this  precipitate  as  quickly  as  possible  and  adding  a  large  excess  of  bromine- 
water  to  the  filtrate,  perbromide  of  SEophenylammonium  separates  as  a  brownish-red  oil, 
which  when  separated  from  the  mother-liquor  quickly  solidifies  in  a  crystalline  mass ; 
it  may  be  purified  by  washing  with  ether,  or  by  dissolving  it  in  cold  alcohol,  leaying 
the  solution  to  eyaporate  spontaneously  in  shallow  yessels,  and  then  washing  the 
residue  with  a  little  ether  to  remove  an  oily  nroduct  of  decomposition. 

Perbromide  of  azophenylammonium  arstallises  in  yellow  plates  insoluble  in  water, 
rather  difficultly  soluble  in  alcohof-f  insoluble  in  ether.  It  is  comparatiyely  stable  in 
the  dry  state,  but  decomposes  quickly  in  alcoholic  solution.  When  heated  it  gives  off 
bromine  and  nitrogen  and  is  converted  into  bromobenzene : 

C^»N»Br»     «     C^»Br  +  N«  +  Br*. 

In  decomposing  large  quantities  of  the  perbromide  in  this  manner,  it  shonld  be 
mixed  with  carbonate  of  sodium,  otherwise  a  violent  explosion  is  likely  to  occur. 
Bromobenzene  is  likewise  formed  on  heating  the  perbromide  with  alcohol,  and  separates 
as  a  heavy  oil  on  adding  water  to  the  solution. 

With  aqueoos  aTnmonia  the  perbromide  yields  azophenylene-diamine  (diazo- 
benzolimide  of  Qriees)  and  bromide  of  ammoniam : 

C^WBr*  +    4NH»    -    (^"^JIn*  +  3NH*Br. 
Perbromide.  Asopbenylene-diamiiie. 

Chlorine'eompounds.-^The  hydrochlorate  is  obtained  by  treating  an  aqueous 
solution  of  the  nitrate  with  moist  chloride  of  silver. 

Chhroauraie,  C«H*N*JICLAuCl'.— Obtained  on  adding  trichloride  of  gold  to  an 
aqueous  solution  of  the  nitrate,  as  a  light  yellow  o^talline  precipitate  insoluble  in 
water,  but  soluble  in  alcohol,  from  which  it  crystallises,  on  cooling,  in  small  golden 
yellow  plates:  it  cannot  however  be  recrystallised  without  loss,  and  is  completely 
decomposed  by  continued  boiling  with  alcohol. 

Sulpkydric  acid  gas  passed  through  water  in  which  this  gold-salt  is  sus^nded,  con- 
Torts  it  into  trisulphi^  of  gold,  and  a  yolatile  oily  liquid  isomeric  with  phenyl- 
mercaptan  (p.  418.): 

C^«N«  +  H«S     -     C«H«S  +  N». 

This  liquid  has  an  odour  of  mercaptan,  but  is  not  precipitated  by  acetate  of  lead  or 
nitrate  of  silver.  A  small  portion  of  the  azophenylamine  undergoes  at  the  same  time 
a  different  decomposition,  resulting  in  the  formation  of  aniline : 

C^*N«  +   33*S     =     C«H^  +  NH«   +  &, 

Sulphydric  acid  passed  over  the  gold-salt  spread  in  a  thin  layer  over  the  inside  of  a 
glass  tube,  decomposes  it  into  hydrochloric  acid,  trisulphide  of  gold  and  azophenyl- 
amine; the  decomposition  of  larger  quantities  is  attended  with  explosion. 

ChloroplatinaU,  2(C«H*N«.HCl).Pt»'Cl*.— Precipitated  on  adding  platinic  chloride  to 
a  rather  concentrated  solution  of  the  nitrate,  in  fine  yellow  prisms  almost  insoluble  m 
alcohol  and  ether.    They  are  moderately  stable,  but  when  kept  for  some  time  acquire 
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A  browniBh  colour,  and  are  g;nulaallv  but  completely  decomposecL  The  salt  defla- 
grates when  heated,  but  if  mixed  with  a  laise  excess  of  carbonate  of  sodium,  barium, 
calcium,  &c.,  and  heated  in  a  sand-bath,  it  is  quickly  decomposed  into  chlorobenzene, 
metallic  platinum,  chlorine,  and  nitrogen : 

2(C«HW.Ha)Pt«'a*     -     2C^*C1  +  Pt  +  Cl«  +  N«. 

Nitrate  of  Aeophenylamine,  C^W.NHO'.— This  salt»  the  prepamtion  of 
which  has  been  already  described,  crystsllises  in  bng  white  needles  very  soluble  in 
water,  less  soluble  in  aicokol,  almost  insoluble  in  ether,  and  in  benzene.  It  may  be 
dried  without  alteration  over  oil  of  ritrioL  When  heated  eyen  below  100°,  it  explodes 
with  fearful  yiolence,  far  surpassing  that  of  ftilminatinff  mercury  or  iodide  of  nitrogen. 
The  explosion  of  a  gramme  of  it  causes  a  coneuasion  like  that  produced  by  firing  a 
pistol;  a  somewhat  larger  quantity  exploded  on  an  iron  slao  seyeral  lines  thick 
smashed  it  to  atoms.  Friction,  pressure  and  percussion  also  cause  it  to  explode.  The 
smallest  particles  of  it  accidentdly  dropped  on  the  floor  of  a  room,  and  trodden  upon 
when  dry,  giye  rise  to  a  series  of  explosions  attended  with  flashes  of  lig^t 

Nitrate  of  scophenylamine  is  reeolyed  by  boiling  with  water,  into  phenol,  nitric  add 
and  free  nitrogen: 

Cra^N«.NHO»     +     BTO      -      Cra«0     +     NHO«     +     N«. 

By  distillation  with  alcohol,  it  is  resolyed  into  dinitrophenie  acid,  benzene^  and 
aldehyde,  together  with  water  and  free  nitrogen : 

2(C^*N«.NH0«)  +  CmH>    -     C^«(NO*)K)  +  C«H»  +  0«H«0  +  HK)  +  N». 

A  cold  aqueous  solution  of  the  nitrate  left  in  contact  with  leyigated  carbonate  of 
barium,  slowly  giyes  off  nitrogen  and  is  oonyerted,  after  some  days,  into  a  mixture  of 
two  compounds  of  asophenjlamine  with  phenol :  yis.  C**H**N*0  a  CH^N^.CH'O  and 
C"H"N«0  -  20^«N'.CH3<0  {tfid.  inf.%  the  mode  of  their  formation  being  as  follows : 

2C«H«N«     +     H«0      -       C«H»«N«0     +     N« 
8C^<N«     +     HK)       -      C"H"N*0     +     N». 

On  mixing  yery  ooncentmted  aqueous  nitrate  of  azophenylamine  and  cautOe  potash, 
a  compound  of  azophenylamine  with  potassic  hydrate,  C'H^N'.KHO,  is  produced ;  but 
on  mixing  dilute  aqueous  solutions  of  the  two  bodies,  a  yellow  liquid  is  obtained,  which 
has  a  peculiar  odour,  soon  begins  to  giye  off  nitrogen,  and  deposits  a  reddish-brown 
substance  haying  the  composition  C^M'^NK) : 

4C«H*N«     +     H«0      -      C«H»«N«0     4-     N«. 

The  reaction  is  yery  slow  at  common  temperatures,  but  takes  place  quickly  on  heatinff 
the  liquid,  the  reddish-brown  substance  Ming  then  separated  as  a  resinous  semifluid 
mass,  quite  insoluble  in  water,  only  slightly  soluble  in  alcohol,  eyen  at  the  boQing 
heat,  but  easily  soluble  in  ether,  and  remaining  as  a  resin  on  eyaporating  the  ether. 
Its  powder  is  strongly  electric.  When  boiled  with  nitric  add,  it  yields  a  yellowish 
crystalline  body. 

Alcoholic  potash  added  to  the  aqueous  nitrate  of  asophenylamine  produces  a  mora 
complicated  reaction,  yielding  b  ensen  e  and  phenyl,  in  addition  to  the  reddish-brown 
substance: 

C«H<N«      +     0»H«0      «      C«H«     +     C*HK)     +     N«. 

AiophenyU  Alcohol.  ^eoieiie.  Aldehyde, 

amine. 

2Cra«N»     +     CmH)      -      C>«H»    +     C*H*0     +     N*. 

Pbenyl. 

On  heatinff  the  liquid  in  a  retort,  the  benzene  passes  oyer  with  the  alcohol  and  may  be 
separated  by  addition  of  water,  while  the  phenyl,  bdng  less  yolatile,  distils  oyer  after 
the  alcohol  and  crystallises  in  the  recdyer.  It  mdts  at  70^»  and  resembles  in  eyeiy 
reffpect  the  phenyl  obtained  by  Fit  tig  (p.  409). 

Dilute  aqueous  amfnania  added  to  an  aqueous  solution  of  nitrate  of  azophenylamine, 
forms  a  brown  mass  separable  by  alcohol  into  an  eadly  soluble  and  a  sparingly  soluble 
portion.  The  latter  is  identical  with  the  compound  C"K"N*0,  produced  by  the  action 
of  potash ;  the  former  is  azodiphenyl-diamine,  CH^N*,  produced  aa  shown  by 
the  equation : 

2(C^W.NH0^  +  8NH»     »     C>«H"N»  +  2(NH*.N0«). 

With  bromne,  nitrate  of  azc^hen^lamine  yields  perbromide  of  azophenylammonium. 
With  auric  andplatinic  chlorides,  it  forms  predpitates  of  the  chloroaurate  and  chloro- 
platinate  of  azophenylamine. 

With  ant/fTte  in  aqueous  solution  it  forms  azodiphenyl-diamine  and  nitrate  of  aniline : 

C«H<N«.NHO»     +     2C*H'N      -      C"H»'N»     +     C^»N.NHO». 
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tn  like  manner  with  br^tnaniiiM  it  yields  bromazodiphenyldiamiisei  0*'H*1BrN';  and 
with  napht^ftamiite,  it  forms  aEonaphthjl-phenyl-duunine  (see  PHBirzii-jti^Muns,  p. 

^>   +   ''"h^!^    -    ^''^'''^>>^ 

OxyheneamaU  of  Aeophenylamine,  C»»H"NH)«   -   C«H<N*C»H'NO«,  or 

Azophenyl^>xyhengamic  add,  (CH^O)"  ?'r>.  — JHasobetuol-amidobengaie  acid  (G r i  e s s). 

H»       ) 
— Ohtained  by  mixing  an  aqueons  solution  of  1  at.  nitrate  of  azophenylamine  with  2  at. 
ozybenzamic  acid,  separating  as  a  yellow  ciystalline  precipitate,  tlie  ethereal  solution  of 
which  deposits  ydlow  oystds,  to  be  purified  by  washing  with  cold  water : 

C^^«.NHO»     +     2C'H^0«      -      C"H"N»0«      +     C'H'NO'.NHO*. 

Nitrate  of  Aio«  Ozjbenumlc  OxyiMnumate  of  Nitrate  of  Oxybensanie 

pbeDyUmine.  acid.  Axophenylamine.  acid. 

Jt  forms  small  indistinct  plates  or  crystalline  grains,  nearly  insoluble  in  ioater,  very 
sparingly  soluble  in  alconolf  easily  soluble  in  eMer.  Heated  on  platinum-foil,  it  melts 
and  is  rapidly  decomposed,  with  yiolent  eyolution  of  gas.  Cola  dilute  mineral  acids 
act  upon  it  but  slowly,  but  decompose  it  speedily  with  aid  of  heat.  Acetio  acid  eyen 
when  highly  concentrated  has  no  action  upon  it  in  the  cold,  but  destroys  it  when  heated. 
Solutions  of  ammonia,  potash,  and  carbonate  of  potaseium  dissolye  it  readily,  with 
yellow  colour. 

Azophenyl-ozybenzamic  acid  exhibits,  with  hasee,  the  behayiour  of  a  dibasic  acid, 
uniting  with  them  in  two  preparations.  All  its  salts  are  comparatively  stable:  those 
which  are  soluble  in  water,  the  potassium-salt  for  example,  will  eyen  bear  recnystal- 
lisadon.    With  the  oxides  of  silver  and  barium  it  forms  msoluble  precipitates. 

like  most  amic  adds  it  exhibits  basic  as  well  as  acid  characters.  On  mixing  its 
ethereal  solution  with  an  alcoholic  solution  of  platinic  chloride,  a  chloroplaiinate, 
C*'H"NK)^2HC1.R*^C1^  is  precipitated  in  small  indistinct  yellowish-white  plates. 

Azophenylamine  fbrms  similar  compounds  with  paraoxybemamic  acid  (p.  352), 
oxyanieamic  acid,  &c,  which  are  obtained  in  like  manner  by  acting  on  nitrate  of 
acophenylamine  with  the  respective  adds, 

Pkenates  of  Aeophenylamine. — Two  of  these  compounds,  containing  respect- 
iyely  the  elements  of  1  and  2  at.  azophenylamine  with  1  at  phenol,  are  produced,  as 
already  observed  (p.  432),  by  the  action  of  carbonate  of  barium  on  a  cold  aqueous  solution 
of  nitrate  of  aaophanylamine.  Nitrogen  is  then  slowly  evolved,  and  a  reddish-brown 
mass  is  formed,  consisting  of  the  two  compounds  just  mentioned  together  with  the  excess 
of  carbonate  of  barium;  and  on  filtering  off  the  solution  containing  nitrate  of  barium, 
removing  the  excess  of  carbonate  by  hydrochloric  acid,  and  treating  the  residue  with 
cold  alcdiol,  the  compound  containing  the  larger  proportion  of  phenol  dissolves  out, 
while  the  more  bade  compound  remains  for  the  most  part  undissolved. 

MonoamhenylamioPhinate,  C^*W1P0  »  OH^N'.C'H'O,  or  Azodiphenylamic  acid, 

^      -m    ^[  Q. — To  purify  this  compound,  the  alcoholic  solution  obtained  as  above  is 

evaporated,  the  reddue  is  treated  with  ammonia,  and  the  deep  yellow  solution  after 
bemg  filtered,  is  decomposed  with  hydrochloric  add.  Azodiphenylamic  add  is  then 
predpitated  in  crystals  which  may  be  further  purified  by  repeated  crystallisation  from 
weak  spirit.  It  is  almost  insoluble  in  cold  water,  slightly  soluble  in  boiling  water,  from 
whidi  it  crystalUses  on  cooling  in  small  but  well-formed  rhombic  prisms  of  a  fine 
yellow  colour  with  a  tinge  of  violet.  From  alcohol  and  ether  (in  which  it  dissolves 
very  easily)  it  usually  crystallises  in  brittle  brownish-ydlow  nodules.  It  melts  at 
148^  to  a  brownish-yellow  oil  which  cannot  be  yolatilised  without  decomposition,  but 
is  destroyed  at  a  higher  temperature,  with  formation  of  yellow  vapour. 

This  compound  possesses  dight  add  properties,  and  forms  saline  compounds  with 
certain  metals,  but  it  is  not  capable  of  decomposing  carbonates.  On  evaporating  its 
solution  with  aqueous  ammonia,  the  whole  of  the  ammonia  is  driven  o&  It  forms  a 
scarlet  precipitate  with  nitxate  of  silver. 

Diphenylamic  Phenate,  C^'Hi'N^O  -  2CH«N*.C*H«0,  or  Asotriphmyimmo  acid, 

(C^^a'S'^Y'  >  N* 

H*         \0 ' — '^^  compound  may  be  obtained  pure  by  recrystallising  the  less 

soluble  portion  of  the  reddish-brown  substance  above  mentioned,  once  or  twice  from 
strong  alcohol,  then  dissolving  it  in  ether,  and  leaving  the  solution  to  evaporate. 
Sometimes  however  it  is  contaminated  with  traces  of  another  substance,  to  remove 
which  it  must  be  dissolved  in  caustic  potash,  and  the  filtered  alkaline  solution  precipi- 
tated by  hydrochloric  add.  It  crystallises  in  brownish-red  needles  or  plates,  easily 
soluble  in  ether,  sparingly  in  cold  alcohol  and  in  hot  water.  It  melts  at  113*^  and 
Vol.  IV,  F  F 
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ideoompofles  at »  S^her  temperatare  like  the  piecKLing  eomponnd.  It  ib  nearly  nentzal 
bat  dueolTea  Msily  in  potaah,  forming  a  mby-red  solution,  with  difficulty  in  aqueoos 
ammoma^  old  not  at  all  in  aqueona  carbonate  of  potassium.  It  is  likewise  insolable  in 
dilate  aena,  bat  dissolyes  in  concentrated  acidsi  forming  blood-red  solutions  which 
decompose  when  heated. 

Smtpkate  oj  Afophenylaminet  C^*N*.SIPO^  This  salt  may  be  obtained  by 
th«  action  of  nitrous  acid  on  sulphate  of  aniline  suspended  in  water,  or  more  con- 
fvniently  by  treating  a  concentrated  aqneous  solution  of  the  nitrate  with  dilute  sulphuric 
add,  miTTing  the  resulting  solution  with  3  toL  absolute  alcohol,  and  then  with  ether, 
which  causes  the  sulphate  of  assophenylamine,  together  with  some  water,  to  separate 
in  a  layer  at  the  bottom,  while  the  liberated  nitnc  acid,  together  with  excess  of  sul- 

Shnric  acid,  remains  mixed  with  the  supernatant  alcohol  and  ether.  This  latter  is 
ecanted,  the  solution  of  the  sulphate  once  more  treated  with  absolute  alcohol  and 
precipitated  by  eUier,  and  the  precipitated  liquid  placed  in  flat  dishes  over  oil  of 
Titrid.  It  then  solidifies  to  a  magma  of  ciyst^  which  must  be  washed  on  a  filter 
with  a  mixture  of  alcohol  and  ether,  to  remove  any  traces  of  sulphuric  acid  and  phenol 
produced  by  partial  decomposition  of  the  sulphati^  then  dissolved  in  cold  weak  alcohol, 
precipitated  by  ether,  and  the  crystals  quickly  dried  over  oil  of  ritriol. 

Salphate  of  aasophenylamine  crystallises  in  prisms,  which  dissolve  readily  in  water, 
with  difficulty  in  absolute  alcohol^  and  not  at  all  in  ether.  The  aqueous  and  alcoholic 
aolutions  decompose,  with  evolution  of  gas,  on  boiling.  When  exposed  to  the  air,  tha 
salt  rapidly  absorbs  moisture,  becomes  liquid,  and  gradually  decompoaes.  Whetk 
heated  alone,  it  deflagrates  feebly  at  about  100^. 

Sulphate  of  azophenylamine  heated  with  concentrated  tulphurie  acid,  gives  off  the 
whole  of  its  nitrogen  and  is  converted  into  disulphophenylenie  acid,  CH^SH)*-- 
C«H\2SH'0«  (see  Sulfbubic  Ethbbs)  : 

Compounds  of  AzoPHsmrLAMiNB  with  Basis. — a.  With  HydraU  of  Potastium, 
O'H^K'.KHO.  On  adding  a  very  concentrated  solution  of  nitrate  of  azophenylamine, 
drop  by  drop,  to  strong  aqueous  potash,  a  yellowish  liquid  is  obtained,  having  a 
peculiar  aromatic  odour  and  solidifying  by  evaporation  over  the  water-bath  to  a 
crystalline  mass,  which  is  a  mixture  of  the  compound  of  potassic  hydrate  and 
aaophenylamine  with  nitrate  of  potassium,  and  a  brownish-red  body,  the  result  of  a 
secondary  reaction.  The  crystalline  mass  is  put  into  a  strong  Kiien  doth  and  well 
squeezed  between  porous  stones,  to  remove  the  excess  of  potash ;  the  dry  cake  is  then 
treated  witii  absolute  alcohol,  which  readily  dissolves  the  compound  of  potassic  hydrate 
and  azophenylamine,  leaving  the  nitre  un£ssolved ;  the  alcoholic  filtrate  which  has  an 
intense  reddish-brown  colour  (due  to  the  above-mentioned  secondary  product)  is 
evaporated  over  the  water-bath ;  and  the  residue  is  once  more  pressed  and  washed  with 
a  mixture  of  alcohol  and  ether  to  remove  the  reddish-brown  substance.  By  again  press- 
ing the  nearly  white  cake  thus  obtained,  dissolving  it  in  a  small  quantity  of  absolute 
alcohol,  filtering,  and  adding  a  sufficient  amount  of  ether,  the  compound  is  precipitated 
in  small  white  crrstals  whidi  must  be  immediately  dried  over  oil  of  vitriol 

It  crystallises  in  small  white  soft  plates,  becomes  reddish  by  exposure  to  the  air,  is 
easUy  soluble  in  Ufoter  and  in  ahohd,  insolable  in  ether.  The  solutions  have  a  strong 
alkaline  reaction.  The  freshly  prepared  aqueous  solution  is  but  slightly  coloured ;  but 
by  keeping  for  a  short  time  it  acquires  a  yellow  colour,  and  ultimately  deposits  a 
reddish-yellow  sulxitance.  The  decomposition  does  not  appear  to  be  much  accelerated 
by  boUing.  The  dry  sabstance  is  very  stable.  When  heated  alone  it  explodes  with 
a  slight  report  at  a  Gttle  above  180^. 

fl.  With  HydraU  of  Silver,  C*H«N*  AgHO.  Obtained  as  a  white  or  slightly  choco- 
late-coloured precipitate  b^  heating  a  freshly-prepared  solution  of  the  potassium 
compound  with  nitrate  of  silver,  ifiter  removing  the  mother-liquor,  the  precipitate 
is  thoroughljjr  washed  with  water,  dried  by  pressing  between  filter-paper,  and  finally 
over  oil  of  vitriol.  It  is  insoluble  in  all  the  ordinary  neutral  solvents.  Nitric  acid, 
even  when  cold,  dissolves  it  with  great  facility.  It  is  remarkably  stable,  not  exhibiting 
the  slightest  sign  of  decomposition  even  after  being  kept  for  weeks.  It  explodes 
with  some  violence  when  heated. 

7.  With  HydraU  of  Barium.  Precipitated  by  adding  the  solution  of  a  very  soluble 
barium-salt  to  a  moderately  concentrated  solution  of  the  potassium-compound,  in 
white,  microscopic,  indistinct  needles  or  plates,  which  become  yellowish  from  gradual 
decomposition.    It  is  sparingly  soluble  in  water. 

8.  The^  compound  of  azophenylamine  with  hydrate  of  wine  is  a  white  amorphous 
powder,  insoluble  in  water.  The  lead-compound  is  also  a  white  powder,  but  quickly 
turns  yellow.  With  cupric  sulphate  a  brown  precipitate  changing  to  green  is  obtained. 
Mercuric  chloride  gives  no  precipitate. 
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CoiiPonHi>8  or  AlovBBNTiAinra  with  othsb  Oboamic  Basbs. — Azophenylanuiie^ 
as  already  obseired  (p.  432\  unites  with  aoilioe,  bromaniline,  and  naphthylamin^, 
fonning  oompoundB  which  naye  the  oonatitation  of  phenyldiaminei^  .and  will  bo 
deflcril^  under  that  head  (p.  469). 

2.  JBromopkenylamines. 

VoBoliimiioyiMBjiAiiiilM  or  BroauuiUla««  C«H^rN  -  ^^li^[N.    (Hof- 

mann,  Ann.  Ch.  Pharm.  liii.  42. — "K  J.  Mills,  Proc.  Boy.  Soc.  z.  689. — Griesa^ 
PhiL  Trans.  1864  [3],  718)i — Of  this  base  there  are  two  isomeric  modificationSp  a  and 
3,  exactly  resembling  one  another  in  their  chemical  deportment^  bnt  distingnished  by 
certain  physical  properties,  both  in  the  free  state  and  in  combination  with  acids. 

Alpha-bromamline  is  prepared:  1.  By  bfl<tring  biomisatin  with  potash,  just  as 
aniline  itself  is  obtained  from  isatin  (p.  420) : 

C^*BrNO«     +     4B:H0       -       C^H^rN     +     2K?C0«     +     IP. 

The  distillation  is  continued  till  the  residue  is  nearly  diy,  and  gives  off  a  brown  oil 
which  no  longer  solidifies.  The  oily  drops  which  passed  over  at  Uie  beginning  of  the 
distiUation  and  have  solidified  in  the  crystalline  form,  are  then  washed  on  a  fiUer  with 
water  and  reerystallised  from'boilinff  alcohol  ^HofmannY — 2.  By  distilling  dibromo- 
phenylacatamide  (p.  418)  with  potaw  (Hills). — 3.  B^  tne  action  of  nascent  hydro- 
gen (generated  by  the  action  of  sine  and  snlphniio  aod)  on  an  alcoholic  aolntion  of 
azobromophenylene-diamine : 

(O.B^NT|jp     ^     H.      -      C^^JN     +     2NH.. 

When  the  addition  of  water  no  longer  forms  a  precipitate,  the  bromaniline  may  be 
separated  by  evaporating  the  alcoholic  solution  over  a  water-bath,  and  <^igtilH«g  irith 
potash  (Griess). — 4.  By  the  action  of  sulphide  of  ammonium  on  /3-bromonitio- 
benzene  (p.  416). 

3-BromanilJne  is  obtained  by  the  action  of  sulphide  of  ammonium  on  o-bromo- 
nitrobenzene  (p.  416). 

Properties, — Alpha-bromaniline  crystallises  in  colourless,  regular  octahedrons,  ex- 
actly like  chloranuine  (Hofmann)  ;  that  prepared  from  phenylacetamide  sometimes 
crystallises  in  needles  (Hills);  always  in  octahedrons  (Griess).  It  melts  at  60^ 
(Hofmann);  67°  (Griess);  and  solidifies  again  at  46^  (Hofmann).  In  odour 
and  taste  it  resembles  chloranilin& 

H-bromaniline  is  an  oil  which  does  not  solidify  even  in  winter.    (Griess.) 

Bromanih'ne  (both  varieties)  is  easily  reduced  to  aniline  by  potassiwr^-afnalffanu 
With  excess  of  bromide  of  ethyl,  it  is  quickly  converted  into  hydrobromate  of  ethyl- 
bromaniline,  CH'^BrN.HCL  Its  aqueous  solution  imparts  a  violet  colour  to  aqueous 
chloride  of  Ume,  weaker  than  that  produced  by  aniline,  but  stronger  than  tiiat  produced 
by  chloraniline.  Its  salts  colour  chloride  of  lune  red-brown  and  firwood  yellow.  Brom- 
aniline dissolves  readily  in  sulphide  ofearbon, 

jffydroehloraie  of  a-hromanHine,  C^H'BrN.HCl,  ciystallises  itam  boiling  water  in 
nacreous  radiated  fibreai,  but  by  evaporation  over  oil  of  vitriol,  in  well-defined  mono- 
cUnic  prisms  (Hofmann).  Hydiochlorate  of  /3-bromaniline  forms  white  nacreous 
brilliant  plates,  which  are  readily  soluble  in  water  and  alcohol,  and  quickly  turn  red 
when  enosed  to  the  air.    (Griess.) 

ThechloroplatifuUeofeirhromanUine,  2C*H'BrN.H*Gl*R''Cl^  precipitated  on  mixing 
hydrocblorate  of  a-bromaniline  with  platinic  chloride,  closely  resembles  the  cozres- 
ponding  compound  of  chloraniline  (Hofmltnn).  The  corresponding  salt  of  /3-drom- 
anUine  crystallises  in  yellow,  often  well-formed  prisms,  much  more  soluble  than  the 
slender  highly-lustrous  plates  of  the  o-salt    (Gr i e s s.) 

The  ox^te,  2C^'BrN.G^*0*  precipitated  from  alcoholic  a-bromaniline  by  aqueous 
oxalic  acid,  and  cirstallised  from  boiung  water,  forms  indistinct  oystals,  sparingly 
•olnble  in  water  and  alcohol. 

XMbromoplieiijlamiiM  or  PtbromaiittliMi, C^^Bi^N  -  ^^'^ |  K.     (Ho f - 

mann,  Ann.  Ch.  Pharm.  UiL  47. — Griess,  ibid,  cxxl  257.)— Prepared :  1.  By 
distilling  dibromisatin  with  caustic  potash,  washing  the  distilled  and  czystallised  oil 
with  water,  and  ciystallising  from  boiling  alcohol  (Hofmann). — 2.  By  adding  bro- 
mine to  phenylacetamide  suspended  in  water,  till  it  is  converted  into  a  reddish  resin- 
ous mass,  consistinff  mainly  of  dibromophenylacetamide  (C^'Br')(CHH))HN,  and 
subjecting  this  product  to  distillation  with  potash.  Dibromaniline  then  passes  over 
in  oQy  diops  which  solidify  to  white  needles.  On  dissolving  this  product  in  wurm 
moderately  strong  hydrochloric  add,  any  tribromaniline  that  may  be  present  remains 

ff2 
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nncliflflolTed,  and  on  evaporating  the  hydrochloric  add  eolation  to  dxrneaa,  and  treating 
the  reeidne  with  hot  water,  dibromamline  alone  remains  nndiaeolved,  while  traces  of 
hjdroehlorate  of  monobromaniline  are  taken  up  by  the  water.     (Gri  es s.) 

Large,  flat^  somewhat  rhombic  prisms,  melting  between  50^  and  60^  to  a  dark- 
coloured  oil,  which  often  remains  liquid  long  after  cooling,  but  then  crystallises 
suddenly  on  agitation  (Hofmann).  CryBtalBses  from  alcohol  in  needles  or  long 
laminiB,  which  melt  at  79*6^.  (Griess.) 

Dibromaniline  dissolyes  sparingly  in  water,  forming  a  liquid  which  becomes  turbid 
on  cooling  and  gradualhr  deposits  slender  needles ;  it  is  soluble  in  alcohol.  It  is  a 
very  weak  base;  its  solution  in  adds  colours  flrwood  yeUow;  it  is  precipitated  by 
alkalis.  It  forms  crystallisable  salts,  which  however  are  less  stable  than  those  of 
bromaniline. 

The  solution  of  dibromaniline  in  boiling  kydrochJUniG  acid,  yields  on  cooling,  lamina 
containing  13*31  per  cent,  hydrochloric  aod ;  when  they  are  dissolved  in  water,  part 
of  the  base  sejMurates  in  thin  oily  drops;  and  the  solution  eva^rated  under  a  bell-jav 
over  Ume^  which  abstracts  the  greater  part  of  the  hydrochloric  acid,  deposits  nearly 
pure  crystalline  dibromaniline  THofmann).  The  hydrochl<»ic  add  solution  forms  a 
crystalline  orange-yellow  precipitate  with  platinie  chloride.  The  hydroehloratefi^lSPB^Sf 
crystallises  in  tufts  resemoUng  palm-branches ;  the  easily  decompodble  plaHnum-Mli, 
2C«H»Br»N.HyCl«.R«'Cl*,  in  yellow  prisms.    (Griess.) 

TMbromopheiijtaBiiae  or  Trtbrom«ntim#,     G^«Br>N     -     ^^^^''In. 

(Fritzsche^  J.  ^r,  Chem.  zzviii.  204. — ^Hofmann,  Ann.  Ch.  Pharm.  liii  50.)^ 
Bromanilolid  (Fritssche). — Preparation,  1.  Dry  bromine  is  mixed  with  aniline  in 
such  proportion  that  the  mixture  solidifies  completely  after  a  while  in  the  crystalline 
form,  after  which  alcohol  is  added,  and  also  more  bromine  till  its  odour  becomes  per- 
manent. The  ereenish-grey  crjrstalline  magma  of  tolerably  pure  tribromaniUne  is  then 
separated  by  filtration  horn  the  greenish-yellow  alcoholic  uquid,  which  contains  hydro- 
bromic  add  and  the  decomposition-products  of  the  alcohol,  and  deposits  more  tribro- 
maniline  when  mixed  with  water;  after  which  it  is  washed  on  the  filter  with  alcohol 
and  dissolved  in  hot  alcohol:  the  solution  thus  obtained  vields  nearly  colourless 
crystals  (Fritssche). — 2.  The  aqueous  solution  of  an  aniline-salt  is  mixed  with 
aqueous  bromine,  whidi  disappears  and  produces  a  white  turbidity  and  precipitation 
of  microscopiotneedles,  the  aadition  of  bromine  being  continued  till  the  precipitation 
ceases  and  a  slight  odour  of  bromine  remains ;  the  predpitated  powder,  which  has  a 
reddish  tint  arising  from  a  decomposition-product,  is  collected,  and  fi:eed  from  this 
impurity  by  distiluktion  in  a  small  retort ;  and  the  distUlate,  which  solidifies  in  a 
crvstaUme  mass,  is  reerystallised  from  boilhig  alcohol  (Fritzsche). — 3.  An  aqueous 
solntion  of  hvdrochlorate  of  bromaniline  is  mixed  with  aqueous  bromine,  and  the  violet- 
white  predpitate  is  distilled  with  water,  whereby  snow-wMte  crystaJs  are  obtained  at 
first,  but  afterwards  violet  crystals  "which  cannot  be  decolorised  by  recrystallisation 
from  alcohoL    (Hofmann.) 

Properties. — Tribromaniline  crystallised  from  hot  alcohol  forms  colourless,  shining, 
long,  slender  needles ;  but  when  solidified  after  fusion,  it  is  (^  a  crystalline  te<ture^ 
brittle  and  easily  pulverised.  Melts  at  117^  to  a  dear  liquid;  boils  at  about  300^ ; 
distils  over  unchanged  (Fritzsche),  and  sublimes  in  radiating  crystals  having  a  silky 
lustre  (Hofmann).  It  is  insoluble  in  water ;  sparingly  soluble  in  cold,  eadly  in 
boiling  alcohol  and  ether.  It  is  not  basic,  and  does  not  dissolve  either  in  dilute  adds 
or  in  alkalis.  Strong  boiling  nitric  acid  decomposes  it  Warm  strong  sulphuric  acid 
dissolves  it  without  decomposition,  acquiring  a  purple  colour  from  decomposition 
only  when  heated  nearly  to  the  boiling  point.  Strong  potash4ey  has  no  action  on  it, 
even  at  the  boiling  heat. 

AsomroinoplieiiarUuiilne  or  Diazobromobemene,  C'H^rN*  =  (C'HBrN'*)  h^^ 

(Griess,  Proe.  Roy.  Soc.  1864  [3]  695.V-The  nitrate  of  this  base  is  produced  by  the 
action  of  nitrous  acid  on  an  a<^ueous  solution  of  nitrate  of  bromaniline  or  an  ethereal 
solution  of  azobromodiphenyl-diamine,  just  in  the  same  manner  as  azophenylamine  is 
prepared  from  nitrate  of  aniline  or  from  azodiphenvldiamine  (p.  429).  In  the  former 
case  the  nitrous  add  gas  must  be  passed  very  rapidly  at  first ;  otherwise  azobromodi- 
phenyldiamine  will  be  formed,  which  is  very  difficult  to  convert  into  nitrate  of  aao- 
bromophen^lamine  in  an  aqueous  solution.  The  product  obtained  by  either  process 
may  be  punfied  by  repeated  solution  in  alcohol  and  predpitation  with  ethers. 

The  concentrated  aqueous  solution  of  the  nitrate  treated  with  strong  caustic  potash, 
yields  the  compound  G^'BrN'.KHO,  from  which  the  azobromophenylamine 
may  be  separated  by  dilute  acetic  add  in  slender  bright  yellow  needles.  It  may  also 
be  obtained  as  a  bright  yellow  amorphous  predpitate  by  adding  potash  to  the  aqueous 
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solution  of  the  nitnite.    In  either  case  it  most  be  qnickly  lemoTed  from  the  mother- 
liquor  and  dried  over  oil  of  yitrioL 

A»>bromophenyIamine  is  a  yer^  dangerous  compound,  the  slightest  pressure  or  eyen 
contact  with  a  rough  obiect  causing  it  to  go  off  in  a  fleiy  explosion,  equalling,  if  not 
exceeding  in  yiolence  that  of  azophenylamine.  It  is  much  more  stable  at  ordinair 
temperatures  than  asophenylamine ;  neyertheless  it  does  not  long  remain  unchanged, 
and  after  being  kept  for  some  time,  leayes  a  reddish-brown  residue  wMch  no  longer 
explodes  eyen  when  heated,  and  appears  to  haye  lost  all  its  nitrogen.  Ether  dissolyes 
asobromophenylamine  with  eyolution  of  gas,  frequently  yiolent  enough  to  cause  explo- 
sion. Axobromophenylamine  when  recently  prepared  dissolyes  in  pota§h  and  in 
mineral  aeida. 

Salts  op  AiOBBOMOFHnmrLAMXKi.  These  salts  may  be  formed  by  direct  comUn*- 
tion  of  the  base  with  adds,  but  more  eonyeniently  by  methods  similar  to  those  already 
described  for  the  preparationj^salts  of  aaophenylamine. 

The  hydrohr ornate,  Ofl'BrN'.HBr,  is  obtained  by  decomposing  a  solution  of  ths 
sulphate  with  bromide  of  barium,  or  by  the  action  of  an  ethereal  solution  of  bromine  on 
an  ethofeal  solution  of  aaobromodiphenyldiamine: 

C»«H»Bi«N«  +  Br*     -     C»H^rN».HBr  +  C^<Br»N  +  HBr. 

Asobramodipbaoyi-  Hydrobronuta  of      TrlbnmMnllUie. 

^Hf^fif-  CAiobromophenyU 

amine. 

It  forms  white  shining  scales,  yery  soluble  in  water,  less  soluble  in  alcohol,  insolubls 
in  ether.  In  the  dry  state  it  may  be  kept  lor  a  long  time  without  decomposition. 
When  heated,  it  explodes  almost  as  yiolently  as  the  nitrate.  Its  aqueous  solution 
treated  with  moist  cUoride  of  silyer  yields  the  hydrochlorate. 

The  6romoi>/a<t»a<«,2(C«H'BrN^HBr)Pt'W,is  obtained  by  precipitation  in  ruby- 
red  crystals;  wnen  heated  with  carbonttteof  sodium,  it  splits  up  as  shown  cy  the  equation : 

2((>H«BrN».HBr).PtBr«     »     2C^«Br*  +  Br«  +  N*  +  Pt 
Bromoplattnate.  Dtbromo- 

bCDsaoa. 

Perbromide  of  Aeobromophenylammonium,  C^^BrN^.Br',  is  obtained,  by 
treating  the  hydrobromate,  nitrate,  or  sulphate  with  excess  of  bromine-water,  as  an 
orange-coloured  crystalline  precipitate;  sometimes  also  in  the  preparation  of  the 
hydrobromate  from  aBobromodiphenyldiamine,  in  which  case  the  hyorobromate  may 
be  dissolyed  out  from  it  by  waslung  with  cold  water. 

The  perbromide  crystaUises  from  solution  in  a  small  quantity  of  cold  aleoh(4  in 
orange-coloured  monodinic  prisms,  insoluble  in  water,  freely  soluble  in  warm,  sparingly 
in  cold  alcohol,  yery  sparingly  in  cold  ether.  When  heated  alone  or  with  carbonate 
of  sodium  it  is  resoWed  into  dibromobenzene,  bromine  and  nitrogen : 

C^*BrN».Br«     -     C^*Br»  +  Br»  +  N>. 

It  is  also  conyerted  into  dibromobenzene  by  boiling  its  alcoholic  solution.      With 

aqueous  amnumia  it  yields  azobromophenylene-diamine,'       ^  ^[  |N*. 

Cra*Brl<r».Br»  +  4NH»     -     C«H*BrN»  +  8NH«Br. 

In  like  manner  with  etliylamine,  phenylamine,  &c,  it  yields  ethyl-  and  phenyl- 

asobromo-phenylene-diamine^  &C.  

Hydrochlorate  of  Aeohromophenylamine^  Oll"15rN*  HCl,  is  obtained  by 
decomposing  the  aqueous  hydrobromate  with  moist  chloride  of  silyer.  The  chloro- 
aurate^  G^'BrN'.HGLAuOl',  is  precipitated  by  auric  chloride  from  the  aqueous  nitmte 
as  a  ydlow  oil  which  soon  solidifies  to  a  crystalline  mass.  It  is  insoluble  in  water, 
but  dissolyes  in  warm  alcohol,  crystallising  ther^fom  in  small  golden-yellow  shining 
plates.  It  is  decomposed  by  sulphydric  acid  in  the  same  manner  as  the  gold-salt  of 
azophenylamine  (p.  480).  The  chloroplatinate,  2(C*H'BrN*.HCl)IV^Cl\  is  pre- 
cipitated by  platmic  chloride  from  the  nitrate  or  sulphate,  in  small  yellow  crystals 
which  appear  under  the  microscope  as  fractured  plates  and  are  almost  insoluble  in  any 
neutral  solyent  They  are  stable  at  100^.  Heated  with  carbonate  of  sodium  it  yields 
ehlorobromobenzene  according  to  the  equation : 

2(C«H«BrN«.HCl)J?tCl*     -     2Cra*BrCl  +   Pt  +  a«  +  N«. 

Nitrate,  C«H«BrN«J?HO*.— Prepared  as  aboye  described  (p.  486).  Crystallisps  m 
pure  white  scales  or  regular  rhombic  plates,  yery  soluble  in  water,  sparingly  soluble 
in  strong  alcohol,  almost  insoluble  in  ether.  It  explodes  when  heated,  struck,  or  pressed, 
but  not  so  yiolently  as  nitrate  of  azophenylamine.  When  boiled  with  water  it  is 
resolyed  into  bromophenic  acid,  nitric  acid,  and  free  nitrogen : 

CfBPBrN«.NflO»     +     H«0       «      OH'BrO     +     NHO»     +     N». 
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Boiled  with  alcohol,  it  yields  bromobenzeoe  and  probably  bzomodiiutzophemc  acid : 

2(Cra^rN*.NH0»)     +     (?H«0       -       C«H»Br    +    C^*Br(NO«)*0    +    C«HK) 
Nitrate  of  Asobromo-  Alcohol.  Bromobensene.       BroaukUnltropbenlc        Aldehyde. 

pbeDyUmine.  Acld. 

+      H«0      +      N«. 
With  ammonia,  it  fomu  asodibromodiphenyldiamine,  together  with  a  yellow  body: 

The  game  oomponnd  is  fonned  on  adding  a  concentrated  aqueous  solution  of  the  nitrate 
to  an  alcoholic  solution  of  bromaniline : 

C^«BrN«     +     C^«BrN       -      C"mBr«N»; 

yfi^  aniline,  the  nitrate  yields  aEobromodiphenyldiamine: 

(>H«BrN».NHO*     +     20^^^      -      C"H"BrN»     +     C^'N.NHO*, 

identical,  or  at  least  isomeric,  with  the  prodnct  obtained  by  the  action  of  bromaniline 
on  nitrate  of  azophenyhunine  (p.  432). 

The  aqneons  eolation  of  the  nitrate  mixed  with  oxybensamic  add  yields  azobromo- 
phenyl-pzybenzamic  acid,  CH^'BrNK)',  which  crystallises  from  ether  in  smaU 
roundish  lumps  of  small  needles  or  plates,  and  in  every  other  respect  is  similar  to 
azophenyl^ozybenzamic  add  (p.  433). 

Sulphate  of  Azobromophenylamine,  OH"BrN*.SHK)*,  obtained  by  the  action 
-of  sulphuric  add  on  the  nitrate,  cnrstalliBes  in  very  fine  colourless  prisms,  very  soluble 
in  water,  sparingly  soluble  in  alconol,  almost  insoluble  in  ether.  It  is  comparatively 
stable,  and  may  be  recrystallised  from  water,  without  the  slightest  decom^sition,  by 
evaporation  over  oil  of  vitrioL  It  explodes  by  heat  and  is  decomposed  by  boiling  waters 
When  heated  with  svlphurio  acid,  it  is  converted  into  a  sulpho-add,  probably  disul- 
phobromophenylenic  acid,  OH^r.2SH*0*. 

CoMPOTJin?s  OF  AzoBBOMOf  HBNTUkjgyB  WITH  Mbfallic  Htdbatbs. — The  potassium' 
compound,  "OH'BrN'.KHO,  is  prepared  and  purified  exactly  like  the  corresponding 
compound  of  azophenylamine,  from  which  it  differs  in  being  precipitated  from  ita 
alcoholic  solution  ^ether  as  a  white  gelatinous  mass,  and  not  in  crystals. 

The  silver-salt,  CfH'BrN'.AfHO,  is  an  almost  insoluble  predpitate,  very  similar  to 
the  corresponding  compound  of  azophenylamine  (p.  433). 

ABoOibromopben jlamlne  or  Diagodibromobenzene,  CH*Br'N'.  (G  r  i  e  s  s,  FhiL 
Trans.  1864  [3]  704). — The  nitrate  of  this  base  is  obtained  by  passing  a  rapid  current 
of  nitrous  add  into  aqueous  nitrate  of  dibromaniline  containing  fr«e  nitric  add,  then 
leaving  the  solution  to  evaporate  spontaneously,  dissolving  the  residue  in  weak  alcohol, 
and  predpitating  with  etner.  It  can  be  recrystallised  from  water  or  alcohol  by 
evaporation  below  the  boiling  points  of  the  respective  solutions.  The  aqueous  solution 
is  remarkably  stable,  not  being  completely  decomposed  even  by  several  hours  boiling. 
The  salt  crystallises  in  fine  wMte  needles  or  elongated  hexagonal  plates.  It  does  not 
detonate  so  violently  ss  the  nitrates  of  azophenylamine  and  azobromophenylamine. 

The  pw'brojidde^  O'H'Br'N'.Br',  produced  by  adding  bromine-water  to  the  aqueous 
nitrate,  is  predpitated  in  long  slender  needles.  By  boiling  with  alcohol,  it  yields 
tribromobenzene,    CH'Br'.      Aqueous    ammonia   converts  it  into   azodibromo- 

(C'HN'")'') 
phenylene-di^mine,  C«H^r*N» «      Br«       >N». 

H«        ) 

Theohloroplatmate,  2(C!^H'Br^*.HCl)Pt<*ClS  separates  on  adding  platinio  chloride 
to  the  hydrochlorate,  in  small  orange-coloured  oval  plates,  sparingly  soluble  in  water. 

3.  Chlorophenylamines, 

Monoebloraphaiijlamlnat  or  Cblonmlllne,  CH'CIN     »    ^^]P|k.— Of 

this  base  there  are  also  two  modifications,  analogous  to  a-  and  /3-bromaniline,  exhibiting 
corresponding  differences  of  physical  properties  and  produced  by  analogous  reactions. 
The  first  was  discovered  by  Hofmann  (Ann.  Ch.  Pharm.  liii.  1);  the  second  by 
Griess  (Phil.  Trans.  1864  [3]  713). 

PreparaHon  of  a^hloraniline. — 1.  Chlorisatin  is  distilled  with  potash-ley  or  hydrato 
of  potassium,  till  the  reddue  has  become  solid,  gives  off  ammonia  together  with  the 
hydrogen,  and  yields  a  blue  sublimate  and  a  brown  oil  which  no  longer  solidifies  on 
cooling.  The  solidified  oil  which  first  passed  over  is  then  collected  on  a  filter,  freed  from 
ammonia  by  water,  and  crystalUsed  from  boilins  alcohol  (Hofmann). — 2.  Gh]ozt>- 
phenyhicetamide,  (C*H«C1XC*H«0)HN  (obtained  by  the  action  of  chlorine  on  phenyl- 
aoetamide),  yields  by  distillation  with  potash,  a  large  quantity  of  chloraniline  (Mills). 
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3.  BV  the  action  of  siJphide  of  ammonium  on  /B-nitrochlorobeiizene  (p.  41 6)  (O  r  i  es  s). 
— 3-emoniniline  ia  obtained  by  the  action  of  aolphide  of  ammoniam  on  a-nitrochloro- 
benzene.    (Griess.) 

FrapertUa^ — Alpha-chlonuuline  czyitalliaea  in  octahedrons  having  a  diamond  Instvp, 
heaTier  than  water,  melting  between  64®  and  65®,  into  a  yellow  oil  which  solidifiee  at 
57^  in  large  octahedrona.  It  evaporates  even  at  ordinary  temperatoree,  bo  that 
hydrochloric  acid  held  orer  it  prodaoes  fbmes ;  may  be  easily  distilled  with  water ; 
boils  by  itself  at  a  temperature  above  200^,  and  with  some  decomposition,  so  that, 
together  with  the  oil,  the  above-mentioned  blue  product  passes  over.  It  has  an  agree- 
aUe  vinous  odour  and  an  aromatic  burning  taste  like  that  of  aniline ;  does  not  act 
upon  red  litmus  or  turmeric,  but  turns  dahlia  flowers  green. —/S-chloraniUne  ia  an  oil 
wnich  remains  liquid  at  common  temperatures. 

Chloraniline  (a  or  jS)  dissolves  sparingly  in  water,  the  boilins  solution  becoming  milky 
and  depositing  octahedral  crystals  in  cooling ;  soluble  in  wood-nirit^  in  alcohol  (readily 
when  hot),  in  ether  (which  abstracts  it  fn^m  the  aqueous  solution),  in  acetone,  and 
caaQy  in  sulphide  of  carbon ;  also  in  ot2f ,  both  fixed  and  volatile.  The  hot  saturated 
aqueous  solution  mixed  with  tincture  of  galls  forms  vellow  flakes  on  cooling. 

DecomjHmiion*, — 1.  CSiloraniline  burnt  with  a  brighti,  strongly  fiiliginous  flame, 
having  a  bright  green  border. — 2.  Chlorine  together  with  water,  converts  chlontniline, 
partly  into  trichKraniline,  partly  into  trichlorophenic  acid : 

cnsLKw    +    ca«     -     C^*a"N    +    2HCa; 
and: 

(yRHW   +   a*  +   HK)   -     c«H»a«o   +   na   +   nhkji. 

3.  Bromine,  either  anhydrous  or  hydrated,  decomposes  chloraniline,  with  great  evolu- 
tion of  heat|  forming  dibromochloraniline  and  hyorobromic  acid : 

C^«aN     +     Br*      -      C^«BrKnN     +     2HBr* 

4.  Heated  with  strong  m7rur  aeidt  it  begins  to  boil  and  continues  boiling  even  after  removal 
firom  the  fire ;  gives  off  nitrous  acid ;  and  yields,  first,  a  dark  red,  uien  a  black  opaque 
liquid,  and  afterwards,  as  the  heating  is  continued,  a  dear  scarlet  solution,  which  does 
not  precipitate  nitrate  of  silver,  and  on  cooling,  yield,  sometimes  golden  yellow  needles 
resembling  picric  acid,  and  probably  consisting  of  dinitrochlorophenic  acid  C'H^NO*)' 
CIO,  sometimes  a  resin,  which  is  precipitated  by  water  in  yeUow  flakei^  and  dissolves 
with  deep  yellow  colour  in  alkaDs,  alcohol  and  ether;  the  solution  of  this  resin  in 
alkalis  is  precipitated  by  adds,  and  its  ammoniacal  solution,  when  freed  from  excess  of 
ammonia  by  boiling,  predpitates  silver-solution  reddish-yellow,  sometimes  also  in  yellow 
crystalline  spangles. — 6.  The  aqueous  solution  of  chloraniline  acquires  a  very  fiiini 
violet  tint  when  treated  with  chloride  of  lime,— 6.  With  chlorate  qf  potassium  and 
hydrochloric  acid,  chloraniline  forms  a  violet-red,  then  a  turbid  brown,  and  ultimatelir 
a  colourless  liquid,  which  at  first  deposits  crystalline  perchloro<niinone,  together  with 
tri-  and  pentapchlorophenic  add  in  the  form  of  a  brown  viscid  substance  soluble  in 
alcohol,  but  after  decoloration  contains  nothing  but  perchhooquinone  and  salpammoniac ; 
the  same  reaction  therefore  as  with  aniline : 

(ySKW     +     a*    +     HK)      iP      O^HJiK)     +     1THH3I     +      HCl; 

TrichloroplMnle 
add. 

fturther: 

C^KJIN     +     a»    +     H«0      -      CmClH)      +     NH*a     +     3HC1; 

PentachloroplMnlc 
add. 

and: 

cra-dN  +   CF  +     o»    -    cKJio*      +   iraKa   +   2Ha 

Ferchloroqufoooe. 

7.  The  crystals,  immersed  in  aqueous  ckromie  add,  turn  brown  and  become  resinised; 
the  dry  mixture  takes  fire  at  the  melting  point  of  chloraniline. — 8,  Aqueous  chlorani 
line  imparts  to  ferric  salts  a  green  colour  by  deoxidation,  and  on  boiling,  deposits  a 
blackish-violet  product  soluble  in  alcohol.— 9.  When  the  vapour  is  passed  over  lime  at 
a  low  red  heat,  aniline  and  ammonia  pass  over,  a  large  quanUty  of  charcoal  is  separated, 
and  chloride  of  calcium  is  formed: 
2C!«H«C1N     +     OaO      -      CHTC     +     C*     +     CaCl«     +     NH«     +     HK). 

10.  Mdted  potassium  immersed  in  the  vapour  of  chloraniline,  forms  chloride  and 
cyanide  of  potassium,  with  vivid  incandescence  and  separation  of  a  large  quiuitity  of 
i»hi^iwM^l.   On  the  other  hand,  potassium-amalgam,  with  water,  reduces  chloraniline  to 
aniline.   (Hofmann,  Ann.  Ch.  Pharm.  IxviL  76.) 
CUoraniline  ia  not  so  strong  a  base  as  aniline;  it  does  not  preapitate  sulphate  of 
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alaminiam  or  ferrous,  ferric,  or  zinc  stdts ;  it  expels  ammonia  from  ammoniaeal  salts 
when  heated  with  them,  but  is  itself  precipitated  by  ammonia  from  its  hydrochloric 
acid  solution,  and  neutralises  acids  but  imperfectly.  Its  salts  mostly  crystallise  readily, 
and,  in  consequence  of  their  sparing  solubility,  are  generally  precipitated  on  mixing  an 
acid  with  alcoholic  chloraniline,  in  the  form  of  a  crystalline  pulp,  which  may  be  punfied 
by  recrystaUisation  from  boiling  wat«r  or  alcohoL  They  are  mostly  colourless  or 
yellowish  in  mass,  and  violet  when  they  contain  excess  of  acid ;  they  redden  litmus 
even  when  completely  saturated  with  the  base.  Like  the  aniline-salts,  they  impart  a 
deep  yellow  colour  to  firwood  and  elder-pith,  but  with  chloride  of  lime  they  assume 
only  a  rery  fisunt  violet  tinf^  changing  afterwards  to  orange-yellow.  They  are  imme- 
diately decomposed  by  alkalis ;  abo  by  alkaUne  carbonates,  with  evolution  of  earbonie 
acid,  inasmuch  aa  that  add  does  not  combine  with  chloraniline. 

Hydrochlorate  of  Chloraniline,  CfH*ClN.HCL — ^Hydrochloric  add  saturated  at  a 
boiling  heat  with  chloraniline,  yields  on  cooling  large  crystals,  which  may  be  stiU 
further  developed  by  slow  evaporation  of  their  aqueous  solution  over  oil  of  vitriol. 
They  have  the  same  form  as  hydrochlorate  of  bromaniline.  They  are  permanent 
in  the  air,  become  opaque  when  warmed,  and  sublime  undecemposed  when  cautiously 
raised  to  a  higher  temperature,  whereas  sudden  heating  decomposes  them,  with 
formation  of  a  violet  vapour.  The  chloroplatinaU  of  a-cMoraniline^  2CH*C1N.H'C1*. 
Pt'^Cl^  separates  on  mixing  a  cold  solution  of  the  hydrochlorate  with  platinic  chloride, 
as  a  beautiful  orange-coloured  predpitate,  and  a  hot  mixture  of  the  two  salts  solidifies 
on  cooling  to  a  pulp  of  crystalline  UminBe ;  the  salt,  when  exposed  to  light,  beoomes 
covered  with  a  violet  film.    (H o f  ma  n  n.) 

ChloroplatinaU  of  Chloraniline  forms  yellow  crystals  differing  considerably  in  fona 
and  solubility  from  those  of  the  o-salt.     (Griess.) 

The  aqueous  solution  of  chloraniline  forms  a  red-brown  predpitate  with  trichloride 
of  gold  and  an  orange-coloured  precipitate  with  chloride  of  palladium.  The  cold 
aqueous  solution  of  chloraniline  immediately  forms  a  white  precipitate  with  mercurio 
chloride;  the  hot  mixture  solidifies  after  a  while  into  a  magma  of  needle-shaped 
crystals.  A  mixture  of  the  aqueous  solutions  of  chloraniline  and  stannous  chloride 
quickly  solidifies  to  a  silver-shining  crystalline  mass. 

Nitrate  of  Chloraniline, — The  solution  of  chloraniline  in  warm  dilute  nitric  add 
becomes  filled,  as-  it  cools,  with  laiee  crrstalline  lamiuie,  mostly  of  a  reddish  colour. 
These  crystals,  which  cannot  be  subUmed  without  decomposition,  melt  when  heated  in 
a  tube,  into  a  dark-coloured  mass,  which  dissolves  with  splendid  violet  colour  in  alcohol, 
while  part  of  the  salt  crystallises  out  undecomposed.  The  salt  dissolves  pretty  readily 
in  water  and  alcohoL 

(CK>*y  ) 

Oxalate  (acid)  of  Chloraniline,  O'B.HJi}S,C*B}0*JaLH>   =  C«H»C1N  V  0«JPO.— The 

H  3 
solution  of  chloraniline  in  the  warm  aqueous  add  yields,  on  oooUng,  crystals,  which, 
when  reerystallised  from  boiling  water,  form  prisms  made  up  of  smaller  ones  joined 
together.  They  have  a  sweetish  burning  taste,  and  dissolve  sparingly  in  water  and 
alcohol ;  the  aqueous  solution  becomes  coloured  on  exposure  to  the  air  and  depositii  a 
red  powder.  It  does  not  appear  possible  to  obtain  a  neutral  oxalate  of  chloraniline  in 
the  crystalline  state. 

Phosphate  of  Chloraniline,^-AlcohoUe  chloraniHne  solidifies  with  aqueous  phosphoric 
add  into  a  magma  of  crystalline  laminse^  which  dissolve  pretty  readily  in  water  and 
alcohoL 

Sulphate  of  Chloranaine,  (C^«CIN)*.H*SCM  «  (C«H'CIN)"S04.— The  white  crystal- 
line  magma,  into  which  alcoholic  chloraniline  solidifies  when  mixed  with  a  small 
quantity  of  acid,  yields,  when  dissolved  in  boiling  water,  confused  violet-white  laminae, 
and  when  dissolved  in  boiling  alcohol,  silvery  needles  arranged  in  stellate  groups. 
The  crystals  when  heated  give  off  a  small  quantity  of  chloranOine,  then  blacken,  and 
evolve  sulphurous  acid.    They  are  less  soluble  in  alcohol  than  in  water. 

Aqueous  sulphate  of  copper,  which  is  not  precipitated  by  aqueous  chloraniline,  soon 
becomes  decolorised  by  boiling  with  crystalline  chloraniline,  and  deposits  a  bronze- 
coloured  crystalline  mass,  which  is  insoluble  in  water,  and  dissolves  but  sparingly  in 
boiling  alcohol,  whence  it  crystallises  in  spangles  on  cooling;  probably  a  double 
sulphate  of  chloraniline  and  copper. 

BleblonuUllae,  G«H'C1>N  =       ga     |.N.    (Hofmann,  Ann.  Ch.  Pharm.  lui. 

33  and  67. — Griess,  ibid.  cxii,2bl .) — ^Hofmann,  by  distilling  dichlorisatin  still  con- 
taining monochlorisatin  with  potash,  obtained  long  prisms  consisting  of  dichloraniline 
mixed  with  a  small  quantity  of  the  monochlorinated  base.  Dichloraniline  is  how- 
ever more  easily  prepared  by  passing  chlorine  into  phenylacetamide  till  the  mass  becomes 
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rather  floft^  and  distiUuig  the  resulting  dichlorophenyl-aoetamide  with  potash.  It  may 
be  purified  in  the  same  manner  as  dibromaniline  (Griess).  It  dystallises  in  white 
needles  nea^  insoluble  in  water,  easily  soluble  in  alookol  and  ether.  The  plattnum- 
salt,  2C^H:di*N.H*Cl*J>ti'a*,  forms  yellow  needles  easUy  decomposed  by  hot  water. 
(Griess.) 

TricbloiropHenylftinliie  or  TllttlilonuitlSiie.  (Erdmann,  J.  pr.  Chem.  zix. 
331,  zxT.  472. — Hofmann,  Ann.  Ch.  Pharm.  liii.  35.) — This  compound  (the  ehlorin^ 
datndt  of  Erdmanui  who,  however,  OTcrlooked  the  nitrogen  contained  in  itl  dis- 
tils orer,  together  with  trichlorophenic  add,  in  the  preparation  of  the  latter  by  the 
action  of  cUorine  on  indigo  (p.  898)  (Erdmann).  It  is  also  produced,  together 
with  trichlorophenic  add,  by  the  action  of  chlorine  on  aniline  or  monochloraniline ;  and 
when  this  mixture  is  distilled  with  potash-ley  into  a  well-cooled  receiver,  the  tiichlor- 
aniline  passes  over  in  needles  floatinjg  on  the  water,  and  as  an  oil  which  solidifies  in 
the  czystalline  fonn.    (H  o  f  m  an  n.) 

It  crystallises  in  delicate,  white,  yezy  fingUe  needles  and  laminae,  easily  meltine  into 
a  colourless  oil  which  oystallises  on  cooling;  it  is  yolatile  and  neutral,  and  has  a 
peculiar  odour.    (Erdmann,  Hofmann.) 

It  dissolyes  sparingly  in  cold,  more  freely  in  boiling  VHtter;  readily  in  alcohol  taid 
ether  ;  does  not  combme  cither  with  acids  or  with  alkalis. 

With  nitric  acid  it  evolyes  nitrous  fumes  and  forms  a  yellow  solotion  which  turns 
red  when  mixed  with  potash  (Erdmann). — The  vapour  passed  over  heated  soda^ 
lime,  yields  a  large  quantity  of  ammonia,  and  when  passed  over  melted  potassium,  it 
yields  a  laise  quantity  of  cyanide  of  potassium  (Hofmann). — It  is  not  decomposed 
by  distillation  with  potash-ley.    (Erdmann,  Hofmann.) 

dUorodmrwnairiHiia,  (yH«ClBr»N  ■    ^'^■|^i;^'^|N.    (Hofmann,  Ann.  Ch. 

Fharm.  liii.  88.) 

Preparation.^^1.  Crystalline  chloraniline  treated  with  anhydrous  bromine  becomes 
yeiy  hot  and  giyes  off  a  large  quantity  of  hydrobzomic  add,  assumes  a  violet  colour, 
and  is  converted,  after  it  no  longer  al»orbs  bromine  eyen  when  melted,  into  chlorodi- 
bromaniline,  which  solidifies  on  cooling,  and  must  be  washed  with  cold  water  and  re- 
czystallised  from  alcohoL — 2.  When  the  whitish  predpitate  which  bromine-water 
forms  in  an  aqueous  solution  of  a  salt  of  chloraniline,  is  dissolyed  in  hot  alcohol,  a  pale 
violet  solution  is  obtained  which  yields  needle-shaped  crystals. 

Properties,— 'White  prisms,  often  with  a  tinge  of  red.  They  melt  in  hot  water, 
forming  a  brown  oil,  which  volatilises  with  the  vapour  of  boiling  water  and  sublimes 
in  shining  needles.  Insoluble  in  water,  soluble  in  alcohol  and  ether ;  decomposed  by 
stronff  nitric  add. 

It  does  not  exhibit  the  characters  of  a  salifiable  base ;  it  dissolyes  indeed,  with  yiolet 
colour,  in  oil  of  vitriol,  but  is  predpitated  therefrom  by  water;  dissolves  also  in  hot 
strong;  l^droehlorie  acid,  but  the  greater  part  of  it  separates  on  cooling,  and  the  rest  on 
addition  of  water. 

It  dissolves  without  alteration  in  warm  a^nmonia  and  potash  ;  does  not  form  com- 
pounds with  chloride  of  mercury  or  tetrachloride  of  platinum. 

:    Azodliloroplieiiytoiiiliie  or  Diaeoehloroberufcne,  C«H*CIN^  =    ^^^^  )  |k. 

(Griess,  PhiL  Trans.  1864  [8]  705.)— The  nitrate  of  this  base,  prenared  like  that  of 
asobromophenylamine  (p.  437),  oystaUises  in  small  white  plates  which,  when  boiled 
with  water,  yield  chlorophenoL 

The  perhromide,  C*fl*ClN*.  Br»,  forms  yellow  prisms  which  are  decomposed  by  boiling 
alcohol,  yid,ding  bromochlorobenzene,  isomeric  or  identical  with  that  obtained  from 
the  chloroplatinate  of  azol»omophenylamiae  (p.  436).  When  decomposed  by  am- 
monia, it  yields  asochlorophenylene-diamine  or  diasochlorobenzoylimide^ 
C^«C1N». 

The  chloroplatinate,  2(C*H>ClN*.HCL\Pt^*Cl«,  forms  fine  yellow  needles  which,  when 
heated  with  carbonate  of  sodium,  yield  dichlorobenzene. 

Azochlorophenylamine  predpitated  by  acetic  add  from  its  compound  with  hydrate  of 
potassium,  is  a  lemon-yellow  explodve  powder. 

AxodlehloroplieiijlAmiiie  or  Diasodichhrobenzene,  C^'Cl'K*.  (Griess,  ^. 
cit.y—The  nitrate  forms  white  plates.  The  perbromide,  C^"Cl«N«.Br»,  crystallises 
in  yeUow  prisms ;  the  chloroplatinate,  2(C«flH)lW  J[a).Pt«^Cl\  in  smaU,  yeUow,  yery 
brilliant  plates. 

4.  Cyanophenylamines, 
GyaalUde  or  CyanlUne,  C'H«N«  =  ^^1^^|n.      (Cahours    and    Cloea, 
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Compt  rend,  zxxviii  38,  856.) — When  pore  and  very  dry  gaseous  chloride  otaywun 
Ojgen  is  passed  into  a  solution  of  aniline  in  anhydrons  ether  cooled  with  ioe,  a  oystal- 
line  deposit  is  formed,  consisting  of  hydrochlorate  of  aniline,  which  oontinnally 
increases;  and  the  filtrate  evaporated  over  the  water-bath,  leaves  cyanilide  in  tib0 
form  of  a  viscid  mass  which  solidifies  as  it  cools.  It  is  a  reddish  snbetanoe  asMHMng 
colophonv  in  friability,  c(Hiohoidal  fracture  and  translucenoe.  It  is  conpletely  de- 
composed by  heat^  yielding  various  products.  Its  alcoholic  jfifation  mixed  with  hvdro- 
chlorate  of  aniline  and  evaporated  for  some  tiiiif  w  liM  wntni  bnth.  yields  ctystallised 
hydrochlorate  of  melaniline : 

MeUoillne. 

Cyanilide  is  insoluble  in  water,  but  dissolves  readily  in  alcohol  and  ether.  Water 
added  to  the  alcoholic  or  ethereal  solution,  immediately  separates  a  viscous  substance 
which  gpradually  becomes  crystalline. 

Compound  of  CyanUide  with  Chloride  of  Cyanogen :  CHLOBOCTAinuDB,  C**H>'N'C1 
»  2CrH'N*CXGl.  (Laurent^  Ann.  Ch.  Phys.  [31  zzii.  97.)-''When  solid  chloride 
of  cyanogen  in  the  state  of  powder  is  gradually  introduced  into  a  flask  containing  ani- 
line dissolved  in  lukewarm  water  and  the  requisite  quantity  of  alcohol,  ehlorocyanilide 
falls  down  as  a  white  powder,-  which  must  be  washed  with  water  and  alcohol  succes- 
sively, after  the  liquid  which  contains  the  hydrochlorate  of  aniline  has  been  decanted : 

4(?H»N     +     C«N«C1«     -     C"H>«N*a     +     2(C«a:'N.HCl). 

Its  formation  is  similBr  therefore  to  that  of  cMorocyanamide,  2CH'N'.CNCly  by  the 
action  of  ammonia  on  solid  chloride  of  cyanogen. 

ehlorocyanilide  erystallises  from  alcohol  on  cooling  in  white,  highly  lustrous,  some- 
what edongated  laminae,  and  after  fusion  in  radiating  needles.  Not  volatile  without 
decomposition. 

When  heated  somewhat  above  its  melting  point,  it  gives  ofiT  ITS  per  cent  of  hydro- 
chloric  acid,  beoomin|r  less  fluid,  and  ultimately  leaves  a  greenish,  transparent^  vesi- 
cular residue,  containing  CH^'N*.  It  dissolves  slowly  in  boiling /K>to«A,  and  on  neutral'* 
isiDg  the  cooled  solution  with  nitric  add,  a  white  flocculent  precipitate  is  obtained, 
which  is  insoluble  in  ammonia,  but  dissolves  in  hot  weak  nitnc  acid,  separates  in  the 
form  of  a  jelly  on  cooling,  and  contains  62*6  per  oentv  carbon,  and  4*6  hydrogen 
(Lauren tX  Laurent  regards  this  substance  as  phenyl-ammeline,  G>*N*H*'0  er 
C'H*(CH^)^'0  (which  however  requires  2  per  cent,  more  carbon),  and  represents  its 
formula  by  the  equation : 

C»»H»«N»a     +     KHO      »      C»»H»«N»0     +     Ka 

The  subject  requires  fiuther  investigation. 

C?y«naii1Hne,  C'H'N*  or  rather  C"H»<N«  -  C"H»^«Cy«  (Hofmann,  Chem. 
Soc  Qu.  J.  i.  160;  ii.  300;  Ann.  Ch.  Pharm.  Izvi.  129;  Izziii.  180.)--This  substance, 
though  not  a  substitution-product  of  aniline,  but  a  compound  of  aniline  and  cyanogen 
formed  by  direct  union,  without  elimination  of  hydrogen,  may  be  conveniently  de- 
scribed in  this  place. 

To  prepare  it,  cyanogen  gas  is  passed  through  a  solution  of  aniline  in  a  six-fold 
quantity  of  alcohol,  till  the  liquid  smells  strongly  of  it,  but  not  longer ;  and  the  re- 
sulting crystals  are  freed  from  the  mother-liquor,  which  colours  them  reddish-yellow, 
either  by  repeated  washing  with  cold  alcohol,  or  by  washing  them  twice  with  that 
liquid,  and  snbsequentiy  dissolving  them  in  dilute  sulphuric  acid,  filtering  from  a  red 
crysteJline  powder,  precipitating  the  pale  yellow  filtrate  by  ammonia,  and  crystallising 
the  pale  yellow  pulverulent  precipitate  once,  twice  or  three  times  from  a  large  quantity 
of  boiling  alcohol,  till  colourless  laminae  are  obtained. 

Cyananiline  crystallises  in  colourless,  silvery,  iridescent  laminn^  which  do  not  vola- 
tilise without  decomposition,  even  in  company  with  vapour  of  water ;  they  melt  be- 
tween 210®  and  220^,  and  solidify  in  the  crystalline  form  on  cooling;  they  are  heavier 
than  water ;  inodorous,  tasteless  and  neutral.  The  add  solutions  of  this  base  do  not 
colour  firwood  yellow ;  neither  do  they  turn  blue  in  contact  with  chloride  of  lime,  or 
give  the  predpitates  of  aniline  with  chromic  add.  It  is  insoluble  in  footer^  and  only 
slightly  soluble  in  exdphide  of  carbon^  wood-epiritj  alcohol,  ether,  beneene  and  oUe, 
whether  fixed  or  volatile. 

DecomwmtUms. — 1 .  Cyananiline  at  a  temperature  a  little  above  its  melting  point,  turns 
brown,  chars,  and  gives  off  aniline  together  with  hydrocyanate  of  ammonia. — 2.  Bro^ 
mine  becomes  strongly  heated  in  contact  with  cyananiline,  and  perhaps  forms  at  first, 
bromocyananiline,  which  however  is  ultimately  converted  into  tribromaniline. — 3.  The 
.violet  solution  of  c^'ananiUne  moil  of  vitriol  gives  off,  when  slightly  heated,  a  mixture 
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of  carbonic  anhydride  and  carbonic  oxido,  which  latter  is  more  and  more  replaced  br 
sulphurous  acid  as  the  heat  inereases ;  and  the  liquid  on  cooling  solidifies  in  a  cacystaT- 
line  mass  consisting  of  sulphate  of  ammonium  and  phenyl-snlplmnuc  acid : . 

C"H'*N*  +  «H«80*  +    HK)      -      2  I    (S0«)*  >g      +  (im*)«SO*  +  CO  +  00«. 

4.  The  solution  in  dilate  kydrocMorie  (or  dilate  soiphuric)  acid  soon  awumee  a  deep 
jeUow  colour,  and  when  eraporated  oyer  the  water-bath,  gives  off  an  odoor  of  ^henylic 
cyvMl^  CH*.CNO  (ii.  196),  and  leaves  a  white  erystaJiine  mass,  from  which  sal- 
ammoniae  aad  kydneUomte  of  aniline  are  extracted  by  cold  water,  and  afterwards 
ozamide  and  phenyl-ozBamde  hw  haSia^  watni',  whilst  diphenyl-ozamide  is  left  un- 
dissolTed  in  quantity  equal  to  that  of  the  oxamide  aad  Urn  jihijl  i  ■■■■!■■  it  Ihm 
case,  two  decompositions  appear  to  take  place  simultaneously : 

(CK)«)') 

(1)  C>«H«W     +     2HK)     +    ma      a      2NHH}1     +     (C«H»)»VN« 

H«    3 

Dlpbenjloxamlde. 

(2)  C««H»W     +     2H«0     +     2Ha      »     ^^*^1n«     +     2CHWCL 

Oumide.  Bydrochlonite 

ofaniUjM 

At  the  moment  of  fbrmation  (but  not  afterwards)  the  oxamide  and  diphenyl-oxamide 
are  partly  oonverted  into  phenyloxamide : 

C«H*N«0«     +     C»*H»*N«0«      =      2Cra«N»0» 

Cold  dilute  acids  graduallT  eliminate  aniline  and  give  off  the  odour  of  phenyliccyaoate. 
^-6,  Cyananiline  is  not  altered  by  boiling  aqueous  or  alcoholic  potash,  but  hjjsotatno 
hydrate  in  the  state  of  fusion,  it  is  conyerted  into  ammonia,  aniline,  hydrogen  gas^  and 
carbonate  of  potassium : 

Ci«H»^*  +  4KH0  +   2H«0     «     2NH»  +   2C«H^  +  H«  +  2K«C0«. 

Salts  of  CrAMAKtuini. — ^These  salts  are  formed  by  direct  combination  of  the  add 
and  base,  and  must  be  brought  to  the  solid  state  as  quickly  as  possible,  before  they 
decompose.  They  are  not  produced  by  passing  cyanogen  gas  through  alcoholic  solu- 
tions of  aniline-salts.  According  to  the  formida  C*^H'*N^,  they  must  be  regarded  at 
diacid  salts. 

Hydrobromaie,  Cl^H'^\2HBr. — Cyananiline  is  dissolved  in  boiling  dilute  hydxo- 
bromic  acid,  and  the  filtrate  immediately  mixed  with  an  equal  quantity  of  concentrated 
hydrobromic  add,  which  separates  ciystalB,  to  be  washed,  first  with  concentrated 
hydrobromic  add,  then  with  ether.    The  salt  is  verv  much  like  the  following;. 

Hydroehlorate,  C'^H*^^2HC1. — The  yellow  solution  of  cyananiline  in  boiling 
dilute  hydrochloric  add,  is  filtered  hot  and  immediately  mixed  with  an  equal  quantity 
of  fuming  hydrochloric  add,  which  decolorises  it,  and  soon  causes  the  separation  of 
a  large  quantity  of  colourless  crystals,  which  must  be  washed  with  hydrochloric  add 
and  then  with  ether.  These  crystals  have  a  very  sweet  taste,  and  are  permanent  when 
dry,  but  decompose  in  the  moist  state,  becoming  at  the  same  time  insoluble  in  water. 
Their  aqueous  solution  yields  by  evaporation,  the  same  products  of  decomposition 
as  the  dnect  solution  of  cyananUine  in.dilate  hydrochloric  add  (vid,  sup,).  Aniline 
added  to  the  aqueous  solution  of  the  crystals,  predpitates  the  cyananiline  as  the  weaker 
base,  and  adds  throw  down  the  crystals  in  tneir  original  state.  The  crystals  dissolve 
with  great  fadli^  in  water  and  in  alcohol  The  chUmhauraU,  C"H>'N<.2(HCLAua'), 
is  an  orange-coloured  predpitate  obtained  by  adding  auric  chloride  to  a  solution  of 
cyananiline  in  alcohol  or  hydrochloric  add.  The  chlaroplatinate,  C"H'*N*.2HCLPt»'Cl*, 
is  predpitated  on  mixing  a  moderately  concentrated  solution  of  cyananiline  in  hydro- 
chloric add  saturated  at  the  boiling  heat,  with  a  concentrated  solution  of  platinio 
diloride,  and  leaving  the  liquid  to  cooL  It  forms  beautiful  orange-coloured  needles 
which  are  soluble  in  water  and  alcohol,  but  cannot  be  recrystallised  from  those  liquids, 
the  solutions  yielding  nothing  but  chloroplatinate  of  aniline  and  chloroplatinate  of 
ammonium. 

Hydriodate  of  CyananUine  resembles  the  hydrochlorate  and  hydrobromate,  but 
decomposes  quickly  on  exposure  to  the  air,  with  separation  of  iodine. 

Nitrate,  C'*H**2!^.2HNO'. — Cyananiline  dissolves  easily  in  boiling  dilute  nitric  add, 
and  the  solution  on  cooling  deposits  the  nitrate  in  white  needles  which  may  be  re- 
crystaUised  from  boilinff  water.  It  is  but  slightly  soluble  in  cold  water,  still  less  in 
alcohol  and  ether.    It  rorms  a  crystallisable  double  salt  with  nitrate  of  silver. 

The  oxalate  and  sulphaie  are  very  solnble,  and  their  solutions  decompose  during 
evaporation. 
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5.  Iodophenylam%n$9. 

IKono-dodopheBylaiBliie  or  lotfftntllne,  CH'IN  m      m  V^*    (Hofmann, 

Ann.  Ch.  Fhaim.  Ixvii.  64.) — To  prepare  this  compound,  1(  pi.  of  iodine  is  gradoally 
dissolved  in  1  pt.  of  aniline ;  the  solution  is  mixed  with  hydrochloric  acid  of  specific 
gravity  1*11  (a  stronger  acid  would  separate  hjdrochlorate  of  aniline) ;  the  solution  of 
hvdrochlorate  of  aniline,  hydriodio  acid,  &c.,  is  separated  by  filtration  from  the  pre- 
cipitated and  still  stronglv  coloured  hydrochlorate  of  iodaniline,  which  is  sparingly 
soluble  in  water ;  the  precipitate  is  washed  several  times  with  hydrochloric  acid,  and 
crystallised  several  times  from  boiUns  water,  at  last  after  boiling  with  animal  charcoal, 
till  the  crystals,  which  are  at  first  ruby-coloured  and  contain  ir^  iodine,  together  with 
a  brown  induretted  decomposition-product  of  aniline,  are  completely  decolorised;  and 
the  iodaniline  is  precipitated  from  their  aqueous  solution  by  ammonia,  as  a  white  crys- 
talline powder,  which — ^in  order  to  free  it  from  anv  of  the  vellowish  decomposition- 
product  and  phosphate  of  calcium  fsom  the  animal  diarooal,  that  may  still  adhere  to  it 
— is  dissolved  in  alcohol,  filtered  from  the  yellowish  product,  and  precipitated  by  water 
in  the  form  of  a  white  crystalline  mass.  The  liquid  filtered  therefrom  yields  by 
evaporation  yellowish  oily  drops  which  crystallise  on  cooling. 

Properties, — White  crystalline  powder,  which  cirstallises  fr^m  solution  in  prisms 
and  needles,  never  in  octahedrons ;  the  mass  solidified  from  cooling  also  never  ex- 
hibits the  cleava^-&ces  of  the  octahedron.  It  is  heavier  than  water.  Melts  at  60^, 
forming  a  yellowish  oil,  and  at  the  moment  of  solidification,  shows  a  temperature  of 
51^,  but  sometimes  remains  liquid  even  at  the  ordinary  temperature,  in  which  case^ 
contact  with  a  elass  rod  often  causes  it  to  solidify  suddenly  in  a  crystalline  mass. 
When  evaporated  at  a  rather  strong  heat,  it  volatilises  undecompoiied,  and  easily 
distils  over  even  with  vapour  of  water.  It  has  a  vinous  odour  and  a  burning  aromatic 
taste;  no  action  on  vegetable  colours.  like  aniline^  it  imparts  a  deep  yel£>w  colour 
to  firwood.and  elder-pith ;  but  chloride  of  lime  colours  it,  not  violet  but  reddish.  The 
vapour  bums  with  a  bright  sooty  flame. 

Iodaniline  dissolves  very  spanngly  in  cold  wateTf  and  crystaUises  from  boiling  water 
in  interlaced  hairs.  It  dissolves  in  sidphide  of  carbofiy  also  in  alcohol,  ether,  wood" 
epirit,  acetone,  and  oils  both  fixed  and  volatile. 

Decompositions, — 1.  In  contact  with  the  air,  iodaniline  becomes  quickly  covered 
with  a  brown,  metallically  Itxstrous  film,  and  gradually  assumes  a  black  colour  extend- 
ing throughout  the  whole  mass. — 2.  Chlorine  decomposes  iodaniline  into  trichlor- 
aniline,  tnchlorophenic  acid  (as  with  aniline,  p.  424),  and  chloride  of  iodine. — 3.  With 
bromine,  alcoholic  iodaniline  solidifies  in  the  form  of  crystalline  tribromaniline,  while 
all  the  iodine  is  set  free  as  bromide  of  iodine. — 4.  Chlorate  of  potassium  with  hydrO' 
chlorie  acid  forms,  as  with  aniline,  trichlorophenic  add  and  percnioroquinone. — 5.  With 
strong  boiling  nitric  acid,  iodaniline  forms,  with  brisk  action  and  evolution  of  iodine- 
vapour,  a  solution  from  which  picric  add  ciTStallises  on  cooling. — 6.  Crystallised 
chromic  acid  decomposes  iodaniline*  with  violence,  but  does  not  set  it  on  fire. — 

7.  Gently  heated  potassium  decomposes  iodaniline  with  violence,  forming  iodide  and 
cyanide  of  potassium. — PotassiuTn-amalffam  introduced  into  aqueous  mtrate  of  iodan- 
iline, immediately  forms  iodide  of  potassium,  and  reproduces  a  small  quantity  of 
aniline,  whilst  the  greater  portion  is  converted  into  a  yellow  crystalliDe  substance 
having  an  aromatic  odour.  Zinc  immersed  in  iodaniline  supersaturated  with  sulphuric 
add,  eliminates  iodine  and  aniline,  so  that  after  a  few  minutes  the  liquid  forms  a  blue 
colour  with  starch,  and  after  saturation  with  potash,  gives  up  aniline  to  ether. — 

8.  When  chloride  of  cyanogen  is  passed  through  iodaniline  dissolved  in  ether,  hydro- 
chlorate  of  iodaniline  is  first  precipitated  but  afterwards  disappears,  and  the  iodaniline 
is  converted  into  a  transparent,  slowly  czystallising  resin,  which  is  a  mixture  of 
hydrochlorate  of  di-iodomelaniline  and  lodophenyl-carbamide.  Formation  of  hydro- 
chlorate  of  di-iodomdaniline : 

2C«H«NI  +  CNCl    «    C>«H»I«N».HC1. 
Formation  of  iodophenylcarbamide  and  hydrochlorate  of  iodaniline : 

20«H«NI  +  CNCa  +  H«0     -     (CO)''(C«H«I)H»N«  +  C*H«IN.HCL 

Salts  of  Iodaitilinb. — These  salts  crystallise  with  the  same  fEtdlity  as  the  aniline 
salts,  but  are  less  soluble.  Iodaniline  is  a  weaker  base  than  aniline,  and  is  separated 
by  the  latter  from  the  solutions  of  its  salts.  It  predpitates  the  salts  of  alumiuium, 
but  does  not  decompose  ferric  or  zinc  salts.  With  sulphate  of  copper  it  forms  a  yellow 
precipitate. 

Hydrdbromate  of  IcdaniHne  exactly  resembles  the  hydrochlorate. 

The  hydrochlorate,  OH'IN.HCl,  is  sparingly  soluble  in  cold  water,  and  its  aqueous 
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Bolntion  18  almost  estirely  precipitated  by  bydrochloric  acid.  It  cryBtallises  from 
boiUng  water  in  luge  thin  laminae  or  needles  solable  in  alcohol,  insoluble  in  ether. 
The  <Moroaurate  is  an  unstable  scarlet  precipitate  formed  on  mixing  the  solutions  of 
aoric  chloride  and  hydrochlorate  of  iodaniline.  The  ekioroplaHnaie,  2CH*IN.H'C1^ 
Pt*^Gl^  is  an  orang»^ooloured  eryBtalline  precipitate. 

Hydriodate  of  lodanUiiu  forms  a  radiate  mass  much  more  soluble  than  the  hydro- 
bromate  and  hydrochlorate,  and  easily  deoomposible. 

The  nitrate  crystallises  from  water  in  beautiful  eapillaiy  needles  of  great  length.  It 
is  more  soluble  than  the  preceding  salts,  especially  in  boiUng  water ;  rery  soluble  also 
in  alcohol  and  ether.     Its  solotion  is  not  precipitated  by  nitrate  of  silver. 

The  oiMiats,  2C«H«IN.C?H»0«  -  (C«0«)7O'H«IN)«0*  cxystallises  in  long  flattened 
needles,  sparingly  soluble  in  water  and  in  slcobol,  insoluble  in  ether. 

The  9ulpkate,  2C«H*IN.SH*0«  »  ((>H^IN)^SO«,  oystallises  in  shining  scales.  The 
aqueous  solution  appears  to  be  decomposed  by  boiling;  at  all  events,  on  attempting  to 
lecrystallise  it  after  boiling  a  portion  of  the  salt  always  remains  insoluble. 

AaoHlodoplMayUuBlBe.  C'H^IN'  -  (^''^j^'')  |  ^^  Diazo-iodobenzene.  (Griess. 

PhiL  Trans.  1864  [3]  706.) — This  base  and  its  salts  are  obtained  by  processes  exactly 
similar  to  those  employed  for  the  operation  of  the  correspon<u^  bromine-com- 
pounds (p.  436).  Azoiodophenylamine  in  the  free  state  is  a  ^yellow  explosive  pre- 
cipitate. The  nitrate^  CfH'IN'.NHO^aystaUises  in  white  prisms  or  needles,  very 
soluble  in  water. — The  sulphate^  OH*lrf*.SH'0*,  in  small  plates  easily  soluble  in 
water,  sparingly  soluble  in  alcohol— The  chlorapUOinate,  (C*H*IN*.HCl).Pt'*Cl«,  in 
bright  yellow  dusters  of  needles. — The  perbromide  of  azo^dophenylammonium, 
C*H*IN*.Br',  forms  small  yellow  plates.  With  boiling  alcohol  it  yields  bromo-iodo- 
benzene,  C'H^Brl;  and  with  aqueous  ammonia  it  forms  aso-iodophenylene* 

diamine,  ^^^^P'|N*,or  diazo-iodobenxolimide,  (^^'^^^JN. 

6.  Nitrophenylaminet. 
BlmiOBttroplieByUuBliie  or  WItnuilliiie.    G^^NO*)N  »  ^^^^^*)tN.— 

(Hofmann  and  Muspratt»  Ann.  Ch.  Pharm.  Ivii.  204. — E.  Arppe,  ibid.  xc.  147 ; 
xciii  157). — Of  this  base  there  are  two  isomeric  modifications,  the  one  called  alpha- 
nitraniline(orby  Arppe,  paranitraniiine),  obtained  by  reducing  dinitrobenzene  with 
sulphydric  add  (Hofmann  and  Muspratt);  the  other  called  beta-nitraniline* 
{nitraniline  of  Arppe\  produced  by  the  decomposition  of  nitro-phenyl-paratartrimide 
(Arppe),  or  of  nitrophenyl-acetamide  or  nitrophenyl-snodnamide  under  the  iofluence 
of  alkalis  (Hofmann,  Proc  Koy.  Soe. 


C^*(NO«)«  + 
Dinltrobeotene. 


3H*S    « 


C^WO«)(„ 
(OHK)*)"  ( " 

K  itrophcny  l-pyro* 
tortrioiide. 

H.C•H^(NO•)^^^ 
(C^H-O*)'    Iq 

NitrophenyUprro- 
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+    H»0 
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H       i 
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H 
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a-nitraniline  was  the  first  instance  discovered  of  a  basic  substance  containing  the 
elements  of  nitric  peroxide. 

Preparation. — I.  Of  tt-mitraniline, — The  aqueous  solution  of  dinitrobenzene  is 
saturated  with  ammoniacal  gas ;  sulphuretted  hydrogen  is  passed  through  the  blood-rod 
solution,  till  the  liquid  is  saturated  with  it  and  only  a  slisht  deposition  of  sulphur 
fakes  place ;  and  the  solution  is  then  mixed  with  hydrochloric  acid  and  evaporate, 
whereupon  an  additional  quantity  of  sulphur  separates,  together  with  undecomposed 

•  The  meanins  here  auigned  to  the  termi  «-  and  ^-nitranlUof)  It  the  same  aa  that  originally  glren  hy 
Hoftnann,  and  adopted  in  most  work*  on  Chemiitrr  (GmeHn*c  Handbook,  Oerhardt's  Tratti  de  Chimie 
orgtmiqne^  the  Handvwrtrrbmch  der  Ckemie,  Ac).  G  r  i  e  i  •,  on  the  contrarj-.  In  a  recent  memoir  (Phil. 
Tram.  1 864,  [3]  706)  deslKnatet  the  hue  obtained  tinm  the  nitrated  phenylamldes  aa  «,  and  that  obtained 
by  reduction  of  dinltrotieuseue  as  /3-nitraniiine. 
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dinitrobensene.  The  filtrate  is  then  mixed  with  potash,  which  preciptfttes  a  brown 
adhesiTe  resin ;  this  resin  is  freed  from  potash  by  washing  with  cold  water,  and  then 
dissolved  in  boilins  water ;  the  orange-yellow  solution  is  filtered  to  separate  a  small 
quantity  of  nndissolred  brown  resin ;  and  the  needles  of  opnitranUine  which  separate 
on  cooling,  are  purified  by  recrjrstallisatJon  from  hot  water  (Hofmann  and  M us- 
pratt).    Arppe  further  purifies  the  crystals  with  animal  diarooaL 

2.  Of  fi-nitranUine, — ^x^itro-phenjl-pyrptartrimide  is  dissolved  in  a  boiling  dilate 
solution  of  sodic  carbonate  mixed  with  a  Uttle  caustic  soda,  whereby  it  is  converted,  by 
taiVing  up  1  at  Water,  into  nitrophenyl-pyrotartramie  acid,  and  the  solution  is  boiled 
till  it  no  longer  gives  a  precipitate  of  that  add  on  addition  of  nitric  add.  The  nitro- 
phenyl-pyrotartramic  add  is  then  resolved  into  jS-nitraniline  and  pyrotartaric  add. 
The  yellow  solution  yields  on  oooUng  an  abundant  crop  of  yellow  rhombic  tables  which 
must  be  collected  on  a  filter,  washed  with  cold  water,  and  purified  by  recrystallisation. 
(Arppe.) 

Ati  easier  mode  of  preparation  is  to  dissolve  phenylaoetamide  or  phenylsucdnamide 
In  cold  luminff  nitric  add,  dUute  the  solution  with  water,  which  throws  down  nitro- 
phenyl-acetamide  or  nitrophenyl-snodnamide,  and  distil  this  predpitate  with  caustic 
potash.    (Hofmann.) 

Properties, — Alpha-nitraniline  forms  needles  of  a  fine  yellow  colour  and  an  indi  long ; 
heavier  than  water.  They  mdt  at  about  llO'^  (at  108^,  according  to  Arppe),  forming 
an  oil  of  a  deep  yellow  colour,  which  boils  at  2Si5°,  passes  over  in  yellow  vapours,  and 
solidifies  in  the  receiver,  forming  a  laminated  mass ;  at  100^  the  crystals  sublime  in 
beautiful  lamiiwe,  without  previous  fusion  (H  o  f  m  a n  n  and  M u  s  pr  a  1 1).  The  sublimed 
crystals  are  rhombic  tables  of  61°  and  129°,  having  one  of  the  acute  angles  either 
perpendicularly  truncated,  or  bevelled  with  two  faces,  while  the  two  obtuse  angles  are 
sometimes  obhquely  truncated,  sometimes  unaltered ;  mades  are  often  formed  with 
deep  re-entering  angles.  Similar  modifications  are  eachibited  by  the  crystals  obtained 
frem  solution  in  water  or  alcohol  (Arppe).  The  crystals  are  inodorous  at  ordinary 
temperatures,  but  when  slightly  warmed,  they  emit  an  aromatic  odour  having  a  distant 
resemblance  to  that  of  anilme ;  they  have  a  burning  sweet  taste,  are  perfect^  neutral, 
and  colour  firwood  (as  well  as  the  cutide)  deep  yeUow,  like  aniline^  but  do  not  produce 
any  blue  colour  with  chloride  of  lime.    (Hofmann  and  Muspratt) 

/S-nitraniline  crystallises  from  the  aqueous  solution  by  slow  cooling,  in  long  needles ; 
but  by  more  rapid  cooling,  in  small  tabular  or  needle-shaped  crystals  with  aneles  of 
69°  and  111°,  having  the  smaller  angle  truncated  in  such  a  manner  as  to  produce  a 
six-sided  table  with  aneles  of  111°  and  138°.  From  an  alcoholic  solution,  the  rhombic 
tables  separate  unaltered  together  with  the  six-dded  tables ;  an  ethereal  solution  yields 
sometimes  tables,  sometimes  capillary  needles;  from  an  aqueous  solution  containing 
carbonate  of  sodium,  rhombic  tables  of  66°  and  126°  are  obtained ;  by  sublimation, 
sometimes  needles,  sometimes  irresular  laminm.  The  crystals  mdt  at  141°,  Tolatilise 
at  about  the  same  temperature,  and  sublime  Terybeautiflolly  when  heated  between  two 
watdi-glasses.  At  100°  the  sublimation  is  scarcely  perceptible.  The  crystals  have 
also  scarcely  any  taste.    (Arppe.) 

Alpha-nitranuine  dissolves  in  600  pts.  of  toater  at  18*6°,  and  much  more  readily  in 
boiling  water  (Arppe).  iS-nitraniline  dissolves  in  1260  ^ts.  of  water  at  12'6°,  and  in 
46  pts.  of  boilmg  water.    Both  modifications  dissolve  easily  in  alcohol  and  in  ether, 

Deoomponiume, — 1.  The  vapour  of  nitraniline  bums  with  a  bright  sooty  fiame. — 
2.  AlphiC-nitraniline  distils  almost  without  reddue ;  but  /9-nitraniline  leaves  a  con- 
siderable quantity  of  carbonaceous  matter,  when  distilled. — 8.  Bromine  converts 
nitraniline,  with  great  rise  of  temperature  and  evolution  of  hydrobromic  add,  into 
a  brown  resin  whose  solution  in  hot  alcohol  depodts  yellow  crystels»  insoluble  in  water, 
acids,  and  alkalis,  and  probably  consisting  of  dibromonitraniline,  G'H^Br'(NO')N 
(Hofmann  and  Mu8pratt).---4.  Nitric  add,  even  when  highly  concentrated, 
dissolves  /3-nitraniline  without  vidble  decomposition  (Arppe) ;  but  a-nitraniline  is 
violently  acted  upon  by  nitric  add,  and  converted,  after  a  while,  into  an  add  which 
appears  to  be  picric  add  (Hofmann  and  Muspratt). — Gaseous  chloride  of  cyano- 
gen passed  through  mdted  nitraniline  (a),  converts  part  of  it  into  dinitromelamline, 
while  the  greater  portion  is  transformed  into  a  resinous  substance.  Alcoholic  nitrani- 
line is  decomposed  very  slowly  by  chloride  of  (^anogen  and  aqueous  aniline  in  a 
peculiar  manner ;  but  nitraniline  dissolved  in  ether  forms  with  chloride  of  cyanogen, 
nothing  but  hydrochlorate  of  aniline  and  yellowish  needles  <^  nitrophenyl-carbamide: 

2C«H«(N0«)N  +  CNCl  +  H«0     «     C^*(NO«)N.Ha  +  C"H\NO«)[n«. 

6.  Neither  a-  nor  iB-nitraniline  is  acted  upon  by  the  iodides  or  bromides  of  ethyl  and 
methyl    (Hofmann,  Proc.  Boy.  Soc.  xii  639.) 
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Salts  of  Nit&akilimb. — ^Nitraoiline  in  either  modiflcation  is  a  Tery  weak  base^ 
not  preeipitatinff  any  metallic  salt  From  the  solutions  of  its  salts,  some  of  which  are 
dystallisable ;  it  is  precipitated  in  the  crystalline  form  by  aniline,  as  well  as  by  the 
caustic  alkalis  and  alkaline  carbonates. 

Hjfdroeklorates,  C^*N*0*.HCL— The  colourless  solution  of  a-nitraniline  in  hydro- 
chloric add,  yields  by  evaporation,  nacreous  crystals,  extremely  soluble  in  water  and 
alodidl  (Hofmann  and  Huspratt).  Elonsated  rhombic  taUes  with  angles  of  120^ 
and  60^,  which  are  permanent  in  the  air  and  dissolye  readily  in  hydrochloric  acid; 
they  are  decomposed  by  water,  which  separates  the  greater  part  of  the  base. 
(Arppe.) 

3-mtraniline  forms  with  hydroddoric  acid,  a  yellow  solution,  or  if  the  acid  is  in 
great  excess,  a  colourless  solution,  which,  on  coobng,  deposits  rather  large,  colourless, 
tabular  crystals,  which  in  their  simplest  form,  are  four-sided  tables,  with  angles  either 
(a)  of  96^  and  85°,  or  (b)  of  65°  and  115° ;  bjr  the  combination  of  these  two  forms,  the 
acute  angles  of  a  being  truncated  by  5,  six-sided  tables  are  formed ;  and  by  the  tranoa- 
tion  of  SH  the  angles  of  a,  eight-sided  tables.  The  salt  is  easily  decomposed,  both  by 
heat,  which  causes  it  to  turn  yellow  and  giro  off  add,  and  by  water,  which  separates, 
the  base  almost  completely ;  alkalis  predpitate  the  nitraniline  in  the  ciystalline  form 
but  the  predpitate  redissolyes  in  excess  of  the  alkali     (Arppe.) 

CUoripiatinatfs,  2[(>H^N0«)N.HCl].Pt«'Cl*.— The  o^salt  is  predpitated  by  platinic 
chloride  from  the  alcoholic,  but  not  oom  the  aoueous  solution  ox  a-nitra]ine,  as  a 
yellow  crystalline  powder,  which  is  extremely  soluble  in  water  and  in  alcohol,  and  must 
therefore  be  washed  with  ether.  The  /3-salt  is  precipitated  from  the  concentrated  so- 
lution of  the  hydrochlorate  dther  in  water  or  m  alcohol ;  it  is,  however,  much  more 
soluble  in  alcohol  than  in  water.  It  crystallises  in  stellate  groups  of  yery  slender 
needles.  When  washed  with  a  mixture  of  alcohol  and  ether,  it  is  oonyerted  into  a 
yellow  salt,  app«rently  consisting  of  C»H«(NO«)N.Ha.R»'a«.    (Arppe.) 

NUrate  of  a^nitranxline  is  ciystalline,  easily  soluble  in  water,  very  sparingly  soluble 
in  strong  nitric  add.  The  $-nitrate  crystallises  in  shining,  long,  right-angled  truncated 
prisms,  and  is  decomposed  by  water.  

Oso^oto.— Alpha-nitraniline  forms  an  acid  oxalate,  G^«(NO')N.CH'0«,  which  is 
"deponted  in  yellow  crystals  on  mixing  the  alcoholic  solutions  of  the  base  and  acid. 
Oxalate  of  /3-nitraniline  crystallises  in  slender  needles  and  plates  sparingly  soluble  in 
water. 

Sulphates. — ^The  o-salt  crystallises  in  shining  rhombic  prisms,  which  dissolye  in 
water,  forming  a  dear  solution.  The  /3-salt  crystallises  from  a  solution  of  ^-nitraniline 
in  dilute  sulfuric  add,  in  laige  shiidng  plates  which  have  an  add  taste,  and  are 
decomposed  by  water. 

Tartrate  of  orfiitraniline  forms  a  yellow  solution  from  whidi  the  salt  ciystallises  in 
yellow  rectangular  tables.  Potash  decomposes  the  solution,  separating  the  base  in  the 
form  of  a  yeUow  crystalline  precipitate  soluble  in  excess  of  the  alkalL  Tartrate  of 
^nitranUine  crystalliRes  in  yellow  needles ;  potash  does  not  precipitate,  bat  dissolyes 
it,  forming  a  red  solution.    (Arppe.) 

A  solution  of  either  modification  of  nitraniline,  mixed  with  a  recently  prepared  so- 
lution of  gaU-ntiU,  and  afterwards  with  a  small  quantity  of  potash,  yields  a  copious 
flooculent  or  almost  gummy  predpitate,  which  is  decomposed  by  excess  of  potash,  a 
portion  of  the  base  being  precipitated  in  the  crystalline  form.     (Arppe.) 

IHnttnuilUne.    CTa»N«0<     =     ^^'*^^^')'|n.     (Gottlieb^  Ann.  Ch.  Pharm. 

Ixxxy.  17.) — ^Produced  by  the  action  of  alkalis  on  dinitropheDyl-citraconimide.  When 
this  compound  is  treated  with  a  boiling  dilute  solution  of  carbonate  of  sodium,  carbonic 
anhydride  is  evolyed,  and  the  light  fiocculent  crystsls  of  the  amide  are  partly  dissolved, 
and  partly  converted  into  a  heavy  yellow,  crystalline  powder,  consisting  of  dinitrani- 
line ;  when  the  action  is  complete,  this  substance  separates  out  in  more  definite  crystals. 
If  the  boih^ng  be  not  continued  long  enough  to  ensure  the  complete  decomposition  of 
the  imide  in  the  manner  above-mentioned,  the  mother-liquor  is  found  to  contain  dini- 
trophenyldtraconamate  of  sodium  as  well  as  citraconat«.  The  dlnitraniline  is 
purified  by  ciystallising  it  several  times  from  boiling  water: 

/'f»H40«^•  1  H.CfflH«(NO«)»)  ^ 

C-H^NoVI  N     +     HK)       -  (C*^OT    |S 

Dlnltropbenyl-  Dinttrophenyl-citrft- 

citracunlmide.  conamic  add. 

BiiittrophenylHsitra-  DiDltranlline.  CUracoaie  add. 

conamic  acid. 
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Binitmiiline  czystAllifleB  by  spontaneoas  eTapontion  of  its  solution  in  a  miztaro 
of  alcohol  and  ether,  in  greeniiih-vellow,  rather  brilliant  tables,  exhibiting  a  bluish 
tint  by  reflected  light  on  the  lateral  faces.  It  is  inodorous ;  boils  at  185°,  giving  off 
yellow  yapours,  which  oondnnse  in  the  form  of  a  yellow  sublimate ;  the  melted  portion 
soUdifles  on  cooling  into  a  deep  yellow  ciystalline  mass.  It  dissolyes  sparingly  in  cold 
water,  easily  in  boiling  water  and  in  aleohol.  When  heated  suddenly  in  a  tube,  it  blackens 
and  explodes.  Sulphide  of  ammonium  oonverts  it  into  nitrophenylene-diamine: 

CWO-yjij   ^  8H^    .      [C^NO.)rjjp  ^  2H«0  +  S.. 

Dinitranlllne.  Nltropbenylene- 

dUmlne. 

Dinitraniline  does  not  combine  with  adds. 

TMnttrMdUiM.     IHmtropkenyUmide,  Pieramide,  G^«KH>«  -  ^^"^^^^  I N  t 

(Pisani,  Ann.  Ch.  Pharm.  xcii  326.) — ^Obtained  by  the  action  of  ammonia  on 
chloride  of  trinitrophenyl  or  chloropiciyl  (p.  416).  When  crude  chloropicryl  is  tritu- 
rated with  excess  of  cold  aqueous  carbonate  of  ammonium,  and  the  resulting  mass  is 
treated  with  boiling  water,  a  residue  is  obtained,  consisting  of  trinitraniline,  which 
dissolves  in  boiling  alcohol,  and  separates  in  oystalline  plates,  dark  yellow  by  trans- 
mitted, violet  hy  reflected  light,  and  yielding  a  light  yeUow  powdw.  It  dissolve 
sparingly  in  ether.  When  heated  it  decomposes  with  detonation,  giving  off  nitrous 
fumes  and  leaving  a  carbonaceous  residue.  Heated  with  aqueous  potash,  it  gives  off 
ammonia  and  leaves  picrate  of  potassium. 

ABonltroi^lieiiytamiae*   G^'N'O*    -    C«H*(Nb')N*   »  H*     (^' 

Diazonitrobeneene,  (Gr  i  e  s  s,  PhiL  Trans.  1864,  [3] ,  708.) — "hy  treating  the  nitrates  of 
a-  and  /3-nitraniline*  with  nitrous  acid,  nitrates  of  azonitrophenylamiue  are  obtained, 
having  the  same  composition  but  differing  firom  one  another  in  physical  properties,  and 
yielding,  when  heated  with  bromine,  phSinie  chloride,  and  other  reagents,  isomeric 
salts  exhibiting  coiresponding  differences  of  ohysical  character. 

Nitrate  of  a-azonitrophenpaminej  C^ITO'.NHO",  is  precipitated  by  ether  from  its 
alcoholic  solution  in  prisms  frequently  approaching  to  cubes,  very  soluble  in  water, 
sparingly  soluble  in  aleohol,  insoluble  m  ether,  and  exploding  with  great  violence  when 
heated.  The  3-salt  has  about  the  same  degree  of  solubility,  but  ciystallises  in  flne 
long  needles. 

Both  modifications  of  the  nitrate  when  boiled  with  water,  are  decomposed,  after  some 
time,  with  evolution  of  nitrogen-gas,  yieldizig  a  brownish,  easily  fhsiUe,  slightly  acid 
substance,  which,  judging  from  the  manner  in  which  the  nitrates  of  azophenyfamine 
azobromo-bromophen^lamine,  &c,  are  decomposed  (pp.  432,  437X  should  have  the  com- 
position of  nitrophemc  acid,  according  to  the  equation 

•       C«H»(NO«)N«     +     H«0      «       C«H»(NO«)0     +         N«; 
Asonltropheoyl-  Nitrophenie 

amine.  acid. 

but  it  cannot  be  made  to  ciystallise,  and  appears  to  differ  altogether  in  its  properties^ 
both  from  nitrophenie  and  from  isonitrophenic  add  (p.  394). 

The  chloroplaHnaies,  2(C«H»NK)«.Ha)Pt«'a\  of  both  modifications,  crystallises  in 
long  yellow  needles  or  prisms. 

Perbramide  of  a-agomtrophenylammoniumf  C*H*(NO*)N"Br*,  is  precipitated  by 
bromine-water  from  the  aqueous  solution  of  the  a-nitrate,  usually  as  an  oil  which  soon 
solidifies.  It  forms  small  orange-coloured  plates  or  prisms,  which,  unlike  the  /9-com- 
pound,  cannot  be  recrystallised  from  warm  alcohoL  It  is  likewise  obtained,  together 
with  tribromonitraniline,  by  the  action  of  bromine  on  asodinitiodiphenyldiamine,  the 
latter  being  suspended  in  water,  and  bromine  added  till  the  whole  is  converted  into  a 
heavy  brownish-red  oil : 

C"H»(NO»)«N»  +  Br«  -  C^*(NO«)N»Br»  +  C«H«Br^NO«)N  +  2HBr. 
Aiodinitro-dipheoyl-  F^rbromkie.  Trfbromonitranilliw. 

diamine. 

On  decanting  the  supernatant  aqueous  mother-liquor,  and  allowing  the  excess  of 
bromine  to  evaporate,  the  oil  solidifies  to  a  ctystalHne  mass.  Before  however  com- 
plete solidification  occurs,  thick  yellowish-red  crystals  frequently  shoot  out,  consisting 
of  the  nearly  pure  perbromide,  which  may  be  freed  from  adhering  tribromaniline  by 

Eulverisation  and  washins  with  ether.    If  no  distinct  crystals  form  after  the  bromine 
as  evaporated,  the  crystalline  mass,  consisting  of  the  perbromide  and  tribromonitraniline, 
must  be  pressed  between  filter-paper  and  washed  with  ether,  to  dissolve  out  the 

•  ThepreAspf  •  and /3  are  here  used  In  the  lense  opposite  to  that  assigned  to  them  In  Grief  i*8 
paper  (see  fout-note,  p.  446). 
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tribfomonitiaiiilme.  Tliis  however  is  attended  with  loss,  since  the  perbramide  is 
partly  oonverted  by  the  ether  into  nitrobromobenzene. 

The  /i-perbiomiae  is  precipitated  by  bromine-water  fiK>m  the  aqneons  3-nitrate,  in 
■lender  orange  prisma  almost  insoluble  in  water  and  in  ether,  bat  easily  soluble 
in  wann  alcohol,  whence  the  compound  is  deposited  on  cooling  in  well-defined 
czystals. 

On  heating  the  alcoholic  solutions  of  the  a-  and  /3-perbromide,  a-  and  /S-nitrobromO' 
benzene,  C^«(NOf)Br  (p.  416),  are  obtained* 

The  ••perbromide    treated  with   aqueous    amynonia   is  oonverted    into  a-aso- 

nitrophenylene-diamine,    ■-  ^       '^^^  (iT*,    or    diazonitrobenzolimide, 

L(^  ^\       )     /J  1 1^^  which  crystallises  in  orange-coloured  needles,  melting  at  62^« 

The  /3-perbromide  yields  in  like  manner  a  compound  having  the  same  compositioD, 
but  czystallising  in  yeiy  brilliant  yellow  roonded  plates  which  melt  at  71^. 

TrilMroinonltroplieiijrlaiiiliiaf  or  TrlbromoiiItraiilliBev  CWBi^(VO'yS, — 
Produced  as  above  by  the  action  of  bromine  on  azodinitrodiphenyldiamine.  To  obtain 
it  pure,  the  ethereal  solution  is  evaporated  to  dryness ;  the  residue  is  dissolved  in 
warm  alcohol ;  the  solution  is  mixed  with  water  till  it  becomes  milky  and  deposits 
crystals,  and  the  crystals  are  thrown  on  a  filter,  pressed  between  sheets  of  filter-paper 
to  remove  any  adhering  nitrobromobenzene,  and  further  purified  by  crystallisation 
from  weak  alcohoL  It  crystallises  in  small  slightly  yeUowish  plates  whic&  cannot  be 
subUmed  without  decomposition.    (G  r i  e  s  s.) 

II.  DSRITATITBS  OF  AjnUMl  VOVtMSD  BT  BBFLACKKBHT  OF  HtDBOOSH  NOT 

BSLOMonro  to  tsb  Fhsntl-badiclb. 

The  extra-radical  or  typic  hydrogen  of  aniline  may  be  replaced  wholly  or  partially, 
both  by  acid  and  by  alcohol-radides.  In  the  former  case,  neutral  or  acid  amides  are 
produced,  such  as  phenyl-acetamide,*  (C*H*XC'H*0)HN,  phenyl-dibenzoylamide, 
(CH*X0'H*O)'N,  &C.  These  compounds  are  described  with  the  several  acids,  or  in 
s^Murate  articles.  In  the  latter  case,  basic  amines  are  formed,  such  as  methyl-aniline, 
(C«H*XCH«)HN,  methyl-amylaniline,  C^»XCH»XC*H")N,  &c:  these  will  be  de- 
scribed  in  the  following  PagM.  They  are  produced  by  the  action  of  the  bromides  and 
iodides  of  the  alcohol-raoicles  on  aniline :  those  in  which  the  whole  of  the  hydrogen  is 
replaced  by  alcohol-radicles  are  capable  of  uniting  with  the  alcoholic  iodides,  forming 
compounds  belonging  to  the  ammoniimi-type  (see  Phbntlammonivms). 

AUylAnillBe,  or  AUarloptaaByUunlnet  <7H"K  »  CH*>N.    (H.  Schif^  Ann. 

H) 

Ch.  Pharm.  Suppl.  iii.  864.) — ^A  mixture  of  aniline  and  iodide  of  allyl  becomes  heated 
to  100^  in  a  few  minutes,  and  forms  a  very  soluble  crystalline  mass  of  hydriodate  of 
allylanilinei  The  free  base  separated  from  this  salt  by  potash  is  a  yellow  liquid  of 
specific  gravity  0*982  at  25° ;  having  an  odour  of  aniline  and  of  geraniums,  aind  a 
Doming  taste ;  slightly  soluble  in  water.  Its  salts  are  crystalline,  easily  soluble,  and 
are  coloured  violet  by  hypochlorite  of  calcium.  The  concentrated  solution  of  the 
hydrochlorate  gives  with  platiiuc  ehhride  a  dark  yellow  precipitate,  which  usually 
separatee  as  a  resin  becoming  crystalline  after  a  while.  It  is  slightly  soluble  in  water 
iind  in  alcohol,  and  contains  2(C»fl"N.HCl)Pt»'Cl«  (p.  469). 

Hie  free  base  treated  with  oetum^/ yields  heptylidene-diallyl-diphenyl* 
diamine,  ((rH»*)"(C*H»)F(C«H»)«N«. 

Amytenlllae,  C'lH'^N  »    C*H">N.    (Hofmann,  Chem.  Soc  Qu.  J.  iii.  297 ; 

H  ) 

Ann.  Gh.  Pharm.  Ixxiv.  163.)— To  obtain  this  base,  a  mixture  of  aniline  and  bromide  of 
amyl  is  set  aside  at  the  ordinary  temperature  for  sevecal  days ;  the  motheivliqnor,  con- 

*  Note  to  Pken^laeetamiie  (p.  418).  ThU  compooiid  is  easily  produced  by  proloBged-boIllDg  (eoho- 
battoD)  of  aoitine  with  coocentraftcd  acetie  add  (CSH'N.C^H^O^-  H<0  a  C"H>NO).  On  suliseqaeDt 
dittlllatioD,  the  amfde  passes  over  and  soKdifles  in  a  white  paraffin-like  mass.  It  disiolTes  easily  In 
water,  alcohol,  ether,  benseoe,  and  rolatile  oils  \  crystallises  on  cooling  IVoin  a  hot  aqoeous  lolalion 
fn  small  colourless  needles ;  from  oil  of  lenwns,  in  large  needles.  U  melts  at  lot*',  and  bolU  at  fdfP 
(bar.  at  7S5  mm.).  Sped6c  craTlty  >■  l-€i/9  at  10*5^.  Vapour-density,  obs.  «  4-807--4*86?j  cale.  m 
4'GJl.  It  is  deoomposea  by  sodium,  yielding  aniline  and  a  small  qnantlty  of  another  baalc  oH  (Or  •tIII'S 
Williams,  Chem.  8oc.  J.  zrli.  106.) 

Vox.  IV.  G  Q 
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BiBtiiiff  of  amjlanfline  and  biomide  of  amyl,  is  decanted  from  the  letidting  crystals  of 
hjdrobromate  of  aniline ;  and  the  bzomide  of  amjl  is  distilled  oif : 

2C*ffW     +     0»H»»Br      -      C'H'N.HBr     +     C'^E}^. 

Or  a  mixture  containing  a  larger  quantity  of  bromide  of  amyl  is  heated  in  the  watep- 
bath ;  the  excess  of  bromide  of  amjl  removed  by  distillation ;  and  the  remaining 
hydrobroraate  of  amylaniline  decomposed  bypotash,  whereby  the  amylaniHne  is  separated 
in  the  form  of  an  oil,  which  may  be  purified  by  solution  in  ether,  agitation  with  water, 
and  eyaporation  of  the  ether. 

Amylaniline  is  a  colourless  oil,  which  boils  steadily  at  268^,  has  an  agreeable  odour 
like  that  of  roses  at  ordinary  temperatures,  but  an  ofiensiye  odour  of  fusel-oil  when 
heated*  Heated  with  bromide  of  ethyl  to  100^,  it  is  couTorted  into  hydiobromate  of 
eth^lamylaniline,  and  with  bromide  of  amyl  into  diamylaniline. 

Its  compounds  with  hydrobromic^  hyarochlorie  and  oxalie  aeids,  form  beaiitiM 
crystals,  which  have  a  fatty  lustre^  dissolTe  sparingly  in  water,  and  when  heated  with 
water,  rise  to  the  smrface  in  the  form  of  an  oil  which  solidifies  on  cooling. — The  chlozo- 
platinate  is  precipitated  in  the  form  of  an  unctuous  mass,  which  crystaUises  only  after 
a  considerable  time,  and  when  a  portion  of  it  has  suffered  decomposition. 

Amylaniline  heated  for  two  days  in  the  water-bath  with  excess  of  bromide  of  amyl, 
yields  crystals  of  hydrobromate  of  diamylaniline,  from  which  the  base  may  be  separated 
as  above.  It  is  an  oil  boiling  between  276^  and  280^,  and  having  the  odour  of  amyl« 
aniline. 

Its  salts  are  nearly  insoluble  in  water,  so  that  when  the  base  is  heated  with  diluta 
hjdrodilorie  or  sulphuric  acid,  the  resulting  salt  rises  to  the  surfoce  in  the  form  of  an 
oil,  which  on  cooling  solidifies  in  a  crystalline  mass  having  a  fritty  lustre. — ^The  plaH' 
numrsalt,  2(Ci'H*'N.HCl)Pt<^Cl\  is  precipitated,  on  mixing  the  hvdrochlorate  with 
tetrachloride  of  platinum,  in  the  form  of  a  yellow  oil  which  quickly  solidifies  to  a 
brick-red  crystalline  mass ;  alcoholic  solutions  immediately  yield  exystali. 

OetyUuilUne,  C^'H*^  »  C^^H'^VN.  (Fridau,  Ann.  Ch.  Fhsrm.  bczziii  2«.)— 

H   3 

Iodide  of  cetyl  heated  to  100^  with  excess  of  aniline  yields  crystalline  hydriodate  of 
aniline  and  free  cetylamine,  which  may  be  separated  from  the  crystals  by  means  of 
water  and  ether,  and  purified  by  converting  it  into  a  hydrocklorate,  decomposing  this 
salt  by  potash,  and  recrystallising  the  free  base  thus  obtained  from  alcohoL 

Getyianiline  crystaUises  in  silvery  scales  which  melt  at  42^,  and  solidify  at  S3°  to  a 
yellowish-white  mass  of  crystalline  rosettes.  It  is  insoluble  in  water,  easily  s<4uble  in 
alcohol  and  ether,  does  not  precipitate  metallic  salte^  and  has  no  action  on  vegetable 
colours.  

The  hydroehiorate  crystalUses  in  shining  platea — ^The  chloropUttinate  (2C*'H*N. 
HCl)  Jt**01^  is  precipitated  in  reddish-yellow  efystaUine  flocks  on  adding  water  to  a 
mixture  of  hydroehiorate  at  cetvlaniline  and  alooholic  platinic  chlorids.  The  nitrate 
crystallises  in  shinins  laminae,  the  alooholic  solution  of  which  is  partially  decomposed 
by  evaporation.  The  oxalate  forms  tolonrless  confusedly  interlaced  needles.  The 
emphate  is  the  most  soluble  of  the  salts  of  eetyhuuline;  it  may  be  completely  separated 
from  its  alcoholic  solution  by  water. 

C«H») 

athylAiilllne.    0*H"N  «  C*H*>K.    (Hofmann,  Ghem.  Soc.  Qo.  J.  iii.  286 ; 

H  > 
—•Ann.  Ch.  Fharm.  Ixnv.  128.)— A  mixture  of  aniline  and  excess  of  bromide  of  eth^l, 
gently  heated  in  an  apparatus  which  allows  the  condensed  Vapours  to  flow  back  again, 
passes  into  spontaneous  ebullition,  and  afterwards  on  cooling  yields  ciystals  of  hydro- 
bromate of  ethylanUine:  C^'N  +  CH*Br  •  OH"N.HBr.  The  aqueous  solution  of 
the  hydrobromate  of  ethylaniline  is  mixed  with  concentrated  potash,  and  the  brown  oil 
which  rises  to  the  surface  is  removed  with  the  pipetts^  dried  over  hydrate  of  potassium, 
and  rectified. 

Ethylaniline  is  a  transparent^  colourless,  strongly  refracting  oil  of  sp.  gr.  0*964  at 
18^ ;  boils  constantly  at  204^;  smells  Uke  aniline;  does  not  produce  any  blue  colour 
with  chloride  of  lime ;  colours  firwood  and  elder-pith  yellow,  but  much  less  strongly 
than  aniline.    It  is  soluble  in  alcohoL 

JDecompoeitions. — 1.  Ethylaniline  quickly  turns  brown  when  exposed  to  the  air,  or 
even  under  the  mere  influence  of  light. — 2.  With  bromine  it  forms  a  neutanl  (tribro- 
manUine  ?)  and  a  basic  compound. — 3.  It  takes  fire  in  contact  with  6ij chromic  add,^ 
4.  With  phoegene  gae  it  acts  violently,  forming  a  hydroehiorate  and  an  indifferent  oiL — 
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6.  With  avlphide  of  earbon^^  it  slovlj  gires  off  Bulpbnretted  hydroffen.— 6.  Cj^anoifen 
gas  pAssed  thzongh  aloohoHc  ethylaniBne,  fomui  short  prisms  ptorablj  eoBattiiig  of 
cysnathylsiiiluie,  CH^lf.  This  eompound  is  sepurmtea  in  the  pulvfiraleaiit  form,  on 
adding  ammonia  to  the  solution  of  the  (jcystals  in  dilute  snlphuric  acid:  its  solution  in 
aolpfaune  add,  on  being  mixed  with  strong  hydrochloric  acid,  deposits  the  hjdrochlo- 
mte  in  beantiM  eiTStui ;  its  platinumnnut  is  very  soluble. — 7.  Ethylaniline  absorbs 
gaseous  chloride  ofejfamoffen  rafnd^  and  with  rise  of  temperature,  and  then  solidi- 
les  on  cooling  in  the  form  of  areeinous  miztue  eontaininga  neutral  oil  loid  the  hydro- 
chlorate  of  a  volatile  oily  base. — 8.  Ethylaniline  heated  for  two  days  in  the  water- 
bath  with  iodide  of  methyl  yields  eryfltak  of  hydriodate  of  methyl-ethyl-aniline 
(C*H«XCH'XC^*)N.HL  In  like  manner  with  bromide  of  ethyl  and  bnmideof  mnyl, 
it  yields  the  hydrobromates  of  diethylaniline  (C*H*){U"Jti*)'N,  and  ethyl-amyl-aniline 
(C«H»XC»H»XC»H>')N. 

ComiiHatione, — The  salts  of  ethylanilina  dissolye  very  easily  in  water,  less  easily  in 
alcohol,  from  which  also  ther^  oystallise  better.  The  sulphate  and  hydit)chlonte  hare 
not  yet  been  obtained  in  the  solid  £wm.  The  l^drobromate,  CH"N3Br,  i>repand 
as  aboTe,  crystallises  from  the  alcoholic  aeration  by  spontaneous  evaporation  in  laige 
tables.  At  a  gentle  heat  it  sublimes  in  needles  without  decomposition,  but  when 
quickly  heated,  it  ia  resolTed  into  aniline  and  bromide  of  ethyL  It  dissolves  yeiy 
readily  in  wat^. 

MerevHe  chloride  and  trichloride  of  gold  added  to  hydzochloxate  of  ethylaniline 
throw  down  yellow  oils  which  quickly  decompose. 

Chloroplaiinate  qf  EthyUmiline^  2(C*H*'K.£LGl)Pt'^a\— A  sitorated  aqueous  solu- 
tion of  bydiochlorate  of  ethylaniline,  added  to  a  concentrated  solution  of  platinio  chloride, 
throws  down  an  oil  of  a  deep  orange-yellow  colour,  which,  after  a  few  hours,  solidifies 
in  the  crystalline  form;  a  somewhat  more  dilute  mixture  deposits  after  a  few  hours, 
splendid  needles  an  inch  long,  whidi  must  be  washed  with  a  mixtoie  of  ether  and  a 
httla  aloohoL  The  oystals  are  permanent  at  100^,  and  dissolTe  vezy  readily  in 
water  and  alcohoL 

186.)— Hie  hydiobiomate  of  this  base  separates  in  crystals  from  a  mixture  of  ethyl- 
aniline with  a  very  large  excess  of  bromide  of  ethyl,  and  when  freed  from  adhering 
bromide  of  ethyl,  and  treated  with  potash,  as  in  the  preparation  of  ethylaniline,  yidds 
diethylaniline,  as  a  transparent,  colourless  oil  of  sp.  gr.  0*986  at  18^,  boilipg  with  per- 
fect steadiness  at  213*6^,  and  exhibiting  with  firwoodand  chloride  of  lime,  the  same  reac- 
tions as  ethylaniline.  It  remains  transparent  and  oolouzlesa  when  exposed  to  the  air. 
With  iodide  of  ethyl  it  yields  iodide  of  triethyl-phenylammonium,  (C*H*)>(C'H*)NI. 

Hydrobromate  of  DitthylaniUne,  C**H'^N^Br,  prej^ared  as  above,  forms  large  four- 
sided  tables^  which  at  a  gentle  heat  melt  and  sublime  in  needles  without  decomix>sition ; 
but  when  quickly  heated,  are  almost  wholly  resolved  into  an  oily  distillate  consisting  of 
ethylaniline  and  bromide  of  ethyL 

ChloroplatinaU  of  JHethylauiline,  2(Ci*H"N.HaiPt>^a«,  is  precipiUted  from  some- 
what concentrated  solutions  of  hjdrochlorate  of  diethylaniline  and  tetrachloride  of 
platinum,  in  the  form  of  a  brownish-yellow  oil  which  soon  solidifies  in  a  hard  mass; 
out  fram  more  dilute  solutions  it  is  gradually  deposited  in  vellow  prisms  which  may 
be  purified  by  emtallisation  from  alcohol.  It  is  less  soluble  both  in  alcohol  and  in 
water  than  the  platinum-salt  of  ethylaniline.    (Hofmann.) 

(>H*Br) 

EnnuisoifAiaLiiia.    CH^'BrN  »     CH*   VN,    Bromanilina  tieated  with  excess 

H     i 
of  bromide  of  ethyl  is  quickly  converted  into  hydrobromate  of  ethylbromaniline  (p.  278) 
which,  when  treated  with  potash,  yields  ethylbromaniline  exactly  resembling  ethyl- 
chloraiiiline.    Its  platinum-salt  is  a  viscid  oiL    (Hofmann,  Amu  Ch.  Phaxm.  Ixxiv. 
126.) 

EisTLCHLOHAinzjini.     C"£P*CaK  b    G^*  >N.— A  nuxtuze  of  chloraiuline  and 

H  j 
excess  of  bromide  of  ethvl,  kept  for  some  days  at  100^,  and  then  freed  from  excess  of 
bromide  of  ethyl  by  distifiation  with  water,  leaves  a  solution  of  hydrobromate  of  ethyl- 
chloraniline,  on  whidi  a  few  drops  of  the  base  float  This  base  is  completely  separated 
by  potash  in  the  form  of  an  oil  of  high  boiling  pointy  romaim'ng  liquid  below  O^,  and 
having  an  odour  like  that  of  anise-oil. 

The  salts  of  this  base  are  much  moro  soluble  than  those  of  ehloraniline. 

The  eulphate  Bjid  oxalate  crystallise;  the  chloroplaiinate  does  not.  (Hofmann, 
Ann.  CSLFhaiflL  Ixxiv.  148.) 

G  o  2 
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DBRHTLCHLOBAXizJini.    C^'H'^CIN  <»  (n^*\t  I  ^' — ^  mixtne  of  bromide  of  ethyl 

and  ethylchlonuiiline  dried  in  a  hot  enrrent  of  air  and  heated  to  100^  for  two  daya, 
is  conyerted  into  hydrobromate  of  diethylchloraniline;  and  from  thia  the  base  ia 
■eparated  by  potash  as  a  brownish  oil,  which  is  pnrified  by  solution  in  ether,  freed 
from  potash  by  washing  with  water,  and  from  ether  by  evaporation. 

The  solution  of  the  iMse  in  hydroehlorio  add  yields  with  piatinie  chloride  an  orange- 
yeUow  crystalline  precipitate  of  the  chloroplatinate  2(Ci*H>H:aN.HGl).Pt<*a*.  (Hof- 
mann,  loc.  cit) 

ETHTL-ALLTL-ANiLon.   0>>H>'N   -   CH^VN.— The   hydriodate  is   obtained  by 

C»H») 
heating  allylaniline  with  iodide  of  ethyl  for  two  or  three  days,  as  a  crystalline  maai^ 
from  which  potash  separates  the  base  as  a  thick  jrellow  oil  Jumng  no  characteristie 
odour,  distilling  between  220^  and  225^,  and  forming  soluble  salts.  An  aeid  oxalate, 
C"H"N.U"ll*0\  crystallises  from  a  solution  of  the  bMe  in  excess  of  hot  aqueous  oxalio 
acid,  in  spherical  groups  of  small  needles.    (Schiff^  Ann.  Ch.  Pharm.  SuppL  iiL  864.) 

ETHTirAVTL-AifiLiiiB.     C*'H«N    »    CH>  >N.     (Hofmanu,  Ann.  Ch.  Pharm. 

Ixzir.  156). — ^A  mixture  of  amylaniline  and  excess  of  bromide  of  ethyl  (vid,  eup,),  or  of 
ethylanUine  and  excess  of  bromide  of  amyl  or  of  indide  of  amyl,  which  acts  most 
quickly,  is  heated  in  the  water-bath  for  two  days^  and  the  base  is  separated  from  the 
resulting  hydrobromate  of  ethylamylaniline  as  in  the  preceding  case.  The  product 
is  a  colourless  oil,  boiling  at  262^,  therefore  only  4^  higher  than  amylaniline. 

When  heated  with  iodide  of  methyl  it  yields  the  iodide  of  methyl-ethyl-amylo- 
phenylammoniom,  (CH«XC«H»)(0»ff»)(C«H*)NI. 

The  Hydrobromate  and  Hydrochlorate  of  EthylamylaniUne  cnrstallise.  The  former 
is  resolyed  by  distillation  into  ethylaniline  and  bromide  of  amyl : 

0»»H«N.HBr     =     C»H»>N  +  C»H'>Br. 

The  chloroplatinate  is  precipitated  in  the  form  of  an  orange-yellow  yiseid  liquid, 
which  solidifies  in  ciystals  Aisible  at  100^ 

Mtt^UnOln,.  C^  =  <^}n.    (Hof.ann.  Ann.  Ch.  Phann.  ,=i..  160.) 

— ^This  base,  metameric  with  benzylamine  or  tolnidine,  (C^')H'N,  is  produced  by  the 
action  of  iodide  or  bromide  of  methyl  on  aniline.  The  mixture,  which  should  be  made 
gradually,  to  avoid  too  great  a  rise  of  temperature^  soon  solidifies  to  a  eiystalline  mass 
of  hydriodate  or  bydrobroinate  of  methylaniline,  from  the  aqueous  solution  of  which 
the  oily  base  may  be  separated  by  jpotash. 

Methylaniline  is  a  transparent  oil,  which  bolls  at  192^,  has  a  peculiar  odour,  and 
colours  aqueous  chloride  of  lime  violet,  but  not  so  strongly  as  anmne.  Its  salts  are 
sparingly  soluble  in  wat6r,  and  are  separated  from  their  aqueous  solution  in  the 
crystalline  state  by  acids. 

The  chloroplatinate,  2(C'H»N.Ha)JPt«'Cl*  is  precipitated  in  the  form  of  a  limpid  oil, 
quickly  changing  to  pale  yellow  crystalline  scales  which  must  be  quickly  washed  with 
cold  water  and  dried.  They  soon  turn  black  from  decomposition,  and  when  aloohoUe 
solutions  are  used,  a  black  mass  is  immediately  precipitated. 

The  oxalate  crystallises  readily,  but  quickly  decomposes,  reproducing  aniline. 

C«H») 

MBTHTL-AifTL-AKiLiNB,  C^^H'^K  »  CH*  >N,  is  produced  by  the  distillation  of 

C»H»»3 

hydrate  of  methyl-ethyl-amylo-phenylammonium,  water  and  ethylene  being  given  oflF 
at  the  same  time: 

[(CBPXC«H»)(C»H")(C^»)N]HO     «     (CH«)(0»H»»XC«H»)N  +  C«H«  +  EH). 

It  is  an  oil  having  an  agreeable  odour.  The  chloroptaHnaU,  2(C*'H**N.HCl).Pt*^Cl*,  is 
a  crystalline  precipitate.    (Hofmann,  Ann.  Ch.  Pharm.  Ixxix.  15.) 

C^»l 

MET«TL-BTHTL-A2nLiNB.    C'H*"N  —  CH*  ^N.   (Hofmauu,  Auu.  Ch.  Pharm.  Ixxiv. 

-  C«H*) 
152.}— Ethylaniline  heated  with  iodide  of  methyl  for  two  days  to  100°,  yields  crystals  of 
hydriodate  of«methyl-ethyl-anilin&    The  base  separated  tnerefrom  smells  like  ethyl- 
aniline,  but  is  not  coloured  by- chloride  of  lime.    Its  salts  are  very  soluble  and  mostly 
tmciystallisable. 
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menylaalllBM.— I.  DiPumxjLAMnn,  Ci*H"N     ->     OH^vN.      (Hofmann, 

Hi 
Ann.  Ch.  Fharm.  crzzii.  163.)— This  base,  isomeric  with  xenTlamine  (C*'H*)H'N,  is 
prodnced  by  the  distillation  of  triphenyl-rosaniline  ('aniline-bine),  0"H"(C*H*)'N'. 
when  commercial  aniline-blue  is  snbjected  to  distillation,  a  fiuntlj  yellowish  liquid 
passes  over,  and  when  the  portion  which  distils  between  280^ — 300^  is  mixed  with  hy- 
drochloric add,  it  immediately  solidifies  to  a  hydrochlorate,  sparingly  soluble  in  strong 
hydrochloric  acid,  easily  purified  by  washing  with  alcohol  and  recrystalUsation  from 
ucohoL  This  salt  mixed  with  ammonia  yields  colourless  oil-drops  which  solidify 
in  a  few  seconds  to  a  hard  crystalline  mass  of  diphenylamine. 

This  base  is  also  found  in  small  quantity  amongst  the  products  of  distillation  of 
xotaniline,  leucaniline,  and  melaniline. 

Diphenylamine  has  a  peculiar  odour  of  flowers,  and  an  aromatic  taste  with  burning 
after-taste.  It  melts  at  46^  to  a  yellow  oil,  which  boils  constantly  at  310^.  It  is 
nearly  insoluble  in  wateTf  easily  soluble  in  alcohol  and  ether.  Neither  the  aqueous 
nor  the  alcoholic  solution  exhibits  the  slightest  alludine  reaction.  The  crystals  treated 
with  concentrated  acids  are  immediately  oonyerted  into  the  corresponding  salts,  which 
howerer  are  extremely  unstable,  the  base  being  separated  from  them  eren  by  water  in 
oily  diop»  which  soon  solidify  to  crystals.  From  tne  hydrochlorate  every  trace  of  the 
base  may  be  removed  by  prolonged  washing  with  water.  The  hydrochhraie, 
G**H**N.£[C1,  is  obtained  brrecrystallisation  from  alcohol  in  white  needles,  which  soon 
turn  blue  in  contact  with  the  air. 

Diphenylamine  and  its  salts  treated  with  strong  nitric  acid  immediately  assume  a 
splendid  blue  colour ;  the  reaction  is  best  exhibited  by  mixing  the  base  with  hydro- 
chloric acid,  and  then  adding  nitric  acid  by  drops ;  it  is  yery  delicate,  and  serves  to 
distinguish  diphenylamine  from  aU  similar  bodies  exoeptinff  phenyl-tolylamine  (p.  454). 
The  compound  to  which  this  blue  colour  is  due  is  likewise  produced  by  the  action  of 
other  oxioising  agents ;  thus  on  mixing  a  solution  of  the  hyoxochlorate  with  platimo 
chloride,  a  blue  solution  is  formed,  from  which  the  chloroplatinate  separates  only  on 
very  strong  concentration,  and  even  then  deeply  coloured. 

When  diphenylamine  is  mixed  with  tclvidiiu  (benzylamine)  and  the  mixture  treated 
witii  mercuric  chloride  or  arsenic  acid,  or  any  of  the  other  reagents  by  which  or- 
dinary aniline  is  converted  into  aniline-red,  a  fused  mass  is  obtained  which  dis- 
solves in  alcohol  with  splendid  violet-blue  colour.  The  body  tbus  formed,  which 
has  the  character  of  a  true   dye-stuff,   is  probably  monophenyl-rosaniline. 

An  alcoholic  solution  of  diphenylamine  mixed  with  bromine,  yields  a  yellow 
crjrstalline  precipitate  of  tetrabromo-diphenylamine,  C'^^r^N,  probaoly  a 
(G*H*Br*)*HN.  It  is  sparingly  soluble  in  cold  alcohol,  and  separates  from  boiling 
alcohol  in  beautiftd  sOky  crystals. 

Diphenylamine  heated  with  chloride  of  bensoyl  yields  diphenyl-bensamide, 

C^H*o(^'  in  the  foim  of  a  thick  oil  which  crystalliseB  on  cooling.    (See  PHiinrL« 

BUnAKXDBS). 

2.  TBiFHBNTLAicnn.  CP*EP^  -  (C*H*)FN.  DiphenyUaniline.  (Qossmann, 
Ann.  Gh.  Pharm.  c  57.) — This  base  has  not  yet  been  obtained  directly  from 
aniline  or  anv  other  phenvl-compound ;  but  a  base  metameric,  or  possibljr  identical,  with 
it  is  tncoduced  by  the  distillation  of  sulphate  of  cinnamyl  and  ammonium  with  slaked  lime : 

2[G»H»(NH*)S0«]  +   Ca"lPO»     =     C»»H»»N  +  NH»  +   2HK)   +  Ca'H'SK)*. 

The  distillate,  which  consists  of  a  dark  yellow  oily  liquid  and  a  watery  ammoniacal 
liquid  containing  the  organic  base,  is  boiled  with  carbonate  of  sodium  or  dilute  potash-ley, 
till  all  the  ammonia  and  volatile  hjdnx^irbon,  &c.,  are  e^)elled ;  the  fixed  alkali  re- 
moved by  repeated  washing,  &&,  with  diminishing  quantities  of  hot  water ;  and,  after 
the  water  has  been  separated  as  completely  as  possible  by  deeantation,-  the  oily  base  is 
distilled  in  a  slow  stream  of  hydrogen,  the  temperature  being  kept  low  at  first  to  evap- 
orate the  water,  and  the  base  afterwards  distilled  off  between  140^  and  150^;  this 
temperature  diould  be  kept  up  as  long  as  possible,  since  the  base  decomposes  at 
higher  temperatures. 

The  base  thus  obtained  is  a  colourless  oily  Uquid,  which,  on  exposure  to  the  air^ 
becomes  yellow  at  first,  and  afterwards  red.  It  boils  between  140^  and  150°,  and  dis- 
solves sparingly  in  water,  readily  in  alcohol  and  ether. 

The  salts  are  very  unstable,  all  of  them,  excepting  the  chloroplatinate,  decomposing 
spontaneously  on  exposure  to  the  air  eitiier  in  aqueous  or  alcoholic  solution.  The 
Ji^drochlorate  crystaluses  in  shining  laminn  having  a  slight  tinge  of  red.     The  ehloro- 
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piaHnaU,  2C*"H*<NGlPti*Ci\  lepantason  mixing  the  alooholie  hvdioohlonte  with  a 
moderately  strong  and  neutral  alcoholic  solution  of  platinie  Gfal<»ide,  as  a  dark  yellow, 
bulkyi  flocculent  precipitate,  permanent  in  the  air,  and  oystallising  from  alcohol  of 
76 — 80  per  cent,  oy  en^ration  over  oil  of  Titriol,  in  brown  glassy  oystals  belong- 
ing to  the  regular  system. 

An  alcohoUc  solution  of  the  free  base  mixed  with  alcoholic  platinie  ehloride,  forms  a 
bulky  precipitate  of  the  compound  C*"H*N*PtCK  Analogous  compounds  are  obtained 
with  mercuric  chloride  and  nlver-nitrai^. 

The  base  C"H"N  above  described  is  usually  regarded  as  triphenylamine^  but  it  has 
not  been  shown  to  yield  by  decomposition  any  compound  of  phenyl,  or  any  of  the  usual 
products  of  decomposition  of  phenyl-compounds;  and  the  mode  of  its  formation  seems 
nther  to  show  that  it  is  dicinnamylamine,  (G'H*)*HN.  With  iodide  of  ethyl,  it 
yields  the  compound  C"H"NI  -  (0»H»XC^»)'NI  or  (C«H»XC»HO'HNI  (see  phenyl- 
ammonium). 

TolTtaalUBfl^    »enmylantHiMS    Vbeayl-^toljtaiiilBe  or  ntaayl-toeBsjl- 

avda*.    C**Em  -  C«H*>N.  (Hofmann,  Ann.  CLPharm.  cxxxii.  292.)— Produced 

h) 

by  the  dry  distillation  of  a  salt  of  tzitolyl-rosanillne  (toluidine-blue)  in  the  same  manner 
as  diphenylamine  is  inoduoed  from  triphenyl-rosaniline  (p.  468).  To  prepare  i^  a 
solution  of  crystallised  acetate  oi  roeaniline  in  twice  its  weight  of  toluiune  (benvfl* 
amine)  is  boiled  for  some  hours  in  a  flask  haying  a  yertical  condensing  tube ;  the  bne 
mass  is  then  distilled,  and  the  dintJllate  mixed  with  hydrochloric  acid  and  then  with 
water,  whereby  aniline  and  toluidine  and  other  bases  accompan^ring  the  phenyltol^l- 
amine  are  dissolved  as  hydrochlorates,  while  the  phenyl-tolyUmine  remains  as  an  oily 
layer,  which  usually  solidifies  or  may  easily  be  purified  by  rectification.  The  resulting 
crystals  are  finally  recrystallised  from  alcohoL 


Fhenyl-tolylamine  melts  at  87^  and  boils  334*6  (corrected).  It  is  much  less  soluble 
than  diphenylamine.  JSitric  acid  converts  it  into  a  blue  substance  scarcely  distinguish- 
able fix>m  that  produced  in  like  manner  from  diphenylamine.  It  unites  with  aeide 
forming  loosely  combined  compounds  which  are  easily  decomposed  by  contact  with  water, 
bv  heat,  or  even  by  evaporation  in  a  vacuum.  The  hydrocUorate,  C'*H"N.HC1, 
ODtained  by  adding  concentrated  hydrochloric  acid  to  a  concentrated  aloohdic  solution 
of  the  base,  crystiulises  in  laminse. 

Fhenyltolylamine  ftised  with  mercurie  chloride,  forms  a  dark-coloured  mass  which 
di  solves  in  alcohol  with  splendid  violet-blue  colour,  and  probably  consists  of 
diphenyl-rosaniline,  C~H"(C«H»)«N». 

fhenyl-tolylamine  heated  with  chloride  of  henzoyl,  forms  phenyl-tolyl-benz- 
amide)  (C«H»)((rH»XC^«0)«N. 

Vlnjl-uillliie.  C«H'N  »  (C*H")(C*H>)HN?  Aoet^l-aniUne.^A  base  obtained 
together  with  other  products,  by  the  action  of  chloride  of  ethylene  on  aniline 
(Natanson,  Ann.  Ch.  Pharm.  xeviiL  297).  It  is  probably  identical  with  ethylene- 
phenylamine,  (G*fi«)"(<^H*)N  (see  page  456,  foot-note). 

b.  VlMD  jt-dlamiaes. 

These  are  diatomic  ammonias  having  2  at.  hydrogen  replaced  by  phenyl,  and  2  or  3 
other  hydrogen  atoms  by  a  di-  or  tri-atomic  radicle. 

Hofmann  (Proc  Boy.  Soc.  ix.  277 ;  x.  104),  by  acting  upon  aniline  with  dibromide 
ofetfaylene,  obtained  ethvlene-diphenyldiamine  and  diethylene-diphenyl- 
diamine,  according  to  tne  equations : 

2(C^».ff«.N)  +   C«H*Br*     -    (0*H*)''((>H»)«H«N«  +  2HBr. 
2(C«H».H«.N)  +  2(?H<Br*  -     (C«6*)«(C«H»)«]Sr«       +  4HBr; 

and  Sehiff  (Ann.  Oh.  Pharm.  Suppl.  iiL  848),  by  treating  aniline  with  acetic  aldehyde 
(oxide  of  ethylidene),  has  obtaincNi  two  compounds  of  l^e  same  composition  as  the  pre- 
ceding, but  diifering  ttom  them  in  physical  properties,  and  related  to  them  in  the  same 
manner  as  aldehyde  to  oxide  (^  ethylene,  and  acetal  to  diethylate  of  ethylene,  that  is 
to  say,  containing  ethyUdene  (ii  698)  instead  of  ethylene.  Their  formation  may  be 
repreigented  by  equations  exa<^y  similar  to  the  preceding,  substituting  O  for  Br*. 

Compounds  analogous  to  ihe  second  of  these  bases  are  likewise  obtained  by  treating 
aniline  with  valerianic^  cananthylio^  benzoic,  and  other  aldehydes,  the  general  equation 
of  their  formation  being : 
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A  iJiMiyl-diftniiie  oontaining  a  triAtomie  eadide,  vi&  formjl-diphenYl-diamine, 
(CH)'_(C*H*)'HN',  i»  prodooed  by  the  actioii  of  cblozofonn  on  anilixM  (Hofmann, 
Pkvc.  JSo/.  So&  iz.  230X  thw: 

2(0'H».H«.N)  +  CHCT    -    (CH)^(OTI»)«HN«  +   8HCL 

Orioif  (AniL  Ch.  Fharm.  ezzL  257;  Jaluesb.  1862,  p.  887),  by  passing  nitioiu 
add  into  an  aloobolie  solation  of  anilina^  has  obtained  asoaipnenyldiamine, 

QitQii]p  0      j^**    \,jp .  ^Q^  similar  oomponndB  aze  obtained  by  the  aetion  of  nitrom 

add  on  aleoholie  eolntions  of  bromaniline^  ehloraniluie,  and  nitraniline. 

Lastly,  melaniline^  C^'W, maybe  legaxded  as  cyano-diphenyl-diamini^ 

CN   ) 
(C*H*}*>1T*,  and  the  base  CP'H^'N*,  prodnoed  by  the  aetion  of  tetradilozide  of  carbon 

CN    ] 
onaniliM^  ascyano-triphenyl-diamine,  (CH*)*>H'. 

1.  Ethylene-eompoundt, 

■ilijlaaa  ilyliaBil  fllamlna  (^^B}^N»  *  (O^T(C«H>)*H*N«.~Thifl  oom> 
^MNmd  is  obtained  by  treating  bromide  of  ethylene  with  a  larse  excess  of  anOine  (1  yoL 
of  the  former  to  4  toL  of  the  latter).  The  miztue  rapidly  solidifles  to  a  erystalline  masSk 
from  which  water  removes  a  consiaenUe  qvanti^  of  hydvochlorete  of  aniUne,  leaving  a 
brown  resinous  substance,  which  giadmdly  but  impeifectly  solidifies.  This  sabetance 
forms  a  faydroehlorate  whieh  dissolves  bat  sparingly  in  atxang  hydrochloric  add,  and  may 
be  readily  purified  by  repeated  eiyatallisation  from  boiling  aloohoL  On  mixing  the 
aqueous  station  of  this  pore  hydroohlofate  with  potaahor  ammonia,  ethylene-diphenyl- 
^amine  eq^Mimtes  as  an  oil  wmeh  quickly  solidifleH  to  a  oystalline  mass  and  may  be 
porifled  by  repeated  cr^tallisation  from  dilate  alcohol. 

Ethylene-diphenyl-diamine  is  very  soluble  in  alcohol  and  ether.  It  melts  at  59^. 
With  hydrocMorio  add  it  forms  the  hydrochlomte,  G>«H<*N*.2HC1,  or  chloride  of 
ethylene-dtphenyl-diammoniaBi,  ((?n*y{C^*yWS\Gi\  which  when  treated  with 
flathUe  ehiaride  yields  the  chloroplatinate,  (C*H«nC<H')*H«N*Gl<JPt*^a'. 

Dibromide  of  ethylene  in  presence  of  aJeohoI,  oonverta  it  into  diethylene-diphenyl- 

(C?H«)"(Cra»)«H*N»  +  (?H*Bf«  .  (C%*)*(C^»)*N«  +  2HBr. 
Ethylene-diphenyl'diethyl'diamine,  G"H*'l!P  -  (G*H«)'(G*H«)XO>H>)^N>, 
is  obtained,  in  combination  with  hydriodic  add,  by  digestii^  ethylenie-diphenyl-diamine 
with  iodide  of  ethyl  for  some  hours  at  100<».  The  iidru>£xte,  G>"H*«N*.2Hl,  or  iodide 
of  ethylene-diphenyl-diethyl-diamuKmium,  C»*H»^N»P  -  (C«H«)''(0»H»)«(C*H*)«H«N«.P, 
then  separates  in  well-deflned  priams  sparingly  soluble  in  water,  more  soluble  m  aleohoL 
When  treated  with  potash  it  yields  the  free  base,  C^^H'^^N*,  which  ia  also  crystalline  and 
melts  at  7(P.    The  ehl&roplahiuae,  C»H«NH)l*.Pt^*a\  erystaUises  in  needles. 

AtaOiylmM-dlplMiayl-diaiiiliia.  C*«Hi*N*  -  (C:^H^)>(CrB*)*N*.— This  base  is 
produced,  as  already  observed,  by  the  action  of  bromide  of  ethylene  on  ethylene- 
diphenyl-diamine;  aijBO»  together  with  two  others  having  the  same  percentage  composition, 
by  heating  1  voL  bromide  of  ethylene  with  2  voL  aniBne.  It  was  at  first  regarded  by 
Hofroann  as  ethylene-phenylamine,  (C*H*)''(C*H*^N,  but  its  deportment  with  the  iodides 
of  methyl  and  eUiyl  (p.  456)  show  it  to  be  a  diamine.  It  is  polymeric,  or  metapolymeric, 
with  toe  base  culed  vinyl-phenylamine,  which  Natanson  obtained  by  the  action  of 
dichloride  of  ethylene  on  anuine,  aud  yd^  phthalidine,  (G'*H^)H'N  (?),  which  Dusait 
found  among  the  products  of  decompodbion  of  nitronapbthalene. 

Frepaitatum, — K  mixture  of  1  vol.  bromide  of  ethylene  and  2  vol.  aniline  exposed  to 
the  heat  of  boiling  water  for  an  hour  or  two,  solidifies  to  a  crystalline  mass  consisting 
of  hydrobromate  of  aniline,  together  with  three  other  bases,  partly  free,  partly  as  hy- 
drol«omates.  These  bases  are  separated  bv  their  difi*erent  degrees  of  solubhty  in  alcohol, 
the  first  being  extzemely,  the  second  but  slightly  soluble,  and  the  third  insoluble.  To 
effect  the  sepamtdon,  the  solid  mass  is  distilled  with  water  to  remove  unaltered  aniline 
and  bromide  of  ethylene^  and  the  roddne  is  mixed  with  strong  caustic  potash,  which  sets 
free  the  portion  of  the  bases  combined  with  hydrobromic  acid,  in  the  form  of  a  semisolid 
resin.  This  is  washed  with  water  and  redistilled  with  water,  whereby  an  additional 
quantity  of  unaltered  aniline  is  expelled,  and  the  reddnary  mass  is  treated  with  boil- 
ing spirit  (methylated).  The  insoluble  base  is  then  left  as  a  white  powder,  while  the 
other  two  dissolve  in  the  spirit,  and  the  solution  on  cooling  deposits  aystals  of  the  less 
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soluble  base,  which  is  diethylene-diphenyl-diamine,  and  constitates  by  fartha 
4azgest  part  of  the  prodact^  while  the  more  aolnble  base  remains  in  solution.*  The 
diethylene-diphenyl-diamine  may  be  purified  by  two  or  three  eiystaUisaftions  from 
akohoL 

H-operHea, — ^Diethylene-di^enyl-diamine  oystallises  in  snow-white  nacreous 
needles,  tasteless^  inodorous,  insoluble  in  water,  soluble  in  boiling,  less  soluble  in  oold 
alcohol,  soluble  in  ether  ;  the  eolations  are  neutral  to  vegetable  colours.  It  melts  at 
148^,  and  begins  to  boil  and  distil  at  300^,  the  greater  purt  undergoing  decomposition 
and  yielding  considerable  quantities  of  aniline,  together  with  other  products  not 
examined. 

The  base  dissolves  easily  in  hydrochloric,  sulphuric,  and  nitric  acid,  especially  on 

itly  heating  the  liquids,  which  on  cooling  deposit  well  cirstallised  salts.     The 

fdrochlorate,  C>*H**N*.2Ha  or  C^'H^N^Gl*,  forms  yellow  preapitatw  with  auric  and 

itinic  chlorides,  the  latter  containing  C»«H»N«Cl*J?t»'Cl*. 

The  base  is  not  acted  upon  in  any  way  by  bromide  of  ethylene,  eren  after  prolonged 
contact  at  100^ — 150°;  but  when  heated  for  some  time  to  100^  with  the  iodidfs  of 
methyl  and  ethyl,  it  unites  directly  with  them,  yielding  the  compounds  C"!H'*N*.i;il'I 
and  C»«H'«N«.C»H»I. 

The  methyl-compound,  when  freed  from  excess  of  methylic  iodide  by  distillation  with 
water,  then  wqsbea  with  cold  water  and  repeatedly  ciystallised  from  boiling  water — 
mixed  in  the  latter  stages  with  a  small  quantity  of  spirit — is  a  ervstalline  yellowish 
compound  which  may  be  dried  at  100°  without  decomposition.  Oxide  of  silver  cox^ 
verts  it  into  a  powerfully  alkaline  liquid  resembling  the  solution  of  hydrate  of  tetrethyU 
ammonium,  and  yielding  with  hydiochlorie  acid  and  platinic  chloride,  a  pale  yellow 
tLmorphoQB  platinum-salt  containing  2(C>«H»«N«.CH*Cl).Pt»'Cl*. 

The  ethyl-compound^  G"H*'N'.CH%  is  obtained  in  Uke  manner,  but  requires  longer 
digestion.  It  oystallises  in  yellowish-white  needles  which  melt  at  100°  to  a  yellow  oiL 
It  is  also  decomposed  by  oxide  of  silver,  yielding  a  strongly  alkaline  solution  which 
forms  with  hydrochloric  add  and  platinic  chloxide  the  compound  2(G"H*'N^CHK/1). 
WCl*. 

2.  Ethylidene^eompounds, 

By  the  action  of  acetic  aldehyde  on  aniline,  two  bases  are  formed  isomeric  with  the  ethy  ■ 
lene  bases  just  described.  At  ordinaiy  temperatures  the  action  takes  place  with  great 
violence,  water  being  separated  and  a  thick  brown  liquid  formed.  But  if  the  two  liquids 
before  mixing  are  coolea  by  a  mixture  of  ice  and  salt,  and  the  aniline  is  kept  in  excesiv 
a  more  moderate,  though  still  very  rapid  action  takes  place,  and  the  resulting  mass  has 
only  a  slight  yellow  OMOur.  This  product  enclosed  in  a  sealed  tube  and  left  to  itself 
for  some  weeks,  assumes  a  red  colour  which  becomes  darker  on  finally  heating  it  to 
100°  for  a  few  hours.  On  opening  the  tube,  the  water  formed  during  the  reaction  (p.  464) 
is  easUy  decanted  from  the  thick  liquid,  and  the  latter,  after  being  freed  from  excess  uf 
aniline  by  dilute  acetic  acid,  may  be  further  purified  by  washing  it  several  times  with 
water,  dehydrating  it  in  the  fdsed  state  with  chloride  of  calcium,  then  dissolving  it  in 
a  considerable  quantity  of  ether-alcohol  to  separate  certain  flocci]Jent  impurities,  evap<- 
prating  the  solution  in  a  retort,  and  drying  the  residue  for  some  time  between  100° 
and  1 10°.t  The  product  thus  obtained  is  a  shining  ropy»  slightly  violet-coloured  mass 
containing  ethylidene- and  diethylidene-diphenyl-diamine,  which  may  be 
separated  by  boiling  alcohol,  the  latter  dissolving  easily  and  abundantly  therein,  while 
the  greater  part  of  the  former  remains  andisscSved  and  the  rest  separates  from  the 
idcoholic  solution  on  cooling. 

BeiaarUaene^-dlplkenyl-dlQialne,  C'«H><N*  =  <C*H7'(0^')*H^'>  is  obtained  by 
repeated  ciystallisation  from  hot  alcohol  in  spherical  groups  of  civstals  always  having 
a  faint  yellow  colour;  in  the  perfectly  pure  state,  it  wo^d  probably  be  colourless.  When 
inroosed  to  light  and  air  it  gradually  turns  reddish.  It  does  not  unite  with  the  weaker 
acids,  but  readily  with  the  stronger  acids.  The  sulphate,  nitrate,  and  fdrochlorate  are 
so  extremely  soluble,  even  in  alcohol,  that  they  cannot  be  made  to  ciystulise.  The  base 
deliquesces  in  hydrochloric  add  gas.  The  add  solution  of  the  hydrochlorate  is  pre- 
dpitated  by  several  metallic  salts.  With  mercuric  chloride  it  forms  a  yellow  floccn* 
lent  crystalline  pzedpitate  of  the  chloromercurate,  2(C>^i*N'.flCl)Hg'^Cl*,  which  is 

•  Tbe  more  lolable  aod  the  inioliible  base  haTe  the  ume  percenUgt  eoraposttlon  at  diethylen^ 
dlphnifl-dianilne,  but  their  rational  fomulce  bMTe  not  been  determined.  It  I*  probable,  howeTor,  that 
thefonnerUathflene-phenjrlamine,  Cbh«N  a  (C>H<y'(C*H»)N,  and  the  latter  trie  thy  lene. 

trlphenyltriamlne,  CM  HVN>  m  (CfH4)S<CSH«)*N>.    The  former  U  probably  also  IdenUcal  with 
>IatanBon's  Tln/Uphenylamtne  <p.  4M). 

f  The  same  method  eerTes  for  the  purification  of  the  products  obtained  by  the  action  of  other  alde- 
fiydrs  upon  aniline,  to  t>e  described  further  on. 
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4ii8olaUe  inwiter,  bat  dkaoLym  in  aleoliol  oontainiiig  hydrochlorie  add,  fonninc  a 
solation  ftom  which  solphydric  add  throws  down  wij&dy  diTided  mercnrieBQlphide. 
At  180^  it  toma  red,  begina  to  fiiae»  and  gim  off  a  lai^  quantity  of  hydrocnlorio 
add,  leaTing  the  oompoond  2C>«H»N*  HgXl*. 

The  ekhnfloHnate,  2(C>«H>•N'^a).Pt*'Gl^  is  a  yellowish-red  erystaUine  prodpiuta 
inadnble  in  water,  slightly  sdnble  in  aleohoL 

»totbarUdMM-dl9li«B3rl-dlM&laa.  C>*H>"N*  -  (C«&«)*(C^*)«N*.~Thi8  haae 
remains  on  eyaponiting  the  alcoholic  solution  above  mentioned,  as  a  red  resinous  mass, 
and  may  be  obtained  by  repeated  solution  in  alcohol,  and  repeated  predpitation  from 
add  solation,  in  solid  bnt  not  in  crystalline  form.  It  may  also  be  prepared  by  the 
action  of  aniline  on  oxychloiide  of  ethylidene  (ii.  599) : 

(C*«)«C1»0    +    4C«H^      -      (C^*)«(C«H»)«N»     +     2(C«H»N^a)     +     H«0. 

It  differs  from  the  monoethylidenated  base  in  its  inferior  tendency  to  crystallise,  bnt 
resembles  it  yeiy  dosdy  in  solubility  and  in  its  behaviour  with  acids.    Its  solution  in 


predpitate  of  the  compound  2C*<Hi^N*.Hg'' 

Both  the  ethvlidene  bases  unite  with  iodide  of  ethyl,  forming  compounds  probably 
similar  in  constitution  to  the  ethylene*compounds  already  mentioned  (p.  456).  On  heat- 
ing 1  at^  of  the  diethylidene-base  with  2  at  ethylic  iodide,  a  oonsidarable  postion  of 
the  latter  remains  nncombined,  but  the  resulting  compound  does  not  crystaUise  well, 
and  has  not  been  analysed* 

8.  Phenyl-diamnee  eontaimng  other  Aldehyde-radides. 

C»«H»«N»     ^c«H»/|  N«.— Produced  by  treat- 

ing  aniline  with  acrolein.  The  action  is  very  violent  ana  requires  to  be  moderated 
bjr  a  freesing  mixture.  The  pungent  odour  of  the  acrolein  is  instantly  destroyed,*  and 
the  product,  treated  by  the  methyl  of  purification  above  described  (p.  456),  yields  the 
diamine  in  the  form  of  a  yellow  inodorous  mass,  which  dries  up  to  a  varnish,  and  if  it 
still  retains  a  slight  excess  of  aniline^  assumes  a  fine  red  colour  when  (by.  It  is 
insoluble  in  water,  slightly  soluble  in  alcohol  Its  salts  have  not  been  obtained  in  the 
crystalline  state.  The  hydrochloric  acid  solution  mixed  with  alcohol  yields  pulverulent 
predpitates  with  mercuric  and  platinic  chloride.  Thejdaiinum-eaU  gave  by  analysis 
21-24  and  21*38  per  cent  phitinum,  the  formula  2(C'"H*«N'.HCl)Ra^  requiring  21*2 
percent 

BtamjUdeiM-aiplieiiyL-dUiiiliie.  C»H*^  »   |^1T|n*.— IVoducedbythe 

action  of  valeraldehyde  on  aniline.  The  action  is  much  lees  energetic  than  with  acetie 
aldehyde;  neverthdess  it  is  attended  with  considerable  rise  of  temperature  and  im- 
mediate separation  of  water.  The  product  purified  as  above  is  a  thick  yellow  oil  having 
a  bitter  taste,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether.  It  does  not  unite 
with  adds ;  the  alcoholic  solution  mi^ed  with  hydrochloric  add  and  platinic  chloride 
and  evaporated,  does  not  yield  any  platinum-salt.  Heated  with  iodide  and  bromide  of 
ethyl,  it  yields  compounds  having  the  consistence  of  turpentine. 

Altogether  this  and  the  following  compounds  differ  oondderably  in  their  properties 
from  the  ethylidene-diamines,  occupying  indeed  an  intermediate  place  between  bade 
amines  and  add  amides,  and  perhaps  approachinff  more  nearly  to  the  latter.  Never- 
theless their  relation  to  the  ethylidene  bases  and  their  capability  of  nuitjtig  with  the 
iodides  of  ethyl  and  methyl,  make  it  more  convenient  to  regard  them  as  amines. 

IMbeasTUaeiie-dlplienjl-dSamliM,    C»*H«*N«  »  i^gJ^'|N«— This  compound 

was  discovered  by  Laurent  and  Gerhardt  (Ck)mpt.  chim.  1850,  p.  117),  who  called 
it  benzoyl€tmlide,  and  assigned  to  it  the  formula  G"H"N.  It  is  produced  by  the 
action  of  aniline  on  bitter  almond  oil  The  two  bodies  act  upon  one  another  at  ordi- 
nary temperatures^  with  separation  of  water,  and  the  reaction  may  be  completed  by 
heating  the  mixture  to  100^  for  a  few  hours.  The  product  is  a  crystalline  mass  which 
may  be  purified  by  repeated  crystallisation  from  hot  alcohol  or  from  alcohol  and  ether. 
It  then  forms  crystalhne  plates,  according  to  Laurent  and  Gerhardt ;  iSchiff,  however, 
obtained  it  only  as  a  yellow  crystalline  mass.     Laurent  and  Gerhardt  found  that  it 

*  A  respirator  motitmed  with  •  imall  qtuntltv  of  tniUna  aflbrds  a  very  good  protection  agaioat  the 
intensely  irritating  vapours  of  iKrolein.    <  8  c  li  1  u.) 
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conid  be  disfiUed  vithont  decompoaidon  and  vas  Hum  obt^ad  quite  oebliileaa;  hut 
aocoidiiig  to  Sehiff  it  ia  in  great  part  deoorapoeed  by  diarillaHon. 

Benmn,  C*«H>K>*,  heated  vith  aniline  to  100^  yields,  with  aepai»ti<m  of  vmter,  s 
product  which  appears  to  be  identical  with  that  obtained  with  bitter  almond  oil,  hvA 
cryatalliaea  more  readily  from  ether.    (8  ehi  ft) 

Dibenzylidene-di^benvl-diamine  is  tasteLeas  and  inodofona,  Teiy  fbaifale^  inwolnMe  in 
foaier,  yary  solnble  in  cJoohol  and  in  ether.  It  dissolves  in  hot  strong  hydrochloric 
aeidf  and  does  not  appear  to  be  decomposed  by  boiling  the  solution ;  bnt  ia  amarated 
in  its  original  state  on  addition  of  ammonia.  It  is  not  dissolved  by  oceHc  aM,  By 
boiling  with  strong  nitric  or  stdvhwric  acid,  it  is  resolved  into  bitter  almond  oil  and 
aniline.  Bromine  passed  into  tne  alcoholic  sohition  throws  down  crystalline  tzibrom- 
aniline  (Laurent  and  Gerhardt).  It  does  not  form  a  chloropladnate.  It  unites, 
but  alowly,  with  wdide  of  ethyl.  When  1  at.  of  the  diamine  and  %  at  iodide  of  ethyl 
are  heated  together  for  two  days  in  a  sealed  tnbe^  a  oonsiderableportion  of  the  latter 
remains  undeeomposed.  AcoOTding  to  Borodine  (Aim.  Ch.  Fharm.  exi  254),  ben- 
Boyl-anilide,  C"H"N,  unitee  with  1  at  ethyHc  iodide,  and  the  eompoond  boiled  with 
potash  yidda  an  alkaline  maaa  whicJi  deeompoaea  by  distillation,  yielding  a  strongly  al- 
kaline £quid.  According  to  SchifT,  however,  the  alkaline  maas  thus  obtaued  ia  nouung 
but  a  mixture  of  Uie  original  substance  with  aniline,  which  pasaea  over  on  distillation. 

The  diamine  when  exposed  to  the  air,  especially  if  moist,  aasumes  a  blue-green 
joolour,  and  is  ultimately  converted  into  a  coloured  amonhous  maaa.  A  blue  colour  is 
also  produced  by  heating  its  alcoholic  solution  with  mtrie  acid  or  with  merenric  or 
platinie  chloride,  also  by  heating  it  in  sealed  tubes  with  ammonia.  As  the  diamine 
contains  the  radides  phenyl  and  benaylidene,  the  blue  substance  nodnced  in  tiiese  re* 
actions  is  probably  related  to  the  anijjne  dyes  (see  Affuvdix  to  raamrLAMiMns). 

The  neutral  diamine  obtained  either  by  the  action  of  bitter  almond  oil  or  of  benaoin 
upon  aniline,  undergoes  a  remarkable  change  when  kept  for  some  months  in  sealed 
tubes  at  ordinaxy  temperatures,  or  heated  for  about  ten  hours  to  ISO^  and  at  last  to 
200^.  It  is  then  converted  without  change  of  compoaition  into  a  baric  substance  capa^ 
ble  of  forming  salts  with  acids.  The  basic  modification  is  a  brown  glassy  substance 
much  more  soluble  in  alcohol  than  the  original  body,  less  crvstallisable,  ana  in  contact 
with  adds,  immediatdv  aoquires  a  deep  red  colour.  Its  salts  are  sparingly  soluble  in 
water,  easily  in  alcohol.  The  hydroduorate  gives  predpitates  with  mercuric  and  pla- 
tinie chloride.  Tha  platinum'Sdlt  contains  17*6  per  cent,  platinum,  agreeing  with 
the  formula  2(G>^*mHGl)PtCl\  which  requires  17*5  per  cent 

This  baaic  diamine  is  related  to  the  original  compound  in  the  same  manner  as 
the  ethylene-baaea  to  the  ethylidene  bases  above  described,  or  as  amarine  to  hydro- 
benaamide;  it  ma^  thereforebe  called  dibenzylene- or  ditoluylene-diphenyl- 
diamine.    (Schiff.) 

Bensylidcne-diethyl-diphenyl-diamine,  C»H"N«  -  (C^H«)''(C»H»)« 
(CH*)^*. — ^Produced  bj  the  action  of  bitter  almond  oil  on  ethyl-aniline,  generally  in 
the  form  of  a  reain,  which  may  be  obtained  in  solid  fonn  by  repeated  separation  from 
its  metaUic  oompounda.  It  ia  inaoluble  in  water,  aparingfy  soluble  in  alcohol,  more 
•olnble  in  ether.  It  does  not  form  definite  salts  with  adds,  but  its  solution  in  hydeo- 
«hlario  acid  gives  a  white  predpitate  with  mercuric  chloride^  and  yeUow  with 
platinie  diloride,  the  latter  containing  18*4  per  cent  platinum,  while  the  formula 
S(0>>H*W.HCl)PtCl'  requires  18-6  ^  cent 

Thia  ethylated  diamine  ahowa  a  atill  grnter  tendency  than  the  dibenaylidene  com- 
pound to  form  a  blue  eomponnd  by  ooddation.  The  aomewhat  concentrated  alcoholic 
•ohrtion  ia  dark  red  by  transmitted  and  dark  bine  by  reflected  light 

aWi^gtyltdnmo-tpli— yl^fllnintwt,    OmH^N*   «    ^^1*^^.— Aniline  and 

oenanthol  act  on  one  another  at  ordinary  temperatures,  producinga  rise  of  temperature 
of  40^ — 50^.  The  product  puriiiedas  above  is  a  yellow,  bitter,  oily  liquid  which  may 
be  partially  distilled  without  decomposition.  It  is  not  basic,  not  even  forming  a 
chlozoplatinate.  Kitric  add  attacka  it  violently,  forming  a  brown  resin.  Sulphuric 
add  quickly  deoQmiK>sea  it,  espedallv  when  heated,  into  oanan^ol  and  sulphate  of 
aniline.  It  unites  with  aloohohc  iodides.  When  heated  far  some  hours  to  100^  in  a 
sealed  tube  with  excess  of  amyUc  iodide^  it  yields  a  yellow  viscous  body  containing 
2*18  per  oent iodine,  the  formula  CPH"N'.0*k"I  requiring  2205  per  cent 

(C^H")") 
Ecptyliden^'diallyl'diphenyl-diamine,    (?«H"N*  «  (0»H»)«  >!(••— Pio- 

(C«fl»)*  ) 
duiCed  by  the  action  of  oenanthol  on  allylaniline : 


2 


r-C^H*)    -,      ■  (CH")") 

L    Hj    J  (0»H»)«i 
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It  10  ft  jcllow  oilj'liqtiid  hftTing  ft  bitter  tasto  and  ft  ytrj  ftrong  odour  of  gmnniimifl. 
It  difloolTcs  in  atrong  ralphinie  add,  and  on  addition  of  water,  part  of  it  sfparatea 
nnaltered,  while  the  rat  is  deoompoeed,  yielding  onanthoL   It  has  no  basiL  propertiea. 

H«9twUdene'di$tkphdipkenyl'diamin9.     C^SP^F*    -     (G>H*)'  llT*.— 

(C«H»)»  j 
IVodtieed  by  the  aetion  of  cBPantbol  on  etiiylaniline.     It  ia  a  yellow  oil  which  tnma 
brown  when  heated,  and  diatik,  with  aome  decomposition,  between  215^  and  220^.    It 
doea  not  unite,  either  witii  aeida  or  with  chloridea. 

Aetion  <ffJMUine  on  Onnamio,  Cuminio,  and  SaHqfUe  Aldehydes. — ^Aniline  acta  on 
oinnamic  and  cmninie  aldehydes  in  the  same  manner  as  on  thoee  aboTe  mentioned, 
forming  diaminee  which  haye  no  baaic  propertiea  and  do  not  combine  with  platinie 
chloride.  The  dnnamic  oomponnd  ia  reeinons ;  the  cominic  oomponnd  ia  a  thick  oiL 
The  reeinona  reaidae  left  in  the  distillation  of  comin-oil  is  not  affected  by  aniline. 

Aniline  likewise  nnites  in  a  similar  manner  on  salicylic  aldehyde  (s^j^loun  acid), 
as  observed  some  time  ago  by  Schischkoff  (Compt.  rend.  zlr.  272).  The  product 
is  CTYstalline,  and  consists  of  diphenyl-salicyl-diamide  or  salicylanilide, 
C*B*N*0*,  ft  compound  polymeric  with  phenyl-bencamide  CH**NO.    Ita  formft- 

tioniazepreaanted  by  the  equation  :2Cr&*0  +  2C^H^  «    ^(^^^Tl^  '*'  ^^*^* 

4.  For  mp  I 'Compound, 

VMWf-^ttpteBjI-tflABiliiA.  C'Hi'M*  »  (CHrV5'.~<Hofmann,ProaBoy. 

8oc  isu  229.) — ^Thia  oompoond  ia  fonned  by  the  aetion  of  chloroform  on  aniline : 

40«Em     +     CHGl«      -      C»»ff»N».Ha     +     2(C^Tr.Ha). 

Chloroform  and  aniline  do  not  act  on  one  another  at  ordinary  temperatnrea,  and 
acaroely  at  the  heat  of  boiling  water ;  but  on  exposing  a  mixture  of  the  two  liquida  in 
sealed  tubes  to  180^—190^  for  ten  or  twelre  hours,  a  hard  brown  crystalline  mass  is 
obtained,'ooBsisting  chiefly  of  the  hydroehloratee  of  aniline  and  formyl-diphenyl-diamine. 
To  purify  the  latter,  the  brown  crystalline  mixture  is  triturated  with  water  and  washed 
on  a  filter,  till  the  precipitate  obtained  by  adding  potash  to  the  wash-water,  which  ia 
at  first  oily  and  consists  only  of  aniline,  graduall]^  exhibits  a  tendency  to  solidify  and 
ultimately  fidls  aa  a  yeUowiah-white  crystalline  substance.  The  residue  on  the  filter 
is  then  to  be  dissolved  in  warm  (not  boiling)  water ;  the  solution  is  filtered  from  a  brown 
resinoua  aobstanoe,  and  precipitated  by  ammonia  or  potaah^  and  the  crystalline  preeipi- 
tate  tiioa  obtained  is  washed  till  free  from  alkali,  and  repeatedly  crystdlised  from  weak 
spirit. 

Formyl-diphenyl-diamine  forma  ft  white  dyataUine  powder,  or  sometimes  minute 
scales,  generally  of  a  yeUowiah  tint,  axiain^  from  a  trace  of  a  yellow  substance  formed 
during  the  reaction,  which  adherea  to  it  with  great  tenacity.  It  ia  insoluble  in  water, 
but  diasolres  readihr  in  aleokol  and  ether,  and  is  precipitated  from  hot  solutions  bj 
water  as  ft  yellow  oil  which  solidifles  to  ft  white  erystuline  mass  on  cooling.  It  la 
easily  dissolyed  by  adds,  with  many  of  which  it  forms  crystalline  salts.  These  salta 
are  not  yary  atable,  their  aolntiona,  especiaUy  when  heated,  being  always  found  to 
contain  more  or  less  aniline.  With  potash  or  Mnmonia,  they  yield  a  precipitate  of  the 
base.    The  hydroehlorate  contains  C>*Hi'V*.HCl ;  the  chloroplatinate  2(C>*H>'N*.HC1). 

ptca*. 

6.  Asophenyl'diaminee, 


0««H"N»-  ^^'^Tn^JNi.      TSi'"     [N».(Gri. 


ess, 
H 

Ann.  Ch.  Pharm.  cxxi.  267 ;  Jahresb.  1862;  p.  338 ;  FhiL  Trans.  1864,  [3],  678.)— This 
compound,  which  contams  the  elements  of  aniline  and  acophcnylamine  (p.  481),  and  is 
aooordingly  regarded  by  Orient diaso-amidohenzenef  C'H^N'.C*H\NH'),  is  produced: 
—1.  By  the  direct  aetion  cii  aniline  on  salts  of  asBophenylamine,  the  nitrate  for  example. 
— 2.  By  the  aetion  of  aqueous  aniline-aalts  on  the  compound  of  aaophenylamine  with 
hydrate  of  potassium :  e.^. 

0"H«K«.KBO  +  CflE'N.HCl     -     C««H"N«  +  KCl  +  HW. 
8.  By  the  action  of  nitrous  acid  on  an  alcoholic  solution  of  aniline : 

2C«H'N   +  NHO«     -     C«H»N«  +   2HH). 
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To  piepare  it  by  the  last  mentioned  reaction,  nitrouB  acid  gas  ia^slofwly  paiiBed  into 
a  cooled  solution  of  aniline  in  6  to  10  pts.  alcohol,  till  a  small  portion  of  the  solotion 
leaves  on  evaporation  an  oily  residue^  which  solidifies  to  a  crystalline  resin,  or  till  this 
residue  begins  to  be  insoluble  in  dilute  acetic  acid.  The  brown-red  alkaline  solution 
contains,  together  with  axodiphenyl-diamine,  variable  quantities  of  phenol,  benzene, 
nitrate  and  nitrite  of  aniline,  and  nitrate  of  azophenylamine  (p.  431^  formed  by  the 
further  action  of  the  nitrous  add  on  the  azodipheu^l-diamine.  On  mixmg  the  alcoholic 
solution  with  a  large  quantity  of  water,  the  diamine  separates  as  an  oily  mass  which 
afterwards  solidifies,  sometimes  in  yellow  crystaLs.  It  may  be  fireed  from  the  mother^ 
liquor  containing  the  other  substances  just  mentioned,  by  pressure  and  washing  with 
cold  water,  and  farther  purified  by  several  recrystallisations  iiom  hot  aloohoL 

Azodiphenyl-diamine  crystallises  in  golden-yellow  shining  laminffi,  or  less  frequently 
in  needles.  It  is  tasteless  and  inodorous,  insoluble  in  water,  sparingly  soluble  in  cold, 
more  soluble  in  hot  alcohol,  and  soluble  in  all  proportions  in  ether.  It  melts  at  91^ 
to  a  red-brown  oil,  which  solidifies  again  in  the  crystalline  state  at  50° ;  at  a  higher 
temperature  it  decomposes,  and  if  in  laige  quantity,  explodes  violently  at  about  200°. 
It  is  insoluble  in  the  weaker  acids,  and  is  easily  decomposed  by  strong  acids,  with 
evolution  of  nitrogen.  It  is  only  towards  platinic  chloride  and  nitrate  of  silver  that  it 
exhibits  any  basic  character.  The  plaHnumrsalt,  2(C»H"IT*.HCnj^Cl«,  separates 
on  mixing  the  alcoholic  solution  of  the  base  with  an  add  solution  of  platinic  chloride, 
in  small  reddish  needles  or  prisms,  nearly  insoluble  in  alcohol,  etner,  and  water, 
easily  decomposible,  detonating  when  strongly  heated.  With  nitrate  of  silver  the 
diamine  forms  a  greenish-yellQW  predpitate^  agreeing  approximately  with  the  formula 
C"H"N».NAgO«. 

Azodii>henyl-diamine,  heated  with  strong  hydrochloric  acid,  under  a  layer  of  ether,  is 
resolved  into  phenol,  hydiochlorate  of  aniline,  and  free  nitrogen: 

C«H»N»  +  H*0  +  Ha    -    C«HH)  +  C^'N.Ha  +  N». 

With  bromine  in  ethereal  solution  it  forms  hydrobromate  of  asophenylamine,  whicn 
separates  out^  and  tribromaniline,  which  remains  in  the  mother-liquor  and  afterwards 
crystallises  in  white  needles : 

C«H"N»  +  Br*     -     C«HW.HBr  +  C^*Br»N  +  2HBr. 

Bromopicrin  is  also  formed  as  a  secondary  product  When  the  diamine,  dissolved  in  a 
mixture  of  alcohol  and  ether,  is  treated  with  nitric  acid  containing  nitrous  acid,  nitrate 
of  azophenylamine  is  formed,  and  separates  in  white  crystals : 

Ci2H"N«  +  NHO«  +  2NflO»     «     2(C«H*N«.NH0«)  +  2HH). 

(C^*Br)«) 
Aso'bromodiphenyl'diamine,  C**H'Br*N'  =s        N*      vN«,  or  DiagoamUUh- 

H  ) 
bromobensene,  C«H*BrN*.C<H^Br(NH*).— Produced  by  the  action  of  bromaniline 
on  nitrate  of  azophenylamine  (or  azobromophenylamine)  or  of  nitrous  add  on  an 
alcoholic  solution  of  bromaniline,  and  purified  Uke  the  preceding.  It  ochibits  the 
same  properties  whether  prepared  from  a-  or  /9-bromaniline.  It  forms  yellowish-red 
highly  lustrous  laminae  and  needles,  very  soluble  in  ether,  and  melting  at  146°.  In 
other  respects  it  resembles  azodiphenyldiamine.  The  platinum-saltf  CH'Br'N'.H'Cl'. 
PtCl*,  forms  bulF-ooloured  capillary  crystals^  which  deflagrate  easily  and  are  nearly  in- 
soluble in  water  and  ether.  Nitrate  of  eilver  added  to  Uie  alcoholic  solution  forms  a 
yeUow  predpitate  of  the  salt  G**H'Br'N*.NAgO*.    (Griess,  loe.  cit) 

(C«H*Br*)«) 
Aso-dibromodiphenyl'diamine,  C^H^Br^N*    -■         N*       >N*,  or  Diaso^ 

H  ) 
amido-dibromo-benzene,  CfH*Br*N«.C^"Br*^iraP),  is  obtained  in  like  manner  by  the 
action  of  nitrous  acid  on  alcoholic  dibromaniline,  as  a  bull^  yellow  precipitate  consist- 
ing of  a  network  of  interlaced  microscopic  needles.  It  is  but  very  shghtly  soluble,  and 
usually  crystallises  from  alcohol  or  ether  in  small  golden-yellow  needles,  melting  at 
167'6°,  sometimes  in  yellow-brown  granules,  or  yellow  or  ruby-red  weHl-developed 
prisms,  which  latter  however  are  converted  by  recrystallisation  into  the  golden-yellow 
needles.    (Griess,  loe,  cit) 

Azo-ehlorodiphenyl'diamine,  C"H*C1«N»  —       N*      VN*    or  Diazoamido- 

H       ) 
chhrobenifene,  C*HH}lN'.(Xa^Cl(NH*),  obtained  like  the  coiresponding  bromine-com- 
poond,  forms  yellow  needles  or  laminse  melting  at  124*5°. 

(0'H»C1«)«) 
AzO'dichlorodiphenyldiamine,Q^m^C\}W  »        N'"       y^^ ot  Diagoamido' 

H         J 


N*.    (Griets^PhiL 


CYANOPHENYL-DIAMINES.  461 

dichhrobensene,  C^*C1*N*.G*H*C1'(KH*).— Ftoduced  by  the  action  of  nitzous  acid  on 
alcoholic  dichlomiiliiiA,  czyBtallises  in  light  snlphar-yellow,  capillary  needles,  melt- 
ing at  126'5°y  insoluble  in  water,  yeiy  slightly  soluble  in  hot  alcohol  or  ether.  lake 
the  oarrespondingbromine-eomponnd,  it  does  not  form  a  platinnm-salt^  bnt  rather  behayes 
like  an  acid,  being  soluble  without  decomposition  in  caustic  potash.    (Gr i ess,  ^.  cit) 

[C»H*iNO»)]«) 
Ago-nitrodiphenyl'diamine,  Ci'H^K)«  -  N"  y^,or DioMoamidtH 

niinbensene,  C«H»fNO«)N«.C^*(NO«XNH«).— .Produced  by  the  action  of  nitrous  acid 
on  an  alcoholic  solution  of  a-  or  /S-nitnmiline,*  and  exhibits  corresponding  isomeric 
modifications.  The  oHSompound  is  insoluble  in  water,  reiy  sparingly  soluble  in  alcohol 
and  ether,  and  crystallises  from  either  of  these  solvents  in  mby-Nd  or  reddish-yellow 
prisms,  mostly  well-defined.    It  melts  at  196*5^. 

The  ^-compound  is  precipitated  as  a  yellow  crystalline  mass  consisting  of  an 
aggregate  of  granular  or  moss-like  mierosoopic  cxystau.  It  is  insoluble  in  water,  yeiy 
sparingly  soluble  in  alcohol  or  ether,  melts  at  224*6°  to  a  reddish-brown  oil,  and 
detonates  at  a  higher  temperature.  It  is  almost  wholly  indifferent^  not  Ibrming  a 
compound  even  wiUi  chloride  of  platinum.  With  an  alcoholic  solution  of  Mlver'-mtrate, 
however,  it  forms  a  yellowish-green  amorphous  precipitate.    (Griess^  Ice.  tii,) 

jlkao-vlMiijl^M9b«li9rMUAmlBe.     O'Hi'N*     »       ^ 

Trans.  1864,  [8],  679.) — ^This  compound  contuns  the  elements  of  asophenvlamine 
and  naphthylamine,  and  is  regarded  by  Griest  as  diagobefufene--amid<mapkthaleme^ 
C*H*in.C**H'(NH*).  It  is  obtained  as  a  nitrate  in  the  form  of  a  violet  crystalline 
precipitate  by  adding  an  aqueous  solution  of  nitrate  of  asophenylamine  to  an  alooholio 
solution  of  naphthylamine : 

C«H*N«.NHO«     +     a*mS      -      C»«H»«N».NHO«. 

The  nitrate  pozified  by  repeated  washings  with  cold  alcohol  and  recrystallisatioD  fimn 
hot  alcohol,  mrms  well-deuied  prisms  of  a  magnificent  grass-green  colour  by  transmitted, 
but  ruby-red  by  reflected  light.  It  is  almost  insoluble  in  water  and  ether,  but  dissolves 
freely  in  hot  alcohol  and  separates  almost  wholly  on  cooling. 

The  nitrate  decomposed  by  ammonia  or  potash  ^elds  the  free  base,  which  dystallises 
in  very  brilliant  ruby-red  prisms,  easily  soluble  in  alcohol  and  ether,  forming  yellow 
solutions  to  which  acids  impart  a  Uaautifal  violet  colour.  With  platinie  ekhride  it  fbmui 
a  purple-blue  crystalline  precipitate,  and  with  nitraU  of  tUver,  a  yellow  predpitata 
composed  of  small  fine  needles. 

6.   Cyanophenyl' diamines. 

There  are  two  derivatives  of  aniline  which  may  be  classed  under  this  head,  namely 
cyano-diphenjl-diamine,  or  melaniline,  produced  by  the  action  of  chloride  of 
cyanogen  on  aniline,  and  cyano-triphenyl-diamine,  by  the  action  of  tetrachloride 
A  carbon  on  aniline.  The  latter,  however,  is  more  probably  a  triamine,  and  will  be 
described  under  that  head  (p.  466). 

Qyano-dtyHaBjl-dlainlw  or  Malnwffliia,  Ci*H"N*  «  C*H*CyN.G«H^  — 
(C«H»)«1  (C*H»)«1 

GN    >N',     might    also    be  represented   as   earbo-diphenyl-diaminey     C**  >N*. 

H«     >  H»  ) 

(Hofmann,  Ann.  Ch.  Fharm.  Ixvii.  129;  Ixdv.  8  and  17.}— This  compound,  which 
contains  the  elements  of  1  at  aniline  and  1  at  cyanophenylamine  (cyanilide),  is 
produced  by  the  action  of  chloride  or  bromide  of  cyanogen  On  anhydrous  aniline.  As 
cyanophenylamine  is  produced  by  the  action  of  chloride  of  cyanogen  on  aniline  dis* 
solved  in  anhydrous  ether  (p.  442),  it  is  probable  that,  in  the  reaction  now  under 
consideration,  cyanophenylamine  is  also  produced  in  the  first  instance  and  immediately 
unites  with  a  molecule  of  free  aniline  forming  melaniline. 

Preparation. — ^When  gaseous  chloride  of  cyanogen  (obtained  by  the  action  of  chlorine 
on  moist  cyanide  of  mercury)^  is  passed  into  aniline,  the  gas  is  sMorbed,  with  great  rise 
of  temperature,  while  the  liquid  acquires  a  darker  colour  and  thickens  to  a  ciystamnemass. 
This  mass  is  to  be  heated  till  the  crystals  melt,  so  that  it  may  be  completely  saturated 
with  chloride  of  cyanogen ;  the  dear  brownish,  non-crystalline,  resinous  mass^  which  is 
produced  on  cooling  and  consists  of  hydrochlorate  of  melaniline  (together  with  a  brown  oil 
insoluble  in  hydrochloric  add,  which  forms  in  greater  quantity  as  the  chloride  of  mnogen 
is  more  humid,  and  not  at  all  if  the  gas  has  been  previously  passed  over  ddarids  of  eal« 

•  See  foot«DOCe,  p.  44fiu 
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cimnX  IB  diflBolvsd  in  water,  die  eolation  being  aoodented  bj  addition  o€  hydzochlorie  add 
and  boiling;  the  liquid  filtered  from  the  oil  ie  precipitated  by  potash ;  and  the  white 
Tiacid  {ffedpitate,  which  immediately  eolidifles  in  the  crystalUne  form  (only  after  some 
time,  however,  if  it  contains  nndeoompoeed  aniline),  ia  washed  with  cold  water,  tUl  tha 
whole  of  the  chloride  of  potassiom  is  remoyed,  and  purified  by  two  oystallisations  firom 
a  mixture  of  equal  parts  of  alcohol  and  water,  whidi  yields  the  finest  crystals. 

Properiisi. — Melaniline  fiorms  white,  hard,  easily  finable  laminse  and  broad  needles, 
which  float  on  water,  but  sink  in  the  fiised  state,  and  between  120®  and  130®,  melt  into 
a  slightly  coloured  oil,  which  solidifies  in  a  CEystalline  mass  on  cooling.  It  is  inodaroas, 
but  has  a  bitter  persistent  taste ;  slightly  blues  reddened  litmus,  but  does  not  change 
the  colour  of  turmeric ;  it  acquires  a  reddish  tint  when  exposed  to  the  air.  It  dissolves 
sparingly  in  cold,  more  easUy  in  boiling  water ,  and  separates  in  small  scales  on  coolino. 
It  is  easily  soluble  in  alcohol,  ether,  wood^tpirit,  acetone,  eulphide  of  carbon,  and  cue 
both  fixed  and  volatile. 

DeeampoeUions, — 1.  Melaniline  begins  to  decompose  between  150®  and  170®,  giving 
off  aniline  and  ammonia. — 2.  Chlorine-wilbBt  added  in  very  laiga  excess  to  hydro- 
chlorate  of  melaniline,  completely  precipitates  the  base  in  the  form  of  a  resinous  mass 
probably  consisting  (k  tricnloromrfaniline.  If  the  chlorine-water  be  gradually  added, 
till  the  turbidity  thereby  produced  no  longer  disappears  on  agitation,  the  liquid 
filtered  from  the  resinous  precipitate  oontams  hydrochlorate  of  dichloromelanihne. 
— 3.  When  hromine  is  added  to  aqueous  hydrochlorate  of  melaniline  in  the  manner 
just  described  with  reference  to  chlorine-water,  the  filtrate  deposits,  on  evapora- 
tion, needles  of  hydrochlorate  of  dibromomelaniline;  and  the  mother-liquor  mixed 
with  a  laigar  quantity  of  bromine  and  evaporated,  yields  transparent,  yeUow,  oily 
drops  which  crystallise  on  oooUng,  and  probably  consist  of  tribromomelaniline ; . 
Bromine  acting  in  excess  on  hydrochlorate  of  melaniline  forms  a  resinous  substanae 
still  richer  in  bromine. — 1.  Alcoholic  iodine  added  in  excess  to  hydrochlorate  of 
melaniline,  throws  down  nearly  the  whole  as  a  black  viscid  mass,  which  when  the 
quantity  of  iodine  is  less,  is  precipitated  in  smaller  amount^  while  undeoompoeed 
melaniline  remains  in  solution. — 6.  Fuming  nitric  acid  suddenly  mixed  with  an  equal 

Suantity  of  melaniline,  produces  great  heat,  rising  even  to  explosion,  attended  with 
tight  filming;  and,  when  gradually  added,  iwoduees,  according  to  the  duration  of  the 
action,  orange-yellow  crystals  of  an  alkaloid  with  violet  iridescence,  and  lemon-yellow 
prisms  of  an  acid  which  forms  searlet  salts  with  alkaHs.  Moderate^  strong  nitncadd 
added  in  fi;reat  excess  or  heated,  likewise  exerts  a  decomposing  action. — fi.  Ojfonogen 
gae  passed  through  an  alcoholic  solution  of  melaniline,  is  abundantly  absorbed;  and 
the  liquid,  if  then  inclosed  in  a  bottle,  deposits  dicyanomelaniline,  the  odour  of  ^rano- 
gen  changing  at  the  same  time  into  that  of  hydrocyanic  add,  while  the  brown  mertfaar- 
liquor  contams  other  products  of  decomposition. 

Salts  of  Melaniline. — ^Melaniline  is  but  a  weak  base,  and  does  not  precipitate 
ferric  salts.  It  dissolves  in  adds  very  readily  and  with  slight  evolution  of  heat^  and 
nea1»ilises  them  completely.  The  salts  are  oolouriess  or  slightiiy  coloured,  mostlv 
ezystaUisable,  and  taste  very  bitter;  with  flrwood,  chloride  of  ume  and  chromic  acid, 
they  do  not  exhibit  the  colouring  produced  by  aniline-solutions.  They  axe  precipitated 
by  ammonia  and  more  completely  by  potash  or  soda  (also  by  the  cubonates,  with 
evolution  of  carbonic  add,  yielding  a  wfkite,  quickly  erystallising  piadpitate),  bat  not 
\tj  aniline ;  neither  does  melaniline  raedpitate  the  anuinfr^alts. 

Hydriodate  qf  Melaniline,  C**6*'N*.HI.^Joncentrated  hydriodic  add  converts 
mehuuHne  into  an  oil,  which  sinks  to  the  bottom  and  gradnaUj  solidifies  in  a  crystal- 
line mass.  It  decomposes  quickly  on  exposure  to  the  air,  with  liberation  of  iodine. 
fVom  a  solution  in  boiling  water,  it  sepairates  on  ooding  in  osfydropa  which  afterwuda 
solidify.    It  disB(^ves  also  in  aloohoL 

Bydrobromate  of  MelamUne,  C^*Hi*N*.HBr.— Crystallises  ttom  water  in  ateUate 
groups  of  needles  verv  soluble  in  water,  less  soluble  m  strong  hydrobromic  add. 

Hydrochlorate, — ^The  aqueous  solution  does  not  yield  czystals  by  spontaneous 
evaporation ;  when  dried  over  oil  of  vitriol  or  in  the  water-bath,  it  dries  up  to  a  dear, 
slightly  coloured  gum,  which  ca^stallises  very  slowly.  It  is  the  most  soluble  in  water 
of  all  the  salfis  of  melaniline.  A  moderately  ooncentrated  solution  of  this  salt  mixed 
with  trichloride  of  gold  becomes  turbid  after  a  while,  and  deposits  fine  golden-yellow 
needles  of  the  ehlorooMrate,  Oi'H"N*.HCLAua*.  With  a  concentrated  solution  of  the 
hydrochlorate  an  immediate  predpitate  is  formed.  The  chloroaurate  is  but  slightly 
soluble  in  water.  Platinic  chloride  forms  with  hydrodilorate  of  melaniline  a  light 
yellow  slightly  oystalline  predpitate  of  thechloroplatinate,  2(C^'Hl'N^HCl>Pta^  and 
the  filtered  liquid  d^osits,  after  some  time,  orange-coloured  crystals  having  the  same 
composition.  The  platinum-salt  dissolves  in  a  small  quantity  of  boiling  water ;  it  is 
less  soluble  in  alcohol,  insoluble  in  ether.    Mercuric  chloride  forms  in  solutions  of 
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anOine  a  winte  pneipitate  eeailj  soluhle  in  hydrochlovie  teid,  and  fonmng  a  Boiataoa 
which  deposits  needles  bj  spontaneous  evaporation. 

HudfTofiuaU, — The  aolation  of  melaBimie  in  weak  l^dzoflaoric  acid  yields  well 
deyeiopad  CEystals^  having  a  faint  reddish  colour,  feomewhat  soluble  in  water,  less 
soluble  in  aloohoL 

mtraU  rf  MeUniline,  C>>H>*N*JNH0*.~Cr7BtaIlises  on  cooling  from  the  hot 
aqueous  solntion  so  completely,  that  the  mother-liquor  is  but  slightly  clouded  by  potash, 
and  not  by  ammonia.  The  needles  assume  a  faint  reddish  tint  by  exposure  to  the 
air,  but  are  othsrwise  pennanent  They  dissolre  also  in  hot  alcohol,  but  are  nearly 
insoluble  in  ether. 

Jrgento-^Uirate  qf  MdamUne,  2C"H^'N'.NAgO',  is  precipitated  immediately  on 
mixing  the  alcoholic  solution  of  melaniline  with  aqueous  nitrate  of  silver,  as  a  white 
mass,  which  quickly  agglutinates  to  a  resin,  and  must  be  purified  £rom  free  melaniline 
by  trituration  with  alcohol ;  from  a  clear  alcoholic  mixture  of  melaniline  and  nitrate  of 
s^ver,  the  salt  separates  after  a  few  hours  in  hard  crystalline  geodes. 

Oxalate  of  MeUmiUne.  C^H^'N'.O^K)*.— MelaniUne  forms  crystals  with  excess  of 
oxalic  acid.  These  crystals  melt  when  heated,  give  off,  with  violent  ebullition,  equal 
volumes  of  sarbonic  oxide  and  carbonic  anhydride,  smelling  strongly  of  anUocyanic 
acid,  yield  a  distillate  of  aniline  and  a  beautiful  cryHtalline  sublimate  of  diphenyl- 
oarbamide,  and  leave  a  clear  viscid  mas%  which  on  cooling  solidifies  to  a  resin. 
The  salt  dissolves  sparingly  in  cold  water  or  alcohol,  readily  in  boiling  watar  or  alcohol, 
but  is  neaady  insoluble  in  ether. 

The  pkotpiais  la  very  soluble  in  water  and  crystallises  but  slowly. 

The  sulfMe,  2C"H"N*.SHK)\  ibnns  steUate  groups  of  rhombic  nlates,  sparin^y 
soluble  in  cold,  freely  in  hot  water ;  soluble  also  in  alcohol  and  ether.  Melanilme 
added  to  mdfhaU  of  copper  throws  down  a  floctmlent  doable  salt. 

DiBxoMOMBLAifiLna.  C**H^*Br^.  (Hofmann,  Ana.  Ch.  Fharm.  Ixvii  148; 
Chem.  8oe.  Qo.  J.  i  299.)— An  aqueous  solution  of  hydrochlorate  of  melaniline 
mixed  with  bromine  in  small  portions,  till  the  turUdity  besins  to  be  pemanent, 
yields,  when  filtered,  evaporated,  and  cooled,  stellate  groups  of  njrdrobromate  of  dibro- 
momelaniline,  which,  when  dissolved  in  water,  form  with  ammonia  a  white  crystalline 
precipitate,  crystallising  from  hot  alcohol  m  white  scales.  The  base  tastes  very 
bitter  in  its  solutions.  When  heated  above  its  melting  points  it  gives  off  pure  brom- 
aniline  in  the  form  of  a  colourless  distillate,  which  solidifies  in  a  yellowish  arstalline 
mass,  leaving  a  resinous  mass  similar  to  the  residue  obtained  in  the  distiuatioB  ol 
melaniline.    It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol  and  ether. 

Its  h/droehhraU,  C^^^Br'N'.HCl,  crystallises  in  white  sill^  needles  grouped  in 
stars.  These  oystals,  when  immersed  in  a  small  quantity  of  boiling  water,  melt  into 
an  oil  which  soUdifies  in  the  crystalline  form  on  cooling ;  they  dissolve  spsrin^v  in  water. 

The  hot  saturated  solution  of  the  hydrochlorate  forms  with  platinie  chloride  an 
orange-yellow  precipitate,  which  on  cooUng  crystaUises  in  golden-yellow  sc^es,  nearly 
insoluble  in  water,  sparingly  soluble  in  ether,  somewhat  more  in  alcohol,  and  containing 
2(C"H"Bi«N"Ha).PtCl*.    (Hofmann.) 

DiCHLOBOXBLAiriLnrv.  C^'^Cl'N*.  (Hofmann,  toe.  ct^.)— When  chlorine- 
water  is  gradually  added  to  hydrochlorate  of  melaniline,  till  the  turbidity  no  longer 
disappears  on  agitation,  the  filtrate  when  evaporated  and  cooled,  yields  hydrochlorate 
of  dichloromelamline  in  white  stellate  needles,  or  by  ftirther  evaporation,  as  a  yellowish 
oil  which  solidifies  in  the  crystalline  form.  From  the  solution  of  this  salt  in  water,  in 
which  it  is  but  sparingly  soluble  (whereas  it  dissolves  more  readily  in  alcohol  and 
still  more  in  ether),  ammonia  precipitates  the  base  in  snow-white  fiakes,  which  separate 
from  the  alcoholic  solution  in  nara  crystalline  laminae. 

PlaHnum-salt,  2(C"H"a«N«.HCl).Pta*.— The  hydrochlorate  mixed  with  tetra- 
chloride of  platinum,  yields  an  orange-yeUowciystalline  powder  which  must  be  washed 
with  ether. 

The  resinous  mass  precipitated  by  mixing  hydrochlorate  of  melaniline  with  a  very 
large  excess  of  chlorine  water,  which  hardens  after  a  while  into  an  amorphous  solid, 
exhibits  a  neutral  reaction,  and  is  insoluble  in  water  but  soluble  in  alcohol,  is  probably 
trichloromelaniline,  C«N»C1*H".    (Hofmann.) 

DmiODOifBLAinLnni.  CP'H"PK*.  (Hofmann,  Ann.  Ch.  Pharm. Ixvii.  162;  Chem. 
Soc.  Qu.  J.  i.  303.)-^When  chloride  of  cyanogen  is  passed  through  an  ethereal  solution 
of  iodaniline,  a  crystalline  precipitate  of  hydrochlorate  of  iodaniline  is  first  formed,  but 
if  the  passage  of  the  gas  be  continued,  the  crystals  disappear  and  the  entire  mass  changes 
into  a  transparent  resin  ef  hydrochlorate  of  diniodomelaniline,  which  slowly  becomes 
crystalline.  From  this  com|)ound,  potash  throws  down  the  base  in  the  form  of  a  white 
body,  which  crystallises  indistinctly  from  alcohol. 

The  hjfdrocMoraie  di8s<>lves  sparingly  in  water  and  separates  from  the  boiling  solu- 
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tioh  on  cooling  in  oily  dropa,  vhieh  very  slowly  change  into  white  ciystalUne  stan.. 
The  chloraj^tinate  is  not  vezy  ciystalline. 

DiHiTBOianLANiLinB.  C>»H"N»0«  s-  C>*H»>fNO«)«N*.  (Hofmann,  Ann.  Ch. 
Pharm.  Ixyii  156 ;  Chem.  Soc  (Jo.  J.  i.  305.) — ^Thia  base,  like  other  nitro-deiivatiyea 
of  aniline,  is  susceptible  of  two  isomeric  modifications :  a.  produced  by  the  action  of 
chloride  of  cyanogen  on  a-nitraniline ;  /B.  by  the  action  of  fhming  nitric  acid  on  mel- 
aniline.  The  two  modifications  closely  resemble  one  another  in  physical  and  chemical 
properties ;  but  when  distilled  with  potash,  the  former  yields  a-,  the  latter  iS-nitraniline. 

Preparation  of  a-nitrofnelaniline. — Qaseous  chloride  of  cyanogen  is  passed  through 
a  solution  of  a-nitraniline  tiU  the  ether  is  nearly  evapoiated ;  the  remaining  crystalline 
mixture  of  nndecomposed  nitraniline,  hydrochlorate  of  dinitromelaniline^  andindifierent 
yellowish  needles,  is  heated,  with  gradual  addition  of  water,  till  the  mass;,  which  at 
first  melts  into  a  brown  oil,  is  slmost  entirely  dissolved ;  the  liquid  is  cooled  till  the 
yellowish  ne^es  separate ;  the  colourless  filtrate  containing  hydrochlorate  of  dinitro- 
melaniline  is  mi^ed  with  ammonia,  which  throws  down  Uie  dinitromelaniline,  as  a 
qui<^y  crystallising  sulphur-yellow  mass ;  and  this  precipitate  is  fireed  from  nitran- 
iline, with  which  it  is  generally  mixed,  by  boiling  with  water. 

Properties. — Nitromelaniline  precipitated  bv  ammonia  or  potash  forms  a  scaly  crys- 
talline mass,  of  a  much  paler  ydlow  colour  than  nitraniline ;  when  precipitated  from 
alcohol  by  water,  it  forms  a  golden-yellow  crystalline  mass,  and  short  flat  microscopic' 
needles ;  ftam  eUier  by  spontaneous  evaporation  it  crystallises  in  larger  needles.  It  is 
insoluble  in  water  even  at  the  boiling  heat,  sparingly  soluble  in  eUeohol,  still  less  in- 
ether.  When  heated,  it  gi^cs  off  a  yellow  vapour  which  condenses  in  brown  oily 
drops  ddefiy  consisting  of  nitraniline,  and  gradually  crystallising,  and  leaves  a  brown 
resinous  mass. 

HydrochloraU  of  DinitramelaniUne,  C'*Hi>(NO<)*N«.HCl,  crystallises  ia  flat  sinning 
needles,  sparingly  soluble  in  water.  The  chhroplaHnaU,  2[C"H"(K0*)*N*.HCllPtCl«, 
is  a  yellow  crystalline  i«ecipitate  which  is  sparingly  soluble  in  water  and  alcohol, 
insoluble  in  ether,  and  bums  with  a  slight  defiamtion  when  heated.  The  nitraU 
is  sparin^y  soluble.  The  oxalate  forms  easily  soluble  crystalline  grains*  The  eulpkate 
forms  white  crusts  which  dissolve  easily  in  water. 

IMojaiiomolaiiillne.  Gi«H**N*  «  C"H"N*.Cy'.  (Ho f  ma hn,  Ann.  Oh.  Pharm. 
Ixxvii.  100 ;  Ixxiv.  1). — ^A  saturated  solution  of  liielaniline  in  cold  alcohol  absorbs  a 
large  quantity  of  ^anogen,  and  if  the  liquid  be  then  left  to  itself  in  a  closed  vessel  for 
some  xiours,  solidifies  to  a  crystaUine  pulp  which  may  be  purified  by  washing  with 
alcohol  and  recrybtallisation  from  boiling  alcohoL 

The  product  is  dicyanomelaniline ;  it  forms  yellowish  needles  not  TolatQe  without 
decomposition ;  when  heated  it  gives  off  aniline  and  cyanide  of  ammonium,  and  leaves* 
a  resinous  residue  which  chars  at  higher  temperature. 

IMeyanomelaniline  dissolves  in  cold  dilute  acids,  and  if  potash  or  ammonia  be  im- 
mediately.added  to  the  solution,  the  dicyanomelaniline  separates  out  unaltered ;  but  it 
decomposes  by  prolong  contact  with  acids»  so  that  it  does  not  easily  yield  salts.  Its 
solution  in  bydrochlono  acid  becomes  turbid  in  a  few  minutes,  and  deposits  a  yellowish 
oonf^isedly  crystalline  mass  of  melanoximide  (p.  286)  the  mother-liquor  retaining  sai. 
ammoniac  in  solution : 

C»*H»«N»  +  2B.H)    -    C'»H»»N»0«  +  2NH«. 
Diqranomel-  MeUnoziiuide. 

aniline. 

O.  VlMii7ttrlaiiiln«ai 

These  are  bases  derivable  from  a  triple  molecule  of  ammonia,  H^N*,  by  the  subatita- 
tion  of  one  or  more  atoms  of  phenvl  for  an  equal  number  of  hydrogen-atoms,  and  cf  a 
polyatomic  radicle  for  a  number  of  hydrogen-atoms  corresponding  to  its  atomicity.  At 
present,  however,  there  is  but  a  small  number  of  compounds  Imown  which  can  be 
referred  to  this  class. 

O'    ) 

1.  Carbotriphenyl-triamine.C'm'^N'  -  (C«H»)«>N».    (Hofmann,  Pioc.  Roy.  Soc. 

iz.  284.)— This  base  is  produced  by  the  action  of  tetrachloride  of  carbon  on  aniline : 

8(c^».mN)  +  ca«   -   (c^»)»fN»  +  mcL 

H«  I 

ON    ) 

It  might  also  be  formulated  aa  cyano-tHphenyl-diamine  (C'EFff^ ;  but  its  made  of 

H*    ) 
formation  shows  it  rather  to  be  a  triamine. 
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Preparaiion.'^Amiixie  ftnd  tetmchloride  of  carbon  do  not  act  upon  one  another  afc 
ordinarj  temperatores,  and  but  yeiy  slowly  at  100^;  but  when  a  mixture  of  3^  pts. 
aniline  and  1  pt.  of  the  tetrachlonde^  both  in  the  anhydrous  state,  is  heated  to  170^ 
in  sealed  tnbes  for  about  thirty  hours,  the  liquid  is  converted  into  a  black  mass  which 
adheres  flnnly  to  the  sides  of  the  tubes  and  is  a  mixture  of  several  bodies.  Water 
dissolves'a  portion  of  it,  leaving  a  more  or  less  solid  resin,  and  the  aqueous  solution 
yields,  on  addition  of  potash,  an  oily  precipitate  oontaininf^  a  considerable  portion  of 
unchanged  aniline.  On  boiling  this  precipitate  with  dilute  potash  in  a  retort,  the 
aniline  distils  over,  while  a  viscid  mass  remains  behind  which  gradually  solidifies  with 
a  crystalline  structure.  Washing  with  cold  alcohol  and  two  or  three  crystallisiitioDs 
from  boiling  alooh<d  render  this  body  perfectly  white  and  pure,  while  a  very  soluble 
substance  cJa  splendid  crimson  odour  remaina  in  solution.  The  portion  of  the  black 
mass  which  is  insoluUe  in  water  dissolves  almost  entirely  in  dilute  hydrochloric  acid, 
from  which  solution  it  is  precipitated  by  alkalis,  as  an  amorphous  pink  or  dingy- 
coloured  precipitate  soluble  with  rich  crimson  colour  in  alcohoL  The  greater  part  of 
this  body  consists  of  the  same  colouring  principle  ^t  accompanies  the  white  crystal- 
line substance.  Considerable  quantities  of  this  crystalline  body  are  also  occasionally 
present  in  the  product  insoluble  in  water. 

The  crystalune  substance  ia  carbotriphenyl-triamine.  It  is  insoluble  in 
water,  difficultly  soluble  in  aleoMol,  soluble  in  ether.  From  the  hot  alcoholic  solation 
it  crystallises  slowly  on  coolins  in  elongated  four-sided  plates  often  grouped  round  a 
eommon  centre.  It  dissolves  neely  in  acidSf  from  which  it  is  tiirown  down  by  alkalia 
as  a  dasiling  white  precipitate.  The  kydrocUorate,  C>'H''K*.HC1,  and  the  ehloro- 
pkOmaU,  2{Q**W^\bCl)!PvCi*,  are  extremely  soluble  in  excess  of  hydrochloric  acid. 

2.  Helaniline^  C>'H**N*,  may  be  regarded  as  c«rbo-diphenyl-triamine(C^*)* IN*, 

H"   J 
but  the  mode  of  formation  renders  it  more  probable  that  this  body  really  consists  of 

CN    ) 
eyaao-diphenyl-diamine,  C«H»)*VN*  (see  p.  461). 

H»    ) 
8.  Bosaniline,  C'"H*'N',  and  some  of  the  colouring  matters  derived  from  it  are 
probably  also  triamines ;  but  their  rational  fonnulsB  still  remain  to  be  determined. 

Appendix  to  Pienylamnee, 


The  eoloriflc  tendencies  of  aniline  have  long  been  known.  The  violet-blue  reaction 
with  chloride  of  lime,  which  is  the  ordinary  laboratory  test  for  aniline,  was  discovered 
by  Bunge  in  1886.  Some  ^ears  afterwards,  Fritssche  showed  that  aniline  treated 
with  aqueous  diromic  add  yields  a  blackish-blue  precipitate.  Beissenhirtsin  1 853 
noticed  the  blue  oolour  resulting  from  admixture  of  aniline  with  strong  sulphuric  acid 
and  acid  chromate  of  potassium ;  and  the  substance  producing  this  blue  coloration  was 
isolated  in  1856  by  Mr.  W.  H.  Perkin,  who  showed  that  it  is  a  colouring  matter 
capable  of  being  fl3ced  upon  fabrics,  and  thus  laid  the  foundation  of  the  vast  industry 
of  aniline  colours.  Soon  afterwards  reds  of  various  shades  were  obtained  on  the  manu- 
facturing scale  by  heating  aniline  with  tetrachloride  of  tin,  arsenic  acid  and  various 
metalHc  salts,  and  a  great  number  of  other  dyes,  vellow,  green,  blue,  violet,  &c.,  have 
been  obtained  either  by  treating  aniline-red  with  various  reagents,  or  as  secondary 
produeta  in  its  preparation.    A  few  have  also  been  obtained  by  other  processes. 

•  iHMiKHblaitfiu  Blacks  of  great  intensity  are  produced  on  calico  bv  printing  with  a 
mixture  of  aniline,  chlorate  of  potassium  and  a  metallic  salt  In  1 86  3  Hifr.  Li  ^  h  t  f  o  o  f  of 
Accrington  patented  in  France  a  method  of  producing  aniline-black  by  pnnting  with 
a  mixture  of  25  gnns.  chlonte  of  potassium,  50  grms.  aniline,  50  grms.  hylrochloric 
acid,  50  grms.  cupric  ehloride,  25  grms.  sal-ammoniac,  12  grms.  acetic  acid,  and  1 
litre  of  starch-paste,  then  exposing  the  cloth  to  the  air  for  two  days,  and  fixing  the 
eolour  with  an  alkali  The  bhick  thua  produced  is  very  good  and  durable,  but  the 
process  has  not  been  much  used,  because  the  large  quantity  of  copper  in  the  mixture 
IS  found  to  corrode  the  steel  scrapers  or  "  doctors  "  of  the  printing  machine,  and  more- 
over the  large  quantity  at  add  in  the  aniline-salt  and  in  the  oopper-ftalt,  causes  a  rapid 
destruction  of  toe  veeetable  fibre. 

Several  methods  of  obviating  these  defects  have  been  proposed;  the  best  appears  to 
be  that  of  Lauth,  which  consists  in  repjadng  the  soluble  copper-salt  by  an  insoluble 
compound,  the  sulphide  for  example.  This  compound,  when  printed  together  with  the 
ehlcntte  of  notasnum^  and  hydrochlorate  of  aniline,  is  gradually  oxidised  by  the  action  of 
the  hypochlorous  add  or  of  dilorine  (set  free  by  the  mutual  action  of  the  salts  just 
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mentioned)  «id  eoDTorted  into  sulphate,  so  that  a  miztnre  is  fonned  similap  to  that 
used  in  Li^tfoot's  process.  As  howerer  there  is  no  excess  of  soluble  copper  salt^  or  of 
acid  present^  no  ooizosion  of  the  scrapers  or  rollers,  or  destruction  of  the  vegetable 
fibre  need  be  feared. 

Aniline-black  thus  produced  has  a  Terj  deep  colour  and  rich  velvety  aspect  It  ia 
said  to  be  very  &st^  quite  insoluble  in  water,  boiling  soap-ley,  alkalis  and  scids.  The 
latter  turn  it  green,  but  alkalis  restore  the  original  tint.  Acid  chiDmate  of  potassium 
deepens  the  colour;  but  a  strong  solution  mabss  it  slightly  rusty.  It  is  destroyed  by 
a  strong  solution  of  chloride  of  lime,  but  reappears  after  some  time  with  its  original 
depth.  The  colour  is  capable  of  withstanding  aU  the  processes  employed  for  the  pro- 
duction  of  rose  and  red  madder  coloun.    (BuL  Soo.  Chim.  [2]  ii.  416.) 

AniUne-Miie.  Blue  colouring  matters  are  produced  from  aniline  under  the 
influence  of  various  reagents,  as  by  chlorate  of  potassium  and  hydrochloric  acid, 
chlorous  acid,  peroxide  of  hydrogen  (Lauth),  ferric  chloride,  ferricyanide  of  potas- 
sium (£.  Kopp,  Exatnm  des  Matihe$  eohrantes  artificieUes,  p.  68),  hydrochloric  acid 
Ksxdi  peroxido  of  manganese,  fenic  nitrate  and  hydrochloric  acid  (Scheurpr-Eestner,* 
ibid,  p.  66).  Products  of  this  kind  have  been  more  espedallv  studied  by  Calvert^ 
Lowe^  and  Clift,  who  have  described  them  under  the  name  of  azurine. 

A  much  finer  and  more  permanent  blue,  now  designated  especially  asaniline-blue, 
is  obtained  by  heatine  a  salt  of  rosaniline  (aniline-red)  with  excess  of  aniline.  This 
colouring  matter  has  the  compbsition  of  triphenyl-rosaniline,  C'fH'^C'H*)^N',  and  will 
be  described  as  a  derivative  of  rosaniline  (p.  472). 

Anlllne"l>rown.  A  brown  aniline  dye,  patented  by  0.  De  Lai  re  (London 
Journal  of  Arts,  Dec.  186 3^  is  obtained  by  heating  1  pt.  of  ^sed  aniline-blue  with 
4  pts.  of  anhydrous  hydrocmorate  of  aniline  to  240°  for  several  hours.  It  is  soluble 
in  water,  alcohol  and  adds,  and  is  precipitated  from  the  aqueous  solution  by  salts. 

The  same  dye  is  obtained  by  treating  arsenate  of  anihne  with  the  hydiocUorata 
(London  Journal  of  Arts,  Dec  1863 ;  Bull.  Soc  Chim.  [2]  ii.  240). 

Anllliie-gveeii  or  Bmeraldlne.  Almost  all  the  blue  suhetaness  pvodueed  from 
aniline  by  the  action  of  hvpochlozous  acid,  and  tiie  other  reaffents  above  mentioned, 
become  green  when  treated  with  acids,  and  blue  again  under  £e  infiuenoe  of  alkalis. 
A  very  Sue  bright  green  is  produced  on  ootton  by  pzintinff  wiUi  add  hydiodhlorate  of 
aniline  on  fabrics  prepared  with  chlorate  of  potassium.  This  is  called  emeraldine. 
By  subsequently  passmg  the  doth  through  a  solution  of  add  chromate  of  potasdum,  the 
colour  is  changed  to  the  deep  indigo-blue  called  asurine.    (Calvert) 

A nIHiMHynrpto  or  BCanwef  also  called  Anileine,Indiaine,  Pkenameinej  Fioline,  Bfoo- 
line,  Tyraline,  This  is  the  dye  discovered  by  Perk  in  and  patented  br  him  in  1866  (No. 
1984,  Aug.  26).  To  pepare  it,  a  cold  dilute  solution  of  the  sulphate  (or  any  other 
salt)  of  commercial  aniline  is  mixed  with  a  solution,  also  cold  and  dilute,  of  acid  chro- 
mate of  potassium  (bichromate  of  potash  X  the  mixture  being  well  stirred  and  1^  to 
itself  for  ten  or  twelve  hours.  A  black  precipitate  is  then  produced  which  is  ooUeeted 
on  a  filter,  washed  with  cold  water,  dried,  and  digested  with  light  coal-tar  oil,  i^ch 
dissolves  out  a  black  tany  substance.  The  reddue  is  again  dried  and  digested  with 
alcohol,  wood-spirit,  or  any  other  liquid  capable  of  dissolving  the  colouring  matter; 
and  the  dear  solution  is  separated  by  filtration  or  decantation,  and  distilled  to  recover 
the  alcohol  or  wood-spirit    The  reddue  then  remaining  is  aniline-puiple. 

On  the  large  scale  this  process  has  been  varioudy  modified  oy  diflfereiit  manu- 
ftcturersL  Some  complete  the  operation  of  mixing  in  a  few  minutes ;  others  prolong  it 
even  to  thirty-six  hours.  Many  again  find  it  convenieBit  to  employ  the  solution  rauer 
warm  and  concentrated,  the  temperature  and  degree  of  oonoentration  depending  also 
on  the  quantities  employed.  Hydrochlorate  of  aniline,  obtained  by  dissolving  aniline 
in  oommerdal  hydrochloric  add,  is  also  frequently  used.  The  sulphate  is  eraj^oyed  in 
a  state  of  paste,  as  produced  by  treating  aniline  with  oil  of  vitriol  diluted  with  a  very 
little  water.  The  following  proportions  are  recommended  byScheurer-Kestner: 
one  kilogramme  of  aniline,  a  concentrated  solution  of  firom  800  to  1200  grammes  of 
didiromate  of  potasdum,  and  500  grammes  of  sulphuric  add  of  sp.  gr.  1*84  (60^  Bm.). 

The  purification  also  is  often  differently  conducted,  more  espedally  with  the  view  of 
avoiding  the  use  of  expendve  solventa  The  black  predpitate^  after  washing  with  cold 
water,  is  exhausted  by  prolonged  ebullition  with  large  quantities  ol  water  (sometimes 
acidulated  with  from  1  to  2  per  cent  of  acetic  acid),  whereby  the  eolouring  matter  ia 
dissolved.  The  filtered  solutions  are  ooncentrated  as  much  as  posdble,  and  while 
boiling  are  predpitated  by  caustic  soda;  the  predpitate  is  washed  on  a  filter  with  an 
alkaline  solution,  to  remove  the  excess  of  potassic  chromate  together  with  a  reddish 
colouring  matter  which  affects  the  brilliancy  of  the  purple,  then  treated  with  cold 
water  till  the  alkali  is  removed  and  the  washings  have  become  coloured ;  and  the  pre- 
cipitate is  allowed  to  drain,  whereby  the  aniline-purple  is  obtained  in  the  form  of 
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paite.  Very  often  the  coEtraetion  by  boiling  water  and  precipitation  by  caustic  soda 
are  repeated  in  order  to  obtain  the  colour  in  a  pure  state.  The  solution  of  the  paste 
in  alccmol,  wood-epirit  or  methylated  spirit  yields  on  evaporation  a  residua  of  a  resinous 
appearance,  exhibiting  a  peculiar  metallic  lustre,  recalling  at  once  that  of  gold  and  that 
of  copper.  It  is  soluble  in  water,  more  soluble  in  acetic  acid,  and  the  alcohols,  and 
possesses  extraordinaiy  tinctorial  powers. 

Aniline-purple  may  also  be  obtained  hj  the  following  processes :  a.  Oxidation  of  a 
cold  dilute  solution  of  hydrochlorate  of  aniline  by  a  dilute  solution  of  chloride  of  lime 
(Bolley,  Beale  andKirkham).  The  aniline  is  thereby  conyerted  into  a  black  pitch- 
like masS)  the  weight  of  which  is  not  more  than  one-tenth  of  the  quantity  of  aniline 
employed.  This  mass  contains  (a)  aniline-purple ;  (6)  a  brown  colouring  matter  sol- 
uble in  alkaline  liquids,  and  (c)  a  resinous  substance  soliible  in  alcohol,  ether  and  sul- 
phide of  carbon.  The  aniline-purple  is  extracted  by  water ;  it  is  more  difficult  of 
purification  than  the  compound  prepared  by  Pezkin's  method.     The  chloride  of  lime 

Srocess  is  more  eoonomical,  but  the  colour  of  the  product  is  less  beautifhl  and  of  ared- 
er  tint  than  the  preceding. — fi.  Oxidation  of  a  salt  of  aniline  in  aqueous  solution  by 
peroxide  of  manganese,  or  b^  peroxide  of  lead  ^D.  S.  Price)  under  the  influence  of  an 
acid. — 7.  Oxidation  of  an  aniline  salt  by  a  solution  of  potassic  permansanate  (GreTille 
Williams),  or  of  ferricyanide  of  potassium  (K  Smith!— 3.  Oxidation  of  a  salt  of 
aniline  in  aqueous  solution  by  free  chlorine  or  free  hypochlorous  acid  (R.  Smith),  or 
by  the  double  chloride  of  copper  and  sodium  (D  ale  and  Caro).*  Of  all  these  processes 
those  only  have  attained  industrial  importance  in  which  chromate  of  potassium,  chlo- 
rate of  potassium,  chloride  of  lime,  and  chloride  of  copper  are  employed. 

Aniline-purple  prepared  by  Perkin's  process  is  the  sulphate  of  a  base  called  Mau- 
▼  eine,  having  the  composition  C*^H^*N*  (Per kin,  Ann.  Ch.  Pharm.  cmii,  201). 
On  adding  caustic  potash  to  a  solution  of  the  commercial  dystallised  product,  the 
colour  changes  immediately  from  purple  to  bluish-violet^  and  on  standing,  the  mauveine 
separates  as  a  crystalline  body  which,  after  washing  with  alcohol  and  then  with  water, 
appears  as  a  nearly  black  glistening  substance  not  unlike  specular  iron  ore.  It  dis- 
solves in  alcohol,  forming  a  violet  solution,  which  on  addition  of  acids  immediately 
assumes  a  purple  colour.  It  is  insoluble  or  neariy  so  in  ether  and  in  benzene.  It  is  a 
very  stable  compound  and  decomposes  ammonium-salts  with  facility.  When  strongly 
heated,  it  decomposes,  giving  off  a  basic  oil,  which  does  not  appear  to  be  aniline. 

Acetate  of  Mauveine  is  obtained  by  dissolving  the  base  in  boiling  alcohol  and  acetic 
acid ;  it  oystallises  as  the  liquid  cools,  and  may  be  purified  by  recrystallising  it  once 
or  twice.    It  is  a  beautiful  compound  having  a  sreen  metallic  lustre. 

Carbonate  of  Mauveine,  C"H**N*.H"CO*. — Scuutions  of  mauveine  quickly  absorb  car- 
bonic add  from  the  air,  the  colour  changing  from  violet  to  purple.  To  prepare  the 
carbonate,  carbonic  acid  gas  is  passed  through  boiling  alcohol  containing  mauveine 
in  suspension ;  on  leaving  the  liquid  to  itseli;  the  carbonate  separates  in  pnsms  having 
a  green  metallic  refiex.  On  boilW  its  solution,  part  of  the  carbonic  aad  escapes,  the 
liquid  at  the  same  time  assuming  the  violet  colour  of  the  free  base.  In  the  dry  state 
the  sadt  decomposes  very  quickly,  and  at  100^  it  gives  off  the  whole  of  its  carbonic 
add  and  acquires  a  dark  olive-brown  colour.  By  analysis  it  was  found  to  contain  8*8 
per  cent  CO',  which  is  intermediate  between  the  composition  of  a  neutral  carbonate 
aC^H^N^H'CO',  requiring  61  percent,  and  that  of  an  add  carbonate  0"H"N^.H''CO», 
requiring  9'1  per  cent  CO*. 

Hydnodate  of  Mauveine,  C^'^N^.HI,  crystallises  in  prisms  having  a  green  metallic 
lustre ;  less  soluble  than  the  following  salt  In  preparing  it  from  the  free  base  it  is 
necessaiy  to  use  colourless  hydriodic  add,  as  free  iodine  would  decompose  it 

Hydrobromate  of  Mauveine,  C"H*^*.HBr. — ^Prepared  like  the  hydrochlorate,  which 
it  resembles,  excepting  that  it  is  less  soluble. 

Hydrochlorate  of  Mauviine,  C*^H"N*.HC1,  is  obtained  by  direct  combination  of  the  add 
and  base,  and  separates  from  an  alcoholic  solution  prepared  at  the  boiling  heat  in  small 
prisms,  often  grouped  in  tufts  and  having  a  strong  green  metallic  lustre.  It  is  moderately 
soluble  in  alcohol,  less  soluble  in  water,  and  nearlyinsoluble  in  ether.  The  chloro-auraie, 
C''H"N*.HCLAuCl*,  prepared  by  mixing  the  alcoholic  solutions  of  the  hydrochlorate 
and  auric  chloride,  separates  as  a  crystalline  precipitate  which  is  much  lees  lustrous 
than  the  platinum-salt;  and  appears  to  lose  a  portion  of  its  gold  when  recrystallised. 

The  cMoroplaHnaU,  2(C»£L*«N\HCl).PtCl«,  prepared  like  the  gold-salt^  separates 
from  cold  solutions  as  a  green  ciystalline  powder ;  from  moderately  warm  solutions  in 
rather  large  crystals.  It  possesses  the  ^een  lustre  of  the  hydrochlorate,  but  when  dry 
has  more  of  a  gold  colour.    It  is  very  slightly  soluble  in  alcohoL 

Buiphate  qf  Mautfeine,  2C*rH**N^SH*0«.— This  salt  is  the  original  aniline-puiple 
obtaaied  by  treating  aniline  with  add  chromate  of  potassium  and  nilphuric  add. 


•  For  the  <UtM  of  tb«  Sp«ciAcationa  of  th«i#  and  other  patented  procesaet  for  the  preperation  of 
anilfn^colours,  tee  Hofmattn*$  Report, 

H  H  2 
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Reepeetiiig  the  methods  of  dyeing  with  aniline-piuple,  Bee  Dykdxq  (jL  857) ;  ilflO: 
Ho/mann'a  Seport,  p.  124. 

Aniline  Sed  or  SoMmlline  i  also  called  Roaeine,  Fuchaine,  A^aleine,  Magenta^ 
Solfervno,  &c. — It  has  been  known  for  some  years  that  aniline,  when  subje<^«d  to  the 
action  of  yarions  reagents,  is  capable  of  yielding  products  of  a  deep  red  colour. 
The  production  of  this  red  colour  oy  the  action  of  strong  nitric  acid  on  aniline  was 
observed  by  Hof man n  in  1843,  and  about  the  same  time  by  Zinin.  Hofmann 
also  found  that  a  dark  red  liquid  is  produced  on  mixing  sulphate  of  aniline  with  ferric 
sulphate;  and  Natansonin  1856  observed  a  red  substance  among  the  products  of  the 
action  of  Dutch  liquid  upon  aniline.  But  it  was  only  in  1868  that  the  formation  of  a 
crimson  colouring  principle  and  some  of  its  characteristic  properties  were  first  defi- 
nitely pointed  out  by  Hofmann,  who,  in  studying  the  action  of  tetrachloride  of  carbon 
upon  aniline,  observed  and  described  the  formation  of  a  basic  substance  which,  when 
dissolved  in  alcohol,  imparts  to  this  liquid  a  magnificent  crimson  colour  (see  p.  465).* 
Since  that  time  aniline-reds  haye  been  produced  by  treating  aniline  with  a  great 
variety  of  reagents,  the  most  important  of  which  are  tetrachloride  of  tin,  arsenic  acid, 
nitric  acid,  mercuric  nitrate  and  ferric  diloride.  Patents  have  also  been  taken  out  for 
the  preparation  of  these  colours  by  the  ebullition  of  aniline  with  stannous,  mercuroua 
and  mercuric  sulphates;  with  feme,  uranic,  aigentic  and  plumbic  nitnites;  with 
stannic  and  mercuric  bromides ;  with  iodine,  stannic  iodide  and  iodoform;  with  mercuric 
dilorate,  bromato  and  iodate ;  and  with  pentachloride  of  antimony ;  also  by  the  action  of 
antimonic  ozide^  peroxide  of  bismuth,  stannic,  ferric,  mercuric  and  cupric  oxides  on  hy- 
drochlorate  or  sulphate  of  aniline  at  the  temperature  of  180^.  The  greater  number  of 
these  processes,  however,  are  of  but  little  vidue ;  we  proceed  to  describe  those  which 
are  actually  practised  on  the  manufacturing  scale. 

1.  Preparation  of  Aniline-red  by  Tetrachloride  of  Tin. — This  process,  discovered 
by  Messrs.  Verguin  and  Benard,  of  Lyons,  was  the  first  by  which  aniline-red 
was  prepared  for  industrial  use.  A  mixture  of  10  pte.  aniline  and  6  to  7  pte. 
tetrachloride  of  tin,  either  anhydrous  or  hydrated,  is  heated  to  ebullition  for  fifteen  or 
twenty  minutes,  the  liquid  becoming  at  first  yellow,  then  red,  and  being  ultimately 
converted  into  a  nearly  black  mass.  The  mixture  is  left  to  cool  and  then  treated  with 
a  large  Quantity  of  boiling  water,  which  acquires  a  magnificent  red  colour,  and  without 
any  farther  preparation,  forms  a  splendid  dye-bath  for  silk  and  wool.  It  is  found  better, 
however,  to  precipiteto  the  colouring  matter  by  partially  saturating  the  concentrated 
liquid  with  carbonate  of  sodium,  and  addins  common  salt  The  aniline-red  is  then  pre- 
cipitated in  the  solid  state,  and  has  only  to  be  dissolved  in  water,  alcohol,  or  acetic  acid 
to  prepare  a  dye-bath  for  imbuing  silk  and  wool  with  the  most  beautiful  roseate  tint& 

Anhydrous  mercuric,  ferric  or  cupric  chloride  may  be  used  in  the  preparation  instead 
of  the  stannic  chloride. 

2.  Preparation  of  Aniline-red  mth  Areenie  Acid. — This  process,  which  is  one  of  the 
best,  was  discovered  by  Medio  ck.  It  consists  in  combining  arsenic  acid  with  a  slight 
excess  of  aniline,  and  heating  the^mtalline  mass  over  aslowfiretoabout  120 — 140°,  care 
being  taken  not  to  exceed  160°.  The  proportions  recommended  are  12  pts.  of  the  diy 
acid  of  commerce  ^which  is  chiefiy  a  dihyorate  containing  13-5  per  cent  water)  to  10 
pts.  of  aniline,  wita  or  without  the  addition  of  water.  The  operation,  according  to  the 
scale  on  which  it  is  carried  out,  requires  from  four  to  nine  hours  for  completion.  A 
perfectly  homogeneous  fluid  mass  is  thus  obtained,  which  on  cooling  solidifies  to  a  hard 
substance  with  metallic  bronze-coloured  lustre.  When  dissolved  in  boiling;  water  it 
produces  a  solution  of  great  richness  and  purity  of  colour.  From  this  somtion  the 
colouring  matter  may  be  precipitated  almost  free  from  arsenic  b^  addition  of  a  slight 
excess  of  soda.  The  precipitate  is  collected  on  filters,  washed  with  a  little  cold  water, 
and  redissolved  in  acetic  acid. 

3.  With  Mercuric  Nitrate.  (Gerber-Eeller's  process.) — 7  or  8  pte.  of  pulverised 
mercuric  nitrate  are  gradually  added,  with  constant  stirring,  to  10  pte.  of  anihne  heated 
in  a  water-bath  (too  hieh  a  temperature  might  cause  a  violent  and  eiq>lo8iye  reaction), 
llie  operation  laiste  ei^t  or  nine  hours,  at  ue  end  of  which  time  the  mass  becomes  of  a 
magnificent  violet-red  colour.  This  constitutes  the  azaleineof  commerce.  The  mer- 
cury is  reduced  during  the  process  to  the  metallic  stete,  and  may  be  used  again  for 
the  preparation  of  the  nitrate. 

4.  With  NUric  Acid.  (Lauth  and  Depouilly's  process.)— This  process  ought 
more  properly  to  be  called  treatment  of  nitrate  of  aniline  with  aniline,  as  it  requires 
the  amline  to  be  in  excess.  The  mixture  is  heated  to  about  1 50°  or  160°,  care  being  taken 
to  remove  the  heat  as  soon  as  the  reaction  becomes  at  all  lively.  After  several  hours 
a  mass  is  obtained  of  a  fine  violet-red  colour,  which  may  be  sent  into  commerce  as  soon 

*  This  mode  of  producing  anIHne-red  has  not  actually  be«n  carried  out  In  practice ;  but  a  Committee 
of  the  SoctM  indmtHe/le  de  MtUkouu  have  reported  (kTOurabljr  ou  the  poMibilily  of  performing  it  cco- 
Bomicallj  on  the  manufacturing  tcale. 
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u  ifc  has  been  treated  with  a  small  quantity  of  carbonate  of  ■odium  dissolyed  in 
water,  and  precipitated  by  aHdition  of  common  salt.  This  process  gives  good  results 
especially  on  the  small  soile ;  but  when  large  quantities  are  operated  on,  it  is  often 
difficult  to  regulate  the  action,  and  combustion  and  deflagration  ensue,  which  of  course 
destroy  the  entire  product. 

The  aniline-red  obtained  by  the  action  of  nitric  acid  or  mercuric  nitrate  has  a  more 
Tiolet  tint  than  that  prepared  by  means  of  the  anhydrous  chlorides. 

6.  Direct  production  of  AnUine-red  from  ^t^rodsnjrmA^-Nitrobencene  is  treated 
with  a  mixture  of  iron  and  hydroehloiic  acid,  or  with  ferrous  chloride,  whereby  it  is 
conyerted  into  aniline,  with  fonnation  of  ferric  chloride  (p.  420).  On  heating  the 
mixture,  the  ferric  chloride  reacts  upon  the  aniline  thus  produced,  oouTcrting  it  into 
aniline-red.  Messrs.  Laurent  and  Casth^las,  to  whom  this  process  is  due,  give  the 
name  of  erythrobengol  to  the  colouring  matter  thus  obtained ;  but  it  probably  consists 
mainly  of  rosaniline. 

PurifietUUm  qf  Aniline-^red. — ^The  crude  colours  obtained  by  the  preceding  processes 
still  contain  undecomposed  aniline^  chiefly  in  the  form  of  milts,  together  with  tarry 
matters,  some  insoluble  in  water  and  dilute  acids,  others  soluble  in  sulphide  of  carbon, 
naphtha,  or  in  caustic  or  carbonated  alkalis.  On  boiling  the  crude  red  with  ei^cess  of 
alkali,  the  undecomposed  aniline  is  expelled,  the  add  which  exists  in  the  product 
being  fixed  by  the  alkali,  while  very  little  of  the  colouring  matter  dissolves.  On  treat- 
ing the  slightly  washed  residue  with  boiling  water  acidulated  with  a  mineral  acid,  the 
red  is  dissolved,  while  certain  tarry  matters  remain  insoluble ;  and  if  the  boiling  solu- 
tion be  filtered  and  saturated  with  an  alkali,  the  colouring  matter  is  precipitated 
tolerably  pure.  The  precipitation  may  be  hastened  by  diBSolvinff  common  salt  in  the 
saturated  solution.  By  once  more  redissolving  the  precipitated  red  in  an  acid,  not 
employed  in  excess,  a  solution  is  obtained  which  firequently  crystallises,  or  from  which 
the  pure  red  may  be  thrown  down  by  a  new  addition  of  chloride  of  sodium  or  other 
alkaline  salt. 

In  France  the  hydrochlorate,  in  EngUind  the  acetate,  of  aniline-red  is  generally  used 
in  dyeing. 

domposition  and  Formation  of  Aniline-red, — ^Hofinann  has  shown  that  all  the  varieties 
of  aniline-red  are  salts  of  an  organic  base  which  he  designates  as  rosaniline.  This 
base  is  a  triamine,  CH^'N',  capable  of  uniting  with  one  or  three  (probably  also  with 
two)  atoms  of  add.  Moreover  three  of  its  hy£ogen-atoms  may  be  replaced  by  alcohol- 
radicles,  namely  methyl,  ethyl,  amyl,  phenyl,  and  tolvl  or  benzyl,  produdng  blue  and 
violet  dyes.  Further  than  this,  its  rational  constitution  has  not  been  distinctly  made  out. 
Neither  is  its  mode  of  fonnation  thoroughly  understood;  but  one  very  important  fact  has 
been  brought  to  light  by  the  researches  of  Hofmann,  and  confirmed  by  the  experience  of 
manufacturers,  namely  that  pure  aniline,  from  whatever  source  it  may  be  obtained,  is 
incapable  of  furnishing  aniline-red.  Commercial  aniline  prepared  from  coal-tar  always 
in  fiftct  contains  toluidine  (benzylamine,  C^H*N)  as  well  as  phenylamine ;  and  Hofmann 
has  shown  that  the  presence  of  this  base  together  with  aniline  is  essential  to  the 
formation  of  the  red  dve.  Toluidine  by  itself  is  just  as  incapable  of  yielding  the  red 
as  pure  aniline,  but  when  a  mixture  of  pure  aniline  and  pure  toluidine  is  treated  with 
stannic  or  mercuric  chloride,  or  with  arsenic  add,  the  tA  colouring  matter  is  immedi- 
ately produced.    Its  fonnation  may  perhaps  be  represented  by  the  equation : 

CmiX     +     2C'H*N       =       C»H»N»     +     H«, 
AniUne.  Toluidine.  RoMoUin*. 

(Cft«)»  ) 
and  its  constitution  by  the  formula  (C*H*r  >N',  containing  the  diatomic  radicles 

H«    ) 
phenylene  and  tolylene  or  benzylene.    (Hofmann,  Proc  Boy.  Soc.  486.) 

Schiff  (Ann.  Ch.  Pharm.  cxxv.  860;  cxxviL  337)  has  endeavoured  to  show  that 
the  fonnation  of  aniline-red  depends  upon  the  previous  formation  of  certain  compounds 
of  aniline  with  metallic  salts,  and  the  subsequent  decomposition  of  these  compounds, 
and  he  gives  a  general  equation  by  which  he  supposes  this  decomposition  to  be  repre- 
sented ;  but  this  theory  is  manifestly  erroneous,  masmuch  as  it  taJLes  no  oognisance  of 
the  essential  fact  that  the  formation  of  the  red  dye  depends  upon  Uie  presence  of 
toluidine  as  well  as  of  aniline. 

Rosaniline  when  separated  from  the  solution  of  its  salts  by  predpitation  with  an 
alkali  exhibits  the  compodtion, 

C»H«N«0       -       C»ff»N».H*0. 

On  mixing  the  boiling  solution  of  the  acetate  with  a  large  excess  of  ammonia,  a  rose-red 
somewhat  ciystalline  precipitate  is  formed,  consisting  of  the  hydrate  in  a  tolerably  pure 
state ;  and  the  colourless  liquid  filtered  from  this  predpitate  while  boiling,  depodts  on 
cooling  white  needles  and  plates  of  the  perfectly  pure  hydrate. 
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Bosaniline  is  neariv  inBoloble  in  water^  aliffhtly  soluble  in  amnunUa,  more  soluble  in 
jalcoholf  with  deep  rea  colour,  insoluble  in  etker.  When  eiq>osed  to  the  air,  it  rapidly 
becomes  rose-coloured  and  ultimately  of  a  deep  red,  probably  in  oonsequenoe  <^  the 
formation  of  a  carbonate. 

Bosaniline  is  a  rather  powerful  base,  forming,  as  already  observed,  mono-acid  and 
triadd  salts,  almost  all  of  which  are  remarkable  for  their  beauty  and  the  facility  with 
which  they  crystallise.  They  may  be  prepared  either  by  direct  union  of  the  acid  with 
the  free  base,  or  by  boiling  the  ammonium-saltB  of  the  several  adds  with  excess  of  the 
base. 

The  mmto-oM  salts  exhibit  for  the  most  part  by  reflected  light,  the  lustrous  metallic 
ereen  of  the  wings  of  the  rose-beetle ;  in  transmilted  Ught  the  crystals  are  red,  becom- 
ing opaque  when  they  acquire  certain  dimensions,  ^e  solutions  of  these  salts  in 
water  or  alcohol  possess  the  magnificent  crimson  colour  which  diaracterises  xosaniline 
compounda  According  to  Chevreul(  Compt  rend,  liii  984)  the  green  cdour  reflected 
from  the  crystals  of  these  salts  is  exactly  compLementaiy  to  the  crimson  colour  which 
the  solutions  impart  to  wool  and  silk.  The  trt'Oeid  salts  of  roaaniline  are  yellowish-brown, 
both  in  the  solid  state  and  in  solution.  They  are  much  more  soluble  in  water  and 
alcohol  than  the  mono-acid  salts. 

The  salts  of  rosaniline  when  treated  with  reducing  agents,  sulphide  of  ammionium  for 
example,  are  oouTerted  into  leucaniline  (iii  674) : 

Rouniline.  LeucanUlne. 

AcetaU  of  RosanUtM,  C**Hi*N".C*HK)*._Thi8  is  perhaps  the  finest  of  all  the 
rosaniline-salts,  sometimes  separating  from  large  quantities  of  solution  in  crystals  an 
inch  in  diameter.  It  is  yery  soluble  in  water  and  alcohol,  and  does  not  crystallise  well 
ftom  small  quantities  of  solution.  The  crystak  when  freshly  prepared  exhibit  in  a 
high  degree  the  green  metallic  lustre  already  mentioned,  but  on  protracted  .exposure  to 
light,  this  colour  disappears,  the  crystals  assuming  a  da^  reddish-brown  tint. 

Hydrochhrates. — Tke  mono-acid  salt,  C-'H'*N*.HC1,  is  deposited  from  its  boiling 
solution  in  well-defined  rhombic  plates,  frequently  in  stellar  forms.  It  is  but^Mirin^ly 
soluble  in  water,  more  soluble  in  alcohol,  insoluble  in  ether.  It  retains  a  small  quantity 
of  water  at  100^,  but  becomes  anhydrous  at  130^.  Like  most  rosaniline-salts,  it  is 
yery  hygrosoopia    Treated  with  zinc  and  hydrochloric  acid,  it  yields  leucaniline. 

The  tri-add  hydrochlorate,  G^*H**N*.3Hul,  is  obtained  by  adding  yery  strong  hydro- 
chloric add  to  a  warm  solution  of  the  base  in  moderately  strong  add.  The  whole  then 
solidifies  on  cooling  to  a  network  of  beautiful  biown  needles,  which  must  be  washed 
with  strong  hydroddozic  acid  and  dried  in  a  yacuum  oyer  lime  and  oil  of  yitriol,  as 
water  decomposes  them,  reproducing  the  mono-add  salt.  The  tri-add  salt  giyes  off 
part  of  its  acid  at  100^,  the  brown  orstals  becoming  indigo-blue,  and  being  ultimately 
converted  into  the  green  crystals  of  the  mono-acid  salt. 

Both  the  hydrochlorates  of  rosaniline  unite  with  tetrachloride  of  platinum,  forming 
uncrystallisable  double  salts  which  appear  to  contain  2(C»fii*K*.HCl).PtCl«  and 
2(C»H»»N«.8HCl).3PtCl*  respectively. 

Hydrobromate  o/Bosani&ne,  C^*H**N'.HBr,  resembles  the  mono-add  hydrochlorate  in 
every  respe^  but  is  even  less  soluble.  The  hydriodaUt,  C^H'*N'.HI,  forms  green  very 
soluble  needles. 

Nitrate  of  RosanUine,  C*'H^'N*.yHO',  pbtained  by  dissolving  the  base  in  warm 
dilute  nitric  add,  forms  small  crystals  resembling  the  other  salts  of  ropaniline. 

The  pierate  or  trinitrophenaU,  C»H"N".(>H«(NO«)«0,  crystallises  in  beautiful 
reddish  needles,  Hkewise  very  sparingly  soluble  in  water. 

8ulphat€S.^The  neutral  salt,  (C*H'»N»)«H«SO*  (at  130°),  obtained  by  diMolving  the 
base  in  dilute  sulphuric  add,  is  deposited  in  green  crystals  having  a  metallic  lustre. 

Tannates. — Tannic  add  added  to  an  aqueous  solution  of  rosaniline,  dther  neutral 
or  acid,  throws  down  the  whole  of  the  rosaniline  in  the  form  of  an  insoluble  tannate. 
The  predpitate  formed  in  cold  dilute  solutions  has  an  intense  carmine  colour,  like  the 
carmine- lake  of  c6chineal ;  from  warm  concentrated  solutions  it  separates  as  a  tenadous, 
pitchy,  red-brown  mass.  If  the  tannic  add  is  in  excess,  the  solution  retains  a  red 
ooloor,  indicating  the  formation  of  a  more  soluble  (di-  or  tri-add)  salt  The  neutral 
tannate  is  likewise  formed  when  cloth  mordanted  or  printed  with  tannic  acid  is  dipped 
in  a  slightly  add  solution  of  aniline-red.  It  dissolves  in  alcohol,  wood-spirit  and  acetic 
add  with  the  deepest  crimson  colour ;  in  concentrated  solutions  of  the  stronger  acids 
with  reddish-yellow  colour,  which  however  changes  to  red  on  addition  of  water,  part  of 
the  salt  being  at  the  same  time  precipitated ;  by  prolonged  boiling  with  concentrated 
adds  it  is  decomposed.  Alkalis  decolorise  it,  but  the  colour  is  restored  by  neutralisa- 
tion with  an  acid.  When  tannate  of  rosaniline  is  triturated  with  three  or  four  times 
its  weight  of  wood-spirit  and  the  thickish  carmine-  coloured  mass  is  mixed  with  a  quantity 
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of  nitric  or  hydrochloric  acid  (or  better  with  aloohd  satnmted  with  hydrochloric  add), 
equal  to  ^  to  ^  of  the  yoltune  of  the  wood-spirit,  the  colour  of  the  miztwe— 'Which 
dries  up  quickly  if  the  trituration  be  oontinued'^paaeeB  into  violet  and  finally  into  blue. 
By  duly  reenhMing  the  proportion  of  acid,  any  required  shade  of  colour  may  be  obtained. 
Ab  these  Uue  and  violet  colouring  matters  are  neariy  insoluble  in  water,  they  may  be 
freed  from  adhering  add  by  washing  with  water.  For  dyeing;  they  are  dissolved  in 
alcohol  or  wood-epirit»  and  the  solution  is  diluted  with  water.  (E.  Kopp,  Jahresb. 
1862,  p.  694.) 

Dyeino  with  AntUne-red. — The  salts  of  rosaniUne  chiefly  employed  for  dyeing  silk 
and  wool  are  the  acetat^  hydrochlorate  and  nitrate  ;  their  application  is  yeiy  simple. 
Silk  is  dyed  by  passing  it  through  a  cold  aqueous  solution  of  the  salt ;  for  the  dyeing 
of  wool  tiie  solution  is  heated  to  50^  or  60^  C.  Bosaniline  is  precipitated  from  its 
solutions  and  fixed  b^  silk  and  wool,  with  such  rapidity  and  force  that  it  is  necessary 
to  operate  with  solutions  comparatiyely  weak  at  first  and  only  gradually  strengthened ; 
otherwise  the  dye  will  be  unequal,  the  portions  first  immersed  being  more  strongly 
coloured  than  the  rest.  Cotton,  on  the  other  hand,  has  no  attraction  for  this  colouring 
matter,  and  requires  first  to  be  treated  with  some  animal  mordant,  such  as  albumin, 
prepared  glutin,  casein,  lactarin  or  gelatin,  or  with  tannic  acid,  the  latter  being  used 
either  in  its  combinations  with  metallic  oxides,  as  antimonic,  stannic  or  plumbic,  or  as 
tannate  of  gelatin.  For  some  time,  oily  preparations  were  employed,  such  as  sulpho- 
margaric  or  sulpholeic  add. 

When  a  stuff  which  has  been  dyed  with  aniline-red  is  printed  with  a  strong  acid, 
it  it  decolorised,  with  formation  of  a  yellowish  stain  in  consequence  of  the  conversion 
of  the  mono-add  salt  of  rosanilii^  into  a  tri-add  salt^  which  has  but  little  colour;  but 
on  washing  the  material  with  water,  the  excess  of  add  is  removed  and  the  red  colour  is 
restored.  On  printing  with  a  powerful  base,  caustic  soda  for  example,  the  red  rosaniline 
salt  is  decomposed  and  colourless  rosaniUne  is  liberated,  but  when  the  soda  is  washed 
out  with  vrater,  the  red  colour  reappears,  the  rosaniline  probably  becoming  carbonated. 
Ammonia  likewise  destroys  the  colour  for  a  time,  but  as  the  ammonia  escapes  the  red- 
coloration  returns.  If  however  the  dyed  fabric  be  left  for  some  time  in  contact  with 
weak  aqueous  ammonia^  the  rosaniline  is  for  the  most  part  dissolved  out,  and  the 
colour  is  then  no  longer  restored  by  rinsing  with  water. 

Derivatiffes  of  RosanUine, 

Trfetty^roMWlltM,  C**H"N>  -  C»H>«(C>H«)«N*.— This  compound,  which 
yields  one  of  the  varieties  of  a  H  i  1  i  n  e  -  y  i  o  1  e  t,  was  discovered  by  H  o  fm  a  n  n  (Proc  Boy. 
Soc.  ziii.  13 ;  BulL  Soc.  Chim.  1866,  [1]  165),  and  is  known  in  commerce  as  So/- 
matin's  violet.  It  is  obtained  by  heating  1  pt  of  rosaniline,  2  pts.  iodide  of  etiiyl,  and 
about  2  pts.  of  strong  alcohol  to  100^  for  three  or  four  hours,  in  a  yessel  capable  of 
resisting  a  certain  amount  of  pressure.  The  mixture  is  then  left  to  cool,  an4  the  syrupy 
violet  mass  is  dissolved  in  alcohol  or  wood  spirit.  The  resulting  solution  of  hydriodate 
of  triethyl-rosaniline  may  be  used  for  dyeing  and  printing  just  like  the  other  aniline 
dyes.  By  using  them  in  this  manner,  however,  the  iocune,  which  is  a  substance  of 
some  value,  is  lost.  It  may  be  recoyered  by  boiling  the  product,  either  before  or  after 
solution  in  alcohol,  with  a  caustic  alkali,  which  predpitatee  the  triethyl-rosaniline, 
leaving  the  alkaline  iodide  in  solution.  From  this  solution  the  iodine  may  be  recovered 
in  the  usual  way,  and  employed  for  the  preparation  of  a  fresh  quantity  of  ethylic  iodide. 
The  triethyl-roeaniline  is  washed  with  water  till  all  the  soluble  salts  are  removed,  then 
dissolved  in  akdhol,  containing  hydrochloric  add,  or  in  acetic  add  more  or  less  diluted 
vrith  water,  and  this  solution  is  used  for  dydng  and  printing. 

If  the  triethyl-rosaniline  obtained  as  above  be  again  treated  with  iodide  of  ethyl, 
and  the  series  of  operations  repeated  two  or  tlu*ee  times,  the  ultimate  product  is  an 
etkyliodate  of  triethyl-rosamline,  CMHii^ax)tQij^ 

Similar  products  are  obtained  by  treating  rosaniline  with  the  iodide  of  methyl  at 
100«  or  iodide  of  amyl  at  160O— 160<>. 

Oiker  varieties  of  JniUne-molet. — ^By  heating  a  salt  of  rosaniline  with  a  quantity  of 
aniline  less  than  sufficient  to  form  aniline-blue,  e.g.  equal  parts  of  hydrochlorate  of 
rosaniline  and  aniline  to  180^,  a  violet  colouring  matter  is  produced,  which  wts  origin- 
ally patented  by  MM.  GKrard  and  De  Laire,  and  is  known  in  commerce  as  violet 
impiXial.  It  is  likewise  obtained  together  with  aniline-blue,  when  a  salt  of  rosaniline 
is  heated  with  excess  of  aniline  (p.  472).  Its  composition  has  not  been  aeceortained, 
bat  it  is  perhaps  a  mixture  of  rosaniline  and  triphenyl-rosaniline,  or  a  mono-  or 
diphenylic  rosaniline. 

Another  aniline- violet  has  been  obtained  by  Nicholson.  It  is  fimned  by  earefolly 
heatinff  aniline-red  to  a  temperature  between  200^  and  216^.  Ammonia  is  then  given 
off,  and  a  dark  semi-solid  mass  is  formed.    This  is  exhausted  with  aeetie  add,and  the 
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deep  Tiolet  solution  diluted  with  sufficient  alcohol  to gire  the  dye  a conyenient  strength 
for  commercial  purposes. 

Lastly,  Perkin's  maureine  must  be  regarded  as  a  Tariety  of  aniUne-Tiolet;  but  as 
its  salts  have  a  purple  colour,  it  is  best  to  designate  this  oolouriiig  matter  as  aniline- 
purpl^  the  name  originally  given  to  it  by  its  discoTerer. 

Trtptaeajl-roMUiUlne,  C"H»N*  -  C*H>*(C*H*^'N*.— This  base,  the  salts  of 
which  form  the  spendid  blue  dye  called  aniline-blue,  also  "Bleu  de  Paris,"  or 
"Bleu  de  Lyon,"  was  discovered  by  Girard  and  De  Lai  re,  and  its  constitution  has 
been  determined  by  H  of  man  n  (Proc  Boy.  Soc.  ziii.  9).  It  is  produced  by  heating  a 
salt  of  rosaniline,  or  a  mixture  of  substances  capable  of  producing  such  a  salt^  with 
of  aniline :  e.  g. 


C»H"N».HC1  +   3(C^»H».N)     -     C*H»«(C^»)«N».HC1  +   8Nm 
Hydrochlorate  of  Aniline.  Hfdrocblorato  ofTri- 

BosaniHna.  phenyl-rouniltne. 

The  time  required  yaries  with  the  quantity  of  material  operated  upon.  If  a  mixtuiv 
of  2  kilosrammes  of  hydrochlorate  of  rosaniline  and  4  kilogrammes  of  aniline  be  em- 
ployed, £e  operation  is  complete  in  four  hours. 

Several  other  colouring  matters  are  however  formed  at  the  same  time,  among  which 
are  a  violet  {violet  imperial)  and  a  green ;  large  quantities  of  ammonia  are  also  eiven 
oS.  The  crude  blue  is  purified  by  treating  it  successively  with  boiling  water  acidiuated 
with  hydrochloric  acid,  and  afterwards  with  pure  water. 

Triphenyl-rosaniline  is  obtained  on  pouring  a  concentrated  solution  of  the  hydrochlorate 
in  ammoniacal  alcohol  into  water,  as  a  whit«  or  greyish  precipitate  consisting  of  a  h  yd  r  a  t  e, 
CH^N'.H'O.  It  shows  a  tendency  to  crystallise,  but  has  not  hitherto  been  obtained 
in  distinct  crystals.  The  alcoholic  and  ethereal  solutions  deposit  it  in  the  amorphous 
state,  even  on  spontaneous  evaporation.  It  is  very  liable  to  change,  gradually  becom- 
ing blue  durine  washing,  and  especially  during  drying,  even  in  vacuo.  The  vacuum- 
diT  substance  heated  to  100^,  assumes  a  deep  brown  colour  which  it  retains  on  cooling; 
it  likewise  undeij^s  slight  Aision  also  at  that  temperature,  but  does  not  lose  weight. 

The  salts  of  tnphenyl-rosaniline  are  prepared  by  treating  the  free  base  with  acids. 
Only  mono-acid  salts  have  hitherto  been  obtained.  The  solutions  treated  with  zinc  and 
hydrochloric  add,  or  other  reducing  agents,  are  rapidly  decolorised  and  converted  into 
salts  of  triphenyl-leucaniline,  C"H"N*  (iii.  674). 

HydrochMrate  of  Triphenyl-roBanUine^  C*'H"N'.HC1,  is  the  aniUne-blue  obtained  by 
the  process  above  described.  It  is  an  indistinctly  ciystalline  powder  of  a  bluish-brown 
colour  becoming  pure  brown  at  100^.  It  is  perfectly  insoluble  in  water  whether  oold 
or  boiling,  insoluble  also  in  ether,  but  dissolves,  though  with  difficulty,  in  alooholy 
forming  a  solution  of  a  splendid  deep  blue  colour. 

From  the  boiling  saturated  alcoholic  solution  it  is  deposited  on  ooolins  in  the  form 
of  imperfed  crystidline  granules.  The  same  solution  when  evaporated  leaves  it  as  a 
thin  film,  which  refiects  light  with  a  peculiar  metallic,  half-golden,  half-ooppexy  lustre 
(Hofmann).  It  dissolves  in  strong  sulphuric  acid,  and  on  digesting  the  solution  for 
half  an  hour  at  150^  and  then  adding  water,  the  blue  colouring  matter  is  precipitated 
in  a  modified  state,  having  in  fact  become  soluble  in  pure  water.    (Nicholson.) 

The  hydrobromate,  hydriodate,  nitrate  ^d  sulphate,  (C"H'*N')'H*SO^  have  also  been 
prepared.  They  resemble  the  hydrochlorate,  but  the  nitrate  is  perhaps  a  little  more, 
the  sulphate  a  little  lees,  soluble  in  alcohol. 

Various  processes  for  the  production  of  Aniline-blue, — ^Rosaniline-salts  assume  a 
permanent  blue  eoloration  when  boiled  with  solutions  of  aldehydes  (Lauth,  Qnesne- 
yille*s  Monit  Scient.  [1863]  iv.  838) ;  or  with  crude  wood-spirit  (£.  Kopp,  Hid,  p.  332)^ 

Tannate  of  rosaniline  appears  to  be  especially  inclined  to  this  change.  The 
nature  of  the  blue  colouring  matter  thus  produced  is  unknown,  but  it  is  probably 
identical  with  that  produced  by  treating  romniline  with  excess  of  aniline.  Tne  same 
remark  applies  to  a  blue  dye  described  byGros-Renaud  and  Sc h ii f f  e r  of  Mulhouse 
{ibid,  iii.  292)  under  the  name  of  Mulhouse  blue,  which  is  formed  by  boiling  the  solu- 
tion of  a  rosaniline  salt  (generally  the  nitrate)  with  a  solution  of  gum-lac  and  carbon- 
ate of  sodium. 

THtoljl^«OMuil]Uie  or  Tolvidlae-blne,  C«>H"^*  »  C^B}\Cm^yjP  (Hof- 
mann, Ann.  Ch.  Pharm.  cxxxii.  290). — ^Produced  by  heating  the  ac<>tate  (or  other 
salt)  of  rosaniline  with  twice  its  weight  of  toluidine  (benzylamine).  The  reaction  ia 
preosely  similar  to  that  by  which  triphenyl-rosaniline  is  obtained : 

C*H»»N»  f   3C'H»N     -     C«H»^»  +   3NH«. 

Large  quantities  of  ammonia  are  evolved,  and  a  brown  metallic-shining  mass  is  obtained 
which  dissolves  in  alcohol  with  deep  indigo  colour.  This  product  is  acetate  of  tritolyl- 
Tosaniline.     When  treated  with  alcoholic  ammonia,  and  subsequently  with  water,  it 
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yields  the  boee  from  which  Tarioos  salts  may  be  prepared.  These  salts  resemble 
those  of  tripheDyl-rosamline ;  but  they  are  more  soluble  and  more  difficult  to  crystal- 
lise. The  \ydrocklorate  crystallises  from  boiling  alcohol  in  small  blue  cnrstals  insolu- 
ble in  boiling  water,  and  haying  when  dried  at  100°  the  composition  CH'^^HCL 

The  salts  of  tritolyl-iosaniline  when  subjected  to  dry  distillation,  undergo  a  decom- 
position similar  to  that  of  the  salts  of  triphenyl-rosazuline,  yielding  phenyl-tolyl- 
amine  CC»H»XC'H')HN  (p.  464). 

Tolyl-diphenyl-rosamlin,  C»H»^C*B[»)«(C*H')N«,  appears  to  be  obtained  as  a 
hydrate  by  heating  phenyl-tolylamine  with  mercuric  chloride. 

imiWii^-yrttow  or  CHuyanlftiin,  C**H"K* — This  ooloorinff  matter,  which 
diflbiB  from  rosaniline  hy  containing  2  atoms  of  hydrogen  less,  is  obtained  as  a  bye- 
product  in  the  preparation  of  aniline-red.  When  the  residue  from  which  the  rosaniline 
Lbs  been  extracted  is  submitted  for  some  time  to  a  current  of  steam,  a  quantity  of 
ehrysaniline  passes  into  solution,  and  is  i>recipitated  in  the  form  of  a  difficultly  soluble 
nitrate  on  adding  nitric  acid  to  this  solution.    (Nicholson.) 

ehrysaniline  in  the  free  state  is  an  amorphous  yellow  powder,  like  recently  precipi- 
tated ehromate  of  lead,  nearly  insoluble  in  water,  but  dissolying  readily  in  cieohol  and 
in  ether.    It  forms  two  series  of  crystallisable  salts,  mono-acid  and  di-acid. 

The  di-acid  hydrochloraU,  C*H'^*.2HC1,  is  formed  as  a  scaly  precipitate  on  adding 
concentrated  hydrochloric  acid  to  a  solution  of  the  base  in  the  dlilute  acid.  It  dissoiyes 
easily  in  water,  less  easily  in  alcohol,  and  not  at  all  in  ether.  It  forms  a  hydrate  con- 
taininff  1  atom  of  water.  It  does  not  lose  weight  between  100^  and  120^,  but  when 
heated  for  a  fortnight  to  160^ — 180^  it  is  oonyerted  into  a  yellow  crystalline  powder 
of  the  neutral  salt  CH^'N'.HCl.  which  is  somewhat  less  soluble  in  water  than  the  add 
salt.  It  unites  with  tetrachloride  of  platinum,  forming  a  ekloraplatinate  which  crys- 
tallises from  a  dilute  solution  in  large  beautiful  tablets. 

The  nUratea  of  ehrysaniline  crystallise  with  the  greatest  facility  in  ruby-red  needles 
which  are  so  sparingly  soluble  in  water  that  a  solution  of  nitrate  of  potassium  contain- 
ing only  1  grm.  of  nitric  acid  in  a  litre,  immediately  yields  a  crystalline  precipitate 
on  addition  of  a  chrysaniline-salt  The  neutral  nitrate,  C*"H"N'.NHO',  is  obtained  by 
boiling  ehrysaniline  in  excess  with  dilute  nitric  acid ;  and  the  solution  of  this  salt 
mixed  with  cold  concentrated  nitric  add,  yidds  the  add  nitrate,  C^H"N*.2NH0*,  in 
eiystids  resembling  ferricyanide  of  potassium  and  decompodble  by  water. 

Sulphate  of  chryaandine  is  easily  soluble  and  difficult  to  czystalliBe.     (Hofmann.) 

Chrjrsaniline  and  its  salts  dye  silk  and  wool  a  splendid  golden  ^yellow  colour. 

Schiff  (Ann.Ch.  Pharm.  cxxrii.  342),  by  triturating  aniline  with  2  pts.  of  potassic 
antimonate  or  stannate,  and  supersaturating  with  hydrochloric  acid,  obtained  a  scarlet 
colouring  matter  soluble  in  ether-alcohol,  and  forming  with  hydrochloric  add  a  salt 
which  crystallised  from  ether  in  laminae  resembling  canthandes,  and  yielded  with 
alkalis  a  deep  yellow  flocculent  body  capable  of  imparting  a  permanent  yellow  dye  to 
■ilk  and  wool 

WMMM  Ifcil MMO JlUMg»  Compounds  deriyable  from  ammonium,  NH*,  by  the 
■abstitntioB  of  phenyl  or  deriyatiyes  of  phenyl,  &c.,  for  equiyalent  quantities  of  hydrogen. 

1.  PhenylMnmonittmt  etmlaininff  arUff  Jleohol^adiolea. 

All  the  salts  of  aniline  and  its  denTatiTes  described  in  the  preceding  pages  may  be 
reearded  dther  as  compounds  of  ammonia-molecules  with  adds,  or  of  ammonium-mol»- 
eues  with  salt-radides :  «.  ff. 

((>H»)H«N.HC1  -         (C^»)H«N.a 

Hydrochlorate  of  Chloride  of  phenyl- 

pbenylamine.  ammoDlum. 

(C»H»XC*H»)«N.HNO«    -        (C^»XC?H»)«HN.NO« 

Nitrate  of  dMhyUpbrnnjl"  Nitratv  of  dlethyl-pheojl- 

unine.  •      ammonium. 

(OH"C1N)«.H«80*  «        (<>H»C1N)^0« 

Sulphate  of  chloro-  Sulphate  of  chloro- 

pnenjUmiiM.  phenjUmmonium. 

But  there  are  certain  compounds  which  cannot  be  formulated  as  compounds  of  phenyl- 
amines  with  adds,  but  must  be  r^arded  either  as  phenylamines  combined  with  com- 
pound etherB(alcoholic  sulphates,  ioiudes,  dec),  or  else  as  salts  of  phenylammoniums:  e.ff, 

(C«H»XC»H"XC«H»)N.CH»I        -        (C^»)(C*H"XC*H»)(CH»)N.I 

Methyl-iodate  of  eihyl-amylo-  Iodide  of  in«4hyl-erb«  I  amylo- 

phenylamhiflk  phenylammonlum. 

The  latter  yiew  afibrds  the  best  explanation  of  most  of  their  reactions. 
The  iodides  of  these  phenylammoniums  in  which  the  whole  of  the  hydrogen  is 
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replaced  by  alcoliol-radiGlefl,  are  obtained  bj  beating  a  tertiaiy  phenylaoiine  witb  aa 
aicohoUe  iodide  in  sealed  tabes ;  thus  diethylaniUne  (C^(CH*)FN,  heated  with 
iodide  of  ethyl,  yields  iodide  of  triethylo-phenylammonium.  Tne  iodides  thus  obtained 
▼hen  treated  with  moist  oxide  of  silver,  yield  the  oorresponding  hydrates,  which  are 
strong  alkaline  bases  like  hydrate  of  tetrethylammoninm  (ii.  561X  and  cannot  be  dis- 
tilled without  decomposition ;  the  hydrate  treated  with  aoids,  yields  Tarions  salts. 

Triethyl'phenylammonium,  Cr«H»N  «  (C^»XO*H*)*N.  (Hofmann,  Ann. 
Ch.  Pharm.  Ixxix.  ii.) — The  hydrate,  C'*H"N.H.O,  forms  a  bitt«r  alkaline  solution 
which  when  evaporated  and  <H8tilled  is  resolved  into  water,  ethylene,  and  diethyl- 
aniUne: 

The  chloride,  G>*H'*NC1,  crystallises  with  moderate  fiacility.  The  ehioropiatinaU, 
2C»*H"NCl.PtCl\  is  a  light-yellow  amorphons  precipitate  very  slightly  solnble  in 
water,  insoluble  in  alcohol  and  ether. 

The  iodide  is  a  crystalline  mass  obtained  by  heating  a  mixture  of  diethylaniliae  and 
iodide  of  ethyl  in  a  sealed  tube  for  two  hours  at  the  heat  of  the  water-bath,  and  re- 
moving the  excess  of  ethylic  iodide  or  diethylaniUne  by  distillation. 

The  sulphate,  nitrate,  and  oxalate  crystalUse  readily. 

Methyl-ethyl-amylo-phenyl-ammonium,  C"H»*N  «  (C^»XCH»XC*H») 
(C*H'')fi.— The  hydrate  yidds  by  distillation  water,  ethylene  gas  and  methyl-amyl- 
aniline: 

(CH-XCH-XCB'XCff'jNjo    „    H^  +   C.H*  +  (CH'XCH^CH")N. 

The  chloroplaHnate,  2C*^H*^C3.RC1^  is  a  light  coloured  non-crystalline  precipitate. 
The  iodide  obtained  Vy  heating  ethyl-amylaniline  with  methyUc  iodide  is  erystalUne  and 
soluble  in  water.     (Hofmann,  loc,  ctY.) 

Ethyl'triphenylammonium?  -  C»H~N  =  (C»H»)»(C*H»)N.     (Seep.  454.) 

2.  Phenyl-^mmomume  containing  Metale. 

Aniline  unites  with  several  metallic  salts,  fbfrming  oompounds  which  may  be  regaidfd 
as  salts  either  of  metaUo-phenylamines  or  of  metallo-phenylammoniums :  thas  with 
mercuric  chloride  it  forms  the  compound  20«H^.Hg"Cl»    «    C»*H«Hg"'N«.2HCl 
C^*B}*Sg'^*,Ci*,    The  general  formula  of  these  compounds  is : 

M(-)  )  MC")    ) 

nC«H^.MC»)X-       -       (OTI*)->N-.wHX       =        (C*H*)4n-.X-; 

H-    )  H»-) 

in  which  M(°)  denotes  an  n-atomic  metal,  and  X  a  monatomic  salt-radicle  such  as  01, 
NO*,  &c,  X'  being  of  course  replaceable  by  X^  X'  by  X^*),  &c»* 

AifTDCONT  -  coifPOTnnM.      Chloride   of   D^henyletiiomum,     SG^'N.SbCl*       m» 
(C«H»)n 
Sb"'    /'N'.Cl',  is  obtained  by  heating  aniline  with  dry  antimonious  chloride,  or  by 

adding  aniline  to  a  solution  of  the  chloride  in  benzene,  as  a  white  crystaUine  mass, 
\diich  is  soluble  only  in  aniline  and  separates  therefrom  in  slender  nee<ues.  It  is  de- 
composed by  water,  and  is  converted  into  a  double  salt  by  hydrochloric  add.  It  melts 
at  80°,  solidifies  again  in  long  needles  and  is  partiaUy  decompoeed  by  distillation. 
(H.  Schiff,  J.  p.  Chem.  Izxxix.  226 ;  Jahresb.  1863,  p.  413.) 

Iodide  of  Triphenyhtibonium,  &c.,  Sb"'(C*H*)'H*N'I*,  is  produced  in  like  manner  (at 
100^ — 120°),  and  separates  from  the  excess  of  aniline,  in  yeUow  needles  which  are  de- 
composed by  boiling  with  caustic  alkalis,  yielding  aniline,  antimonious  oxide  and  iodide 
of  potassium. 

Absbnic-compouhd.  Chloride  of  Triphenylarsonium,  3C^T5r.AsCl»  «  A8'*'(C«B[*)» 
H^*G1',  obtained  in  like  manner,  is  crystalline,  melts  at  about  90^,  and  distils  without 
decomposition  between  205°  and  210^.  It  is  somewhat  soluble  in  water,  with  separa- 
tion of  arsenious  acid.  The  corresponding  iodide  is  not  altered  either  by  cold  wat^er 
or  by  dilute  sulphuric  acid ;  but  boiling  alcohol  decomposes  it,  yielding  hydriodate  of 
iodaniUne,  free  aniUne  and  brown  flocks  of  proto-iodide  of  arsenic  (Schiff,  loc.  crt.) : 

As(C«H»)«H«N»P     -     C^»IN.HI  +  2C«H'N  +  Asl. 
EiSMDTH-coMFOUMDS.      Chloride  of  Triphenyl-bismuthonium,    3C*H'N.BiCl'      « 

*  In  the  ffpneral  formula  glren  on  page  43R,  Hn  it  erroneontly  printed  Intteed  of  IP" ;  oonespooding 
■lUiirutiont  are  alto  requTed  in  the  examples  »hich  follow  uu  tbeaaine  page. 
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Bi''(C«H*)*H«N>Cl',  is  a  ftisibie,  indiBtiDcUy  OTStaUiiie  maM  which  is  rerj  abwly  di»- 
composed  by  water,  and  tunu  violet  when  heated. 

Auiline  mixed  with  aqneona  chloride  of  bismnth  fozmf  a  precipitate  eonmsting  of 
C'H'N.BiCaO.    (Schiff.) 

Gaoioitm-oomfoxtndb.    Besemble  the  zine-compomidB  (ff^ra). 

CoFPiK-coxFcrtrND.  Sulphate  of  Phenyl-cupramnumiufn,  2C^^N.Cii''S0^  » 
Ca"(C*H*)*fl*N*.SO\  ia  obtained  as  a  green  czystalline  precipitate  on  adding  cnpx^e 
salphate  to  a  solution  of  aniline.  Boiling  water  decomposes  it,  sulphate  of  anihne  dis- 
solyingand  a  basic  sulphate  of  copper  being  deposited  (Gerhardt).  Aniline  forms 
with  cupric  chloride  a  similar  precipitate  which  soon  tnms  black  (Hof man n). 

MntouBT-coicPOUiffDS.  CUaride  of  JHpkenyknereurammomum,  2C*H^.Hg*Cl'  — 
H^(C*H*)'H^N*G1\  sometimes  called  ekloromerctiraie  of  aniline,  is  precipitated  on 
adding  meienric  chloride  to  an  excess  of  alcoholic  aniline.  It  is  a  nacreous  precipitate 
which  must  be  collected  on  a  filter  and  washed  with  a  small  qoantity  of  akohoL  It 
nves  off  a  small  quantity  of  aniline  even  at  60^,  and  turns  yellowish  ^Gerhardt, 
TraiUf  iii.  86).  According  to  8c h ifl^  it  deoomjposes  at  100°,  yielding  aniline-red,  and 
a  similar  red  product  is  obtained  by  heating  anuine  with  mercuroos  chloride  to  150°. 
[Probably  the  aniline  used  contained  toluidine  (see  p.  469).] 

Another  mercuiy-salt  containing  C^'H^^Hg^NK)!*  2Hg''CP  or  2C*H*K.3H£f  Q',  rises 
to  the  snsfiue  as  a  pasty  mass  when  aniline  is  mixed  with  [excess  of?]  aqueous  cor- 
zosiTe  sublimate ;  on  mixhig  the  alcoholic  solutions,  it  is  precipitated  in  the  form  of  a 
soft  white  powder,  which  soon  becomes  cnrstalline.  It  must  be  washed  with  water. 
When  boiled  with  water,  it  turns  lemon-yeUow,  witii  eyoludon  of  a  small  quantity  of 
aniline,  and  partial  solution  of  the  salt,  which  crystallises  out  without  alteration  on  cooling. 
In  a  small  quantity  of  hot  hydrochlorio  add  it  dissolves  partially  and  melts  into  a 
heavy  red  od;  in  a  large  quantity  completely,  and  yields  white  crvstals  on  cooling.  In 
cold  water  it  dissolves  very  sparingly;  slightly  also  in  boiling  alcohol,  from  which 4t 
crystallises  on  cooling  (Hofmann).  Of  the  same  composition  also  are  probably  the 
needles  which  Gerha^t  obtained  by  ftirther  addition  of  corrosive  sublimate  to  the  alco- 
holic liquid  filtered  from  the  preceding  salt,  and  which,  when  boiled  with  alcohol, 
yielded  an  orange-yeUow  residue  and  a  dark  yellow  filtrate,  from  which  a  mixture  of 
colourless  and  orange-yellow  crystals  were  deposited  on  cooling. 

Cymdde  of  DipSmylmercuramtnoniimi,  2(>HTf.Hg''Cy*  -  flg''(C«H*)«H*N«.Cy«, 
separates  in  long  needles  on  mixing  aniline  with  a  hot  aqueous  solution  of  mercuric 
cyanide.  It  melts  very  easily,  and  is  easily  resolved  into  aniline  and  cyanide  of  mer- 
cury at  80°.    It  is  not  decomposed  by  alkalis.    (Schiff.) 

The  corresponding  iodide  is  obtained  by  double  decomposition,  in  yellowish  laminiw, 
and  is  converted  into  a  red  colouring  matter  at  100°.    (Schiff.) 

The  nitrate,  Hg'(C'H*)'H*N'.2N0*,  is  formed  on  mixing  aniline  or  nitrate  of  aniline 
with  mercuric  nitrate,  as  a  white  precipitate  which  becomes  crystalline  in  contact  with 
dilute  adds.  When  heated  with  water,  it  gives  up  nitrate  of  aniline,  and  is  converted  into 

white  pulverulent  nitrate  of  diphenyl-dimercurammcmium,  ftff*(C«H»)«H«N».2N0*.H»0, 
and  this  by  the  prolonged  action  of  boiling  water,  is  converted  mto  nitrate  of  diphenyl' 

irimerourammonium,  ]ftg^C«H»)Tr.2N0*.H«0.     (Schiff.) 

Nitrate  of  Phmyl-mercuroeammonium,  Bg(C'H*)H'NJNr()',  is  formed  by  treating 
aniline  with  mercurous  nitrate;  it  is  crystalline  and  easily  deoomposible.     (Schiff.) 

PjLixAsiuic-ooMFonfD.  CAforkfo  o/ I)ipA«»y^j>a/teitoOT*n<wtttm,  Pd"(CJ*H»)*H*N*Cl*, 
IS  formed  on  adding  palladious  chloride  to  water  containing  aniline  in  suspension,  as  a 
light  yellow  crystalline  predpitate,  insoluble  in  excess  of  aniline.  A  similar  precipitate 
is  formed  with  palladious  iodide.    (Gerhardt;) 

Tnc-coMPOTODS.  Chloride  of  DiphenyUtannosammonium,  Sn7CJ^*)*H*N«Cn*,  is 
formed  as  a  slightly  soluble  crystalline  mass  on  mixing  aniline  ana  stannous  chloride 
in  equivalent  proportions. 

Chloride  of  Tetraphmylstannicammonium,  Sn'^(C^»)*H"N*CJl*,  is  produced  by 
strongly  heating  an  intimate  mixture  of  2  at  aniline  and  1  at.  tetrachloride  of  tin,  or 
by  dropping  aniline  into  a  solution  of  the  tetrachloride  in  benzene.  It  is  a  white  crystal- 
line powder  which  is  decomposed  by  water  with  separation  of  stannic  oxide,  when 
heated  even  in  a  stream  of  dry  carbonic  anhydride,  it  is  resolved,  according  to  Schi£^ 
into  aniline,  ammonia  and  rosaniline?  (see  p.  469). 

Ziirc-coMFOUMi>s. — Chloride  of  Diphenyl'Ztncammonium,  Zn''(C*H')*H<NKJl*,  crystal- 
lises in  obliqne  rhombic  prisms  easily  soluble  in  water  and  in  alcohol,  and  resolved  by 
prolonged  boiling  into  aniline  and  diloride  of  zinc.  The  chloroplatinate  is  a  granule- 
crystaUine  salt.    The  bromide  and  iodide  resembles  the  ddoride  in  composition  and 
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properties.  The  sulphate,  Zn"(C^*)'H*N'.SO\  is  more  soluble  and  serree  for  the 
preparation  of  the  preoeding  salts  by  double  deoomposition.    (Schifl) 

PBBVTXi-AXTXk  G"H*  »  C*H«.C*H'>.  (Tollens  and  Fittig^  Ann.  Ch. 
Pharm.  czxxi.  313.) — A  hydrocarbon  formed  by  the  action  of  sodium  on  a  mixture  of 
bromobenzene  (bromide  of  phenyl)  and  bromide  of  amyl,  dUuted  with  benzene.  The 
action,  which  is  attended  with  considerable  rise  of  temperature,  is  soon  completed,  and 
if  the  mixture  be  then  distilled,  a  colourless  liquid  is  obtained,  containing  phenyl-amyl 
together  with  traces  of  ft«e  amyl  and  phenyl,  and  the  benzene  used  for  dilution;  and  by 
a  few  rectifications,  collecting  apart  the  liquid  which  passes  OTer  at  193°,  the  phenyl- 
amyl  may  be  obtained  pure. 

Fhenyl-amyl  is  a  transparent  colouriess  li(^uid  having  a  peculiar  odour  not  like  that 
of  benzene.  It  boils  at  196°,  and  has  a  speaflc  eravity  of  0*859  at  12^.  By  oxidation 
with  chromaU  of  potassium  and  suJipkwno  acid,  it  is  oonyerted  into  benzoic  acid. 
Chlorine  attacks  it  slowly,  with  evolution  of  hydrochloric  acid,  and  ultimately  converts 
it  into  a  viscid  mass  which  exhibits  no  trace  of  crystallisation.  "Bj  fuming  nitric  acid  it 
is  converted,  with  great  evolution  of  heat,  into  nitrophenyl-amyl,  CH'^fNO'), 
which  separates  as  an  oil  on  addition  of  water,  and  cannot  be  distilled  without  decom- 
position. A  certain  quantity  of  dinitrophenyl-amyl  ia however  always  formed  at 
the  same  time,  and  in  greater  proportion  as  the  temperature  is  allowed  to  rise  higher. 
Nitrophenylamyl  is  easily  reduced  by  tin  and  hydrochloric  acid,  yielding  a  base  in  the 
form  of  a  white  flocculent  precipitate,  which,  on  exposure  to  the  air,  quickly  assumes  a 
dark  blue  colour  and  decomposes. 

Phenyl-amyl  dissolves  easily  at  a  gentle  heat  in  very  strong  or  in  fuming  sulphuric 
acid,  forming  a  sulpho-acid,  C"H"SO',  which  when  neutralised  with  barytie 
carbonate,  yields  a  bariurnrsaltj  CH''Ba"S^O*,  crystallising  with  great  &cility  in 
long  capillary  silky  needles,  sparingly  soluble  in  cold,  somewhat  more  soluble  in  hot 
water.  The  potassiun^salt,  C"H'^KS0*,  prepared  from  the  barium-salt  by  double 
decomposition,  forms  a  radio-crystalline  mass  very  soluble  in  water  and  in  aloohoL 
The  free  acid  separated  from  the  barium-salt  by  siQphuric  add,  solidifies  in  vacuo  to  a 
radio-crystalline  mass,  which  deliquesces  very  quickly  on  exposure  to  the  air,  but  forms 
a  crystalline  compound  with  a  larger  quantity  of  water.  It  is  a  very  stable  compound, 
melts  when  heated,  and  decomposes  only  at  a  much  higher  temperature.  Its  aqueous 
solution  may  be  boiled  for  a  long  time  and  evaporated  to  a  thick  syrup  without  decom- 
position. On  adding  chloride  q/  barium  to  a  dilute  solution  mixed  with  hydrochloric 
acid,  the  large  needles  of  the  barium-salt  are  deposited  in  a  few  seconds.  Ch'oride 
o/cidcium  forms,  only  in  a  concentrated  solution  of  the  acid,  a  precipitate  which  dis- 
solves on  heating  the  liquid,  and  separates  as  it  cools  in  shining  crystalline  scales. 
Nitrate  of  silver  tormB,  even  in  a  somewhat  dilute  solution  of  the  acid,  a  white  precipi- 
tate which  dissolves  in  hot  water,  and  crystaUises  therefrom  in  large  shining  needles. 

C«H'0«) 
PBaSTab•^^KZ8AlaBB  or  AnisanUide,  C*«H»NO*   »  C«H*     >N.— Obtained 

H      ) 
by  the  action  of  chloride  of  anisyl,  CH'OKIl,  on  aniline.    Crystallises  from  alcohol  in 
slender  needles  which  sublime  at  a  gentle  heat.    (C  ah  ours,  Ann.  Gh.  Phys.  [3]  xxiii 
853.) 

H«.0«H»)  ^ 
VHaVlX-AmsaVAinO    ACZB.      G^H^AsNO*    «  (AsO)*'  ^q,  or  perhaps 

H*.C«H»)t^ 
(AsO^yJ-Q  (Bichamp,  Compt.  rend.  Ivi.  1172).— When  the  product  obtained  by 

heating  arsenate  of  aniline  is  treated  with  a  solution  of  sodic  carbonate,  earbonie 
anhydride  is  evolved,  and  a  viscid  precipitate  is  formed,  consisting  of  aniline  and  colour- 
ing matters,  and  the  filtered  solution,  when  evaporated  and  mixed  with  nitric  add, 
deposits  phenyl-arsenamic  acid,  which  may  be  rendered  colourless  by  crystallisation 
from  water,  with  addition  of  animal  charcoal.  It  is  decomposed  by  heat,  dissolves 
without  alteration  in  alkalis,  but  is  decomposed  by  fusion  with  alkalis,  into  aniline  and 
an  alkaline  arsenate :  it  decomposes  carbonates,  forming  crystalline  salts.  The  sodium^ 
salt,  CH^AsNO*,  and  the  potassium-salt  crystallise  in  rectangular  prisms ;  the  barium" 
salt  in  oblique  prisms.  The  silver-salt  is  anhydrous  and  likewise  crystallisable.  The 
had'  and  copper-salts  are  bulky  predpitates. 

PBBWYIi-BBVZAMZSBS.  Amides  containing  benzoyl  and  phenyl  or  its 
derived  radicles. 

Mienjl-beasamlde  or  BmuntnlUde,  Oi'H^NO  «  C'H*01n.    (Oerhardt, 

H    j 
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Ann.  Ch.  Phys.  [8]  zzzriL  327.)— ^E^rodnoed  by  the  action  of  chloride  of  hensoj],  or  of 

benzoic  anhydride,  on  aniline : 

C'H»0C1        +        C^».H«.N      -        (C^*XC'H»0)HN      +     HCL 
(CH»0)*0     +    2(C«H».H».N)     -     2[(C«H»)(CH*0)HN]     +     H«0. 

The  pioduct  obtained  by  either  of  these  reactions  is  washed  with  water  and  the  residue 
is  purified  by  recrystalb'sation  from  boiling  alcohoL 

Phenyl-benzamide  crystallises  in  shining  scales  insoluble  in  water.  Heated  with  melting 
pot€uht  it  is  resolyed  into  aniline  and  benzoate  of  potassium.  When  heated  with  chloride 
q/'^rnxoy/,  it  gives  off  hydrochloric  acid  and  is  converted  into  phenyl-dibensamide. 

Pkenyl-nitrobeneamide  or  Nitrobemanilide,  (C«H»)rC'H*(NO«)0]HN,  ap- 
pears to  be  formed  by  the  action  of  aniline  on  chloride  of  nitn>ben«>vl  (i.  668).  The 
action  is  attended  with  great  rise  of  temperature  and  evolution  of  hydrochloric  add, 
and  the  product  is  a  solid  body,  which  crystallises  from  alcohol  in  shining  needles. 
(Bertagjiini,  Ann.  Ch.  Phazm.  Irrix.  269.) 

Vbeayt-tfibeBaamide  or  BibeaxanUlde,  C»H»NO'  »  (C^K))'!^'    ^^^^ 

hardt  and  Chiosza,  Compt.  rend,  zccvii  90.)— Prepared  by  heating  phenyl- 
benzamide  with  chloride  of  benzoyl,  removing  the  excess  of  the  latter  with  carbonate 
of  sodium,  and  recrystallising  the  residue  from  boiling  alcohol.  It  forms  slender 
ahinizuf  needles,  sometimes  grouped  in  rounded  grains.  It  is  but  slightly  soluble  in 
cold  ^iohol  of  ordinary  strength. 

Blplieiijl-beiUHUBlde,   C>'Hi*NO     »     ^G^fto!^'      (Hofmann,  Ann.    Ch. 

PharnL  CTxrii.  166.) — ^Produced  by  heating  chloride  of  benzoyl  with  diphenylamine. 
It  is  a  thick  oil  which  solidifies  in  the  crystalline  form  on  cooling.    By  washing  with 
water  and  reerystallisation  from  boiling  alcohol,  in  which  it  is  but  slightly  soluble, 
it  is  obtained  in  fine  crystals. 
When  treated  with  cold  nitrio  acid  of  ordinary  strength,  it  is  converted  into 

C^»         I 
phenyl-nitrophenyl-beniamide,  C^^NO*)  fN,  a  light  yellow,  easQy  crystal- 

CHH)        3  . 
lising  compound,  which  dissolves  with  scarlet  colour  in  alcoholic  soda,  and  is  thereby 
resolved  into  benzoic  acid  and  splendid  yellow-red,  neutral  needles  of  phenyl-nitro- 

C^»  ) 

phenylamine  or  nitrodiphenylamine^    CfB[\NO*)>N. 

H  ) 

If,  on  the  other  hand,  diphenylbenzamide  be  treated  with  the  strongest /iMntfi^  mtrio 
addy  a  solution  is  formed  from  which  water  precipitates  a  deep  yellow  crystalline  mass 

consisting  of  dinitrodiphenyl-benzamide,     rn^sQ  [N,  which  dissolves 

in  alcoholic  potash,  forming  a  solution  of  a  splendid  crimson  colour,  which  on  addition 
of  water  deposits  a  yellow  crystalline  powder,  while  potassic  benzoate  (?)  remains  in 
solution. 
The  yellow  powder,  when  czystaUised  fix)m  alcohol,  yields  reddish-yellow  needles 

with  blue  metallic  reflex,  consisting  of  dinitro-diphenylamine,  ^    ^  |^* 

VlMBjrl-tolyl-beBJUuaaiae    or  VlMiiyl-lMiiayl-lMaMH&ide,  C**H*^0     - 
C«H»   ) 
CW    >N.    (Hofmann,  Ann.  Ch.Pharm.aDmi.  293.)— Produced  by  the  action  of 

CHH)) 

chloride  of  benzoyl  on  phenyl-tolylamine  (p.  454).  The  action  is  brisk,  and  the  pro- 
duct remains  fluid  for  a  long  time,  but  when  treated  with  water,  alkali,  and  alcohol,  it 
ultimately  solidifies,  and  when  dissolved  in  boUing  alcohol,  separates  in  well-developed 
crystals  which  are  more  soluble  than  diphenyl-benzamide. 

Phenyl-tolyl-benzamide  is  more  easily  attacked  by  nitric  add  than  the  diphenyl- 
compound.  On  treating  it  with  ordinary  strong  nitric  acid,  the  crystals  immediately 
become  fluid ;  and  if  the  addition  of  nitric  add  be  continued  till  they  dissolve,  and 
water  be  then  added  to  the  solution,  a  yellow  crystalline  predpitate  is  formed  consisting 

C^*(NO«)) 
of  dinitrophenyl-tolyl-benzamideC^\NO»)>N,  which  crystallises  fromboil- 

CHK)    ) 
ing  alcohol  in  small  yellowish-red  needles.    This  compound  dissolves  with  faint  carmine 
oo&ur  in  alcoholic  soda,  being  thereby  deprived  of  its  benzoyl-atom,  and  converted  into 

CHXNO')) 
dinitrophenyl-tolylamine,  CH«(NO»nN. 

H        } 
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DinitropheDyl-tolyl-beiizamide  treated  vith  reducing  agents  is  oonyerted  into  a  basie 
oomponna  which  crystallises  in  beautiful  white  needles. 

Fuming  nitric  acid  oonyerts  phenyl-tolyl-benzamide  into  a  nitrated  amide  which 
appears  to  contain  6  at  NO'. 


FKBanX-BBirZO'n,  CP"H'*0  »  C^H".C*H*0.— This  body,  the  ketone  of 
benzoic  acid,  has  been  already  described  as  Bbnzonb  or  Benzophbkonb  (L  562).  It 
was  discovered  by  F^ligot,  and  has  been  further  examined  by 'Chancel,  and  re- 
cently byLinnemann  (Ann.  Ch.  Pharm.  cxzziii.  1 ).  It  crystallises,  according  to  H a n - 
del, in  orthorhombic  prisms  exhibiting  the  combination Foo  .  f oo  .  ooP.  ^Pao  .P .  o P. 
Katio  fA  principal  to  secondaiy  axes  a  1  :  0*8496  :  0*6535.  Angles  qdP  :  obF  » 
80°  42'  and  99°  18'.  It  melts  at  48°  to  48*5^  and  boils  at  295°  under  a  pressure  of 
0 '741  mm.  (compare  Chancel's  determinations,  i.  562).  Vapour-density,  obs.  =  6*22 
(Linnemann);  cale.  (2  Tols.)  «*  6*28. 

Benzophenone  heated  with  excess  of  bromine  in  sealed  tubes  to  150^,  is  eonverted, 
with  separation  of  hydrobromic  acid,  into  a  brominated  compound  containing  41*39 
per  cent,  carbon,  2*08  hydrogen  and  52*18  to  52*23  bromine,  probably  therefore 
CP'W'Bi^O*  which  requires  41*10  carbon,  1*97  hydrogen,  52*70  bromine  and  4*21 
oxygen.  It  dissolves  in  boiling  alcohol,  and  separates  on  cooling  as  a  snow-white 
sillcy  mass  composed  of  microscopic  needles.  It  melts  at  125^,  cannot  be  distilled 
without  decomposition,  and  yields  with  sodium-amalgam  an  oil  f^  from  bromine. 
(Linnemann.) 

Benzophenone  treated  in  aleoholic  solution  with  ndpkurie  acid  and  ginc,  is  converted 
by  the  nascent  hydrogen  into  benzopinacone,  a  substance  related  to  benzophenone 
in  the  same  manner  as  pinacone,  0^**0*,  to  acetone: 

2C»«H»»0     +     H*      -      C"H«0«. 
Beuxopbenone.  B«nsoplnaoone. 

The  bensopinaeone  is  veiiy  slightly  soluble  in  alcohol  and  is  deposited  on  the  zinc  in 

the  form  of  a  white  crust  (see  Pinjlconb.) 

When,  on  the  other  hand,  benzophenone  dissolved  in  alcohol  is  treated  with  sodium' 

amalgaTn^A  different  reaction  takes  place,  resulting  in  the  formation  of  benzhydroL 

C"H") 
CH^'O   a      n     C  ^*  ^  monatomic  alcohol  capable  of  exchanging  its  typic  hydrogen 

for  alcohol-  and  acid-radicles : 

C"H»»0  +  H*    -     CWH»«0. 

Bensbjrdrol.  This  body  is  sparingly  soluble  in  water,  1  part  of  it  requiring  for 
solution  2000  pts.  of  water  at  20° ;  but  in  alcohol^  ether,  chloroform^  bensene  or  sulpkide 
of  carbon,  it  dissolves  with  facility,  and  crystallises  therefrom  in  groups  of  slender  silky 
needles.  It  dissolves  in  alkaline  liquids  more  easily  than  in  pure  water;  a  concentrated 
solution  of  caustic  potash  saturated  with  benzhydrol,  deposits  the  compound  in  the 
crystalline  form  on  addition  of  water  or  neutralisation  with  an  acid.  Benzhydrol 
melts  between  167*5°  and  168°,  and  boils  between  297°  and  298°  under  a  pressure 
of  748  mm. 

Benzhydrol  heated  with  dilute  aqueous  chromic  acid,  is  reconverted  into  benzophenone. 
Fuming  nitric  acid  converts  it  into  dinitrobenzophenone,  C"H"(NO»)«0,  which 
crystallises  firom  boiling  alcohol  in  needles  having  a  faint  chamois-colour  and  melting  at 
129°.  With  bromine  it  yields  dibromobenzhydrol,  C>*H**Br>0,  which  crystalliseB 
from  alcohol  in  a  light  mass  of  white  microscopic  needles  becoming  soft  at  about  158° 
and  melting  at  163°. 

Benzhy(&>l  is  resolved,  partially  by  distillation  or  by  heating  to  300°  in  sealed  tubes, 
and  completely  by  prolonged .  boiling  under  the  ordinary  pressure,  into  water  and 
benzhydrohc  ether,  0*«H«0  -  2C"H»*0  -  H*0.»  The  same  dehydration, 
resulting  in  the  formation  of  benzhydrolic  ether,  is  effected  by  the  action  of  chloride  or 
iodide  of  phosphorus. 

Benzhydrolic  ether  separates  from  solution  in  boiUng  alcohol  in  plumose  tufts  of 
microscopic  crystals ;  it  dissolves  easily  in  benaene  and  separates  therefrom  by  spon- 
taneous evaporation  in  very  small  but  distinct  crystals ;  and  by  immersing  one  of  these 
in  the  solution  during  evaporation,  larger  crystals  may  be  obtained  which  exhibit  the 
form  of  monodinio  prisms^  +  P  .  —  P  .  —  P^  .  ( ooPoo  )  .  ooPoo .  Batio  of  dino- 
diagonal,  orthodiaffonal  and  principal  axes  —  0*6820  :  1  :  0*523.  Angle  of  inclined 
axes  ■■  81°  25'.  It  melts  at  111°,  remaining  liquid  for  a  long  time  after  cooling ; 
begins  to  volatilise  above  300°  and  boils  at  316°  under  a  pressure  of  745  mm      It_ 

•  Thh  is  the  first  known  inBtance  of  the  ooDTerslon  of  a  monatomic  alcohol  into  the  corretponding 
anfajdride  or  ether  bj  the  action  of  heat  alone. 
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diflsolves  in  fiming  nitrio  aeid,  and  is  decomposed  thereby  on  heating,  yielding  a 
nitiogenoiu  produet ;  also  in  strong  sulphuric  acta. 

Senskydrolic  EtkylaU,  ^^i   [  O,  is  produced  by  mixing  a  solntion  of  benshydrol 

in  absolute  alcohol  with  ^th  of  its  Tolnme  of  strong  salphnrie  add,  avoiding  rise  of 
temperature,  and  leaying  the  liquid  to  itself  for  several  days.  On  then  adding  water, 
the  ether  separates  as  an  oil,  which  may  be  purified  by  washing  with  dilute  potash  and 
with  water,  and  subsequent  rectification.  It  is  an  inodorous  syrupy  liquid,  of  specific 
gravity  1*029  at  20^,  and  boiling  at  183^  under  a  prevuiv  of  736  mm.  It  is  strongly 
refractive,  and  when  newly  prepared  quite  colourless ;  but  by  exposure  to  difiused  day- 
light for  some  time,  or  to  direct  sunshine  for  a  few  seconds,  it  becomes  coloured, 
appearing  of  a  fine  green  colour  by  reflected  and  faintly  yellow  by  transmitted  light. 
The  colour  is  destroyed  by  leaving  the  liquid  fbr  some  time  in  the  dark,  or  by  gentle 
heating,  or  by  agitation,  but  may  be  restored  by  exposure  to  light.  After  keeping  for 
a  few  months,  however,  the  colour  disappears  altogether,  and  is  no  longer  restored  even 
by  exposure  to  bright  sunshine.  In  either  state,  the  liquid  exhibits  strong  fluorescence 
when  abeam  of  light  is  transmitted  through  it  in  a  dark  r<$om,  the  emergent  light 
being  of  a  bright  light  blue  colour.  Benzhydrolic  ethylate  dissolves  in  twenty  times 
its  volume  ot  alcohol  of  80  per  cent,  and  in  all  proportions  of  ether  and  benzene.  It  is 
not  altered  by  distillation  with  concentrated  hydriodic  acid.  When  fhsed  with  potash 
it  gives  ofT  a  gas  burning  with  a  smokj  flame,  and  is  converted  into  an  add  which 
is  predpitated  on  neutnmsing  the  alkali  with  hydrochloric  acid,  but  redissolves  with 
ISunlity  in  caustic  potash  or  carbonate  ofpotassium. 

Benzhydrolic  ADetate,C^B}*0*  «  ^^  1 0.— Produced  by  boiling  benzhydrol  for 

several  hours  with  gludal  acetic  acid.  It  is  precijpitated  by  water  and  purified  like 
the  preceding  compound.  It  is  an  inodorous  viscid  liquid  of  spedfic  gravity  1*49  at 
20^,  colourless  when  fint  prepazed,  bnt  affected  by  light  exactly  in  the  same  manner 
as  the  ethyl-eompound.      It  remains  liquid  at  150^,  boils  at  301 — 302^  under  a 

Sressure  of  731  mm. ;  dissolves  easily  in  alcohol,  ether,  and  benzene.     Alcoholic  potash 
eoomposes  it,  even  at  ordinary  temperatures,  into  acetic  add  and  benchydroL.^  ' 

Benzhydrolic  Benzoate,  nnH"  [^* — ^Piodnced  by  fusing  8  pts.  benzhydrol  with 

2  pts.  benzoic  acid,  continuing  the  heat  tiH  the  mass  begins  to  boil  quietly,  dissolving 
the  cooled  product  in  ether,  agitating  with  potash,  and  evaporating.  The  residue  is 
then  pulverised,  washed  with  ^oohol,  dissolved  in  ether,  and  the  solntion  is  mixed 
with  an  equal  volume  of  alcohol  and  left  to  evaporate.  This  compound  is  not  produced 
by  treating  benzhydrol  with  chloride  of  benzoyl,  which  indeed  acts  just  like  chloride 
of  phosphorus,  producing  nothing  but  benzhydrolic  oxide. 

Benzhydrolic  benzoate  forms  trimetric  crystals  in  which  the  prindpal  is  to  the 
secondaiy  axes  as  1 :  0*4770  :  0*6682.  They  are  usually  four-sidea  prisms,  oeP,  with 
ancles  of  61^  and  129^,  and  terminated  by  a  brachydome  f^oo  with  angles  of  67° 
So  and  112^30'.  It  melts  between  87*5^  and  89°;  dissolves  easily  in  ^^Aer  and 
benzene,  sparingly  in  cold,  more  easily  in  hot  alcohol.  It  is  decomposed  by  distillation, 
leaving  a  carbonaceous  residue  and  yielding  a  distillate  containing  benzoic  add,  ben- 
zdc  anhydride,  an  oily  body  slightly  soluble  in  cold  alcohol,  and  a  small  quantity  of 
a  hydrocarbon,  C'*H'^.  By  evaporation  with  alcoholic  potash-^iUion,  it  is  completely 
resolved  into  benzoic  add  and  benzhydrol. 

Benzhydrolic  SuccinaU,   C«»H"CH   -  (^]^'J'|o'.— Produced,  similarly  to  the 

preceding,  by  fusing  an  intimate  mixture  of  30  pts.  benzhydrol  and  9  pts.  sucdnio 
add.  It  separates  f^m  boiling  alcohol  as  a  very  Ught  mass  of  small  shining  scales ; 
melts  at  141°— 142°,  and  solidifies  on  cooKng  to  a  transparent  amorphous  mass, 
immediately  becoming  crystalline  when  gently  heated.  It  i^  insoluble  in  taater, 
sparingly  soluble  in  cold  alcohol,  ether,  and  benzene^  more  easily  when  heated.  It  bums 
with  a  smoky  flame,  leaving  no  residve.  By  alcoholic  potash  at  the  boiling  heat,  it  is 
completely  resolved  into  succinic  acid  and  benzhydrol  Bj  disttilation  it  is  partly 
resolved  into  succinic  add  and  a  hydiocarlxm  0*B}\  which  may  be  called  benz- 
hydrolene: 

C~H*0*     -     Cm*0*  +  2C5WH". 

Another  kind  of  decomposition  appears,  however,  to  take  place  at  the  same  time,  for 
the  quantity  of  benzhyorolene  obtained  is  but  sinally  and  it  is  accompanied  by  a  con- 
siderable quantity  of  an  oily  product. 

To  prepare  benzhydrolene,  benzhydrolic  sucdnate,  or  a  mixture  of  sucdnic  add 
and  benzhydrol  is  repeatedly  distilled ;  the  semisolid  distillate  is  freed  from  liquid 
products  by  cold  ^cohol,    from  sucdnic  add  by  potash,   and  from  undecomposed 


4«0     PHEN  YL-BENZ  Y  LAM  INE—PHENYLENE-DI  AMINE. 

benshydiolic  Buccinate  by  treatment  with  alcoholic  potash,  and  the  residual  product  is 
crystallised  from  boiling  benzene.  It  is  also  produced,  as  already  observed,  by  the 
diT^  distillation  of  benzhydrolie  benzoate. 

Benzhydrolene  melts  at  209^ — 210°.  It  is  nearly  insoluble  in  cold  alcohol,  and  only 
slightly  soluble  in  boiling  alcohol,  from  which  it  is  deposited  in  small  needles  on 
coolinff.  It  dissolTes  sparingly  also  in  ether,  but  easily  in  hot  bensene,  whence  it 
crystaSi^es  for  the  most  part  on  cooling.  It  does  not  combine  with  picric  add. 
(Linnemann.) 

PHMUl A-aMM]H  liilirmi  8yn.  with  FHBinrL-Toi.TiJL]ixin,  or  Toltl- 
AniLniB  (p.  454). 

VBBVT&-BawXT^BVAann»  or  rather  Diwijui  iL-DiapfCTuna-DiAinna  or 
DiPHBinn/-DrroLTLaini-DiA]fnia,  (C^*y(Cn3fiyS*  (see  page  458). 

See  PKBni/-iicB8ATn!i8  (p.  485). 
OH'O) 
C"ff«NO  -  C*H»    p.  (Gerhard1;,Ann.Ch. 

Phys.  [3]  xzxyii.  829.) — ^Produced  by  the  action  of  aniline  on  butyric  anhydride  or 
chloride  of  butyryL  It  is  insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether, 
and  crystalb'ses  from  weak  boiling  spurit  in  beautiful  nacreous  laminaB.  It  melts  at 
90^,  and  distils  without  alteration.  It  is  scarcely  attacked  by  boiling  potash-ley,  but 
gives  off  aniline  when  fused  with  hydrate  of  potassiuuL 

PHaiillfc«CABBAaiTO  ACZB.    See  Gabbaioo  Acm  (i..751). 

or  CetylaniUne.    (See  IhaoxYLAMnna,  p.  460.) 
See  PmnmncBBATDra  (p.  486). 
a.    See  PmorTLijfnfss  (p.  442). 
See  CocNAXiDB  (i.  989). 

See  CmuooNio  Aon>,  Axmis  ov  (i.  993). 
(•    See  CiTBic  AdD,  Axmu  ov  (i.  1000). 

See  PHIMTLAKQfBS  (p.  464). 

G^*. — ^A  liquid  having  this  composition  and  boiling  ai  91^  was 
found  by  Church  (p.  416)  among  the  products  of  the  distillation  of  phenylie  chloride 
with  sodium-amalgam. 

C«H"N«  -    (^I^^Jn*.  (Hofmann,PhKS.Roy. 


Soc.  xi  618 ;  xii  639.) — ^Tlus  base  is  obtained  by  the  action  of  reducing  agents  on 
nitraniline : 

0«H»(NO«)N  +  H*     -    C«H«N«  +  2H»0, 

and  exhibits  the  isomeric  modifications  a  and  0,  according  as  it  is  produced  frt>m  a-  or 
^-nitraniline. 

Alpha-phenylene-diamine  is  easily  prepared  by  the  action  of  ferrous  aoet«te  on  a- 
nitraniline,  or  by  the  prolonged  action  of  the  same  reagent  on  dinitrobensene,  that 
compound  being  converted,  first  into  nitraniline^  and  then,  by  a  continuation  of  the 
same  action,  into  phenylene-diamine : 

C«H*NO«>  C»H^NO«(  C*H*NH«) 

NO*  J  NH«{  NH«{ 

Dinitrobensene.  Nitraniline.  PhenjIene-dUmlne. 

The  substance  called  semibenzidam,  which  Zinin  (J.  pr.  Chem.  zxxiii.  44) 
obtained  by  the  prolonged  action  of  sulphide  of  ammonium  on  dinitrobensene,  some- 
times in  brown  fiaikes,  sometimes  as  a  yellow  resin,  exhibiting  the  composition  C'H'N', 
was  propably  impure  a-phenylene-diamine. 

Beta-phenylene-diamine,  tke  product  of  the  reduction  of  /3-nitraniline  (obtained  from 
nitrophenyl-acetamide,  &c.,  p.  418),  may  also  be  prepared  by  two  other  processes,  via., 

a.  By  the  action  of  ferrous  acetate  on  dmitrsniline : 

C«H»(NO«)«N  +  7H*     -     C«H«N«  +  NH»  +   4H«0 

b.  By  the  action  of  zinc  and  sulphuric  acid,  or  other  powerfU  reducing  agents,  on  dini- 
trazobenzene  (L  478),  or  diphenine,  C^E'N'  (iL  836]^  which  is  the  firrt  product  of  the 
same  kind  of  action  on  dinitrazobenzene: 

C»*H*N*lNO*)«  +  6H«     -     4H*0   +   2C«H-N». 
DinitruobenzeDe.  Diphenine. 
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OH-N*    +     H*    -    C»H«N». 

DiphcBiM.  Pbcnyl'tM* 

diamioe. 

Properties, — ^Alphft-phenylene-diamuie  when  fnabHj  diftiUed  is  a  slightly  coloured 
heavy  oil  which,  like  aniline,  has  a  tendency  to  aasume  a  brown  colour  on  exposure 
to  the  air.  It  often  remains  liquid  for  days,  and  then  ffradually  solidifies  to  a  mass  of 
crystals  which  become  hard  and  white  by  washing  with  ether.  It  melts  at  63"^,  boils 
at  near  287^,  and  distils  without  decomposition.  It  is  Tezy  soluble  in  100^  and  in 
mleoholt  foraung  solutions  which  have  a  distinctly  alkaline  reaction;  much  less  soluble 
in  ether. 

Beta-phenylen»-diamine  crystallises  much  more  readily  than  the  o-base.  It  melts 
at  140^,  boils  at  267°,  and  sublimes  even  below  its  boiling  point,  in  splendid  crystalline 
plates  resembling  pyiogallic  acid. 

A  solution  of  /9-j^enylene-diamine  in  sulphuric  acid  mixed  with  peroxide  of  man- 
ganese  yields  qui  none,  which  distils  oTer  on  heating  the  mixture  and  crystallises  in 
the  receiver : 

CBT^  +  2H«80*  +  Mn'O*    -    C^*0«  +  mTBO*  +  (NH*)«SO*. 

«ne-dlani1ae. 

Alpha-phenylene-diamine  when  similarly  treated  evolyes  a  fiiint  odour  of  qninone, 
but  does  not  yield  crystals. 

Both  modi&cations  of  phenylene-diamine  are  di-acid  and  form  salts  which  czystallise 
easily  and  well  The  /l-salts  are  more  soluble  than  the  o-salts.  /S-phenylene- 
diamine  and  its  salts  are  remarkable  for  the  fiicility  with  which  they  are  converted 
into  violet  and  bhie  compounds  under  the  influenoe  of  oxidising  agents,  such  as 
chlorine,  bromine,  chromic  add,  ferric  and  platinic  chloride,  &&'  The  salts  of  both 
modifications  are  easily  decomposed  by  the  fixed  caustic  alkalis,  the  fi  base  crystallising 
immediately,  whereas  the  a  oase  separates  in  oily  globules  which  only  gradnally 
solidify.  The  base  is  also  separated  ftom  its  salts  by  ammonia,  but  redissolves  in 
excess,  forming  a  solution  which  gradually  turns  brown  and  decomposes.  This  niMy 
perhaps  explain  why  the  diamine  cannot  be  conveniently  obtained  firom  dinitrobeni&ene 
by  reduction  with  sulphide  of  ammonium. 

Hydrochlorate  of  a-phenykne-diamine,  C^"N*.2HC1  or  rCWH«fHWCP,  is  very 
soluble  in  water,  but  crystallises  easily  from  concentrated  nydrochlorio  acid.  The 
fi-kydrochlorate  is  also  extremely  soluble  in  water,  sparingly  in  hydrochloric  acid,  and 
crystallises  in  hurge  prisms.  The  cHshloroplaHnaU,  G*H*«N*CI'.Pt^*Gl«,  crvstallises  in 
splendid  needles.  The  fi-eait  of  the  same  composition  forms  light  yellow  plates 
extremely  soluble  in  watgrand  eanly  decomposed  by  heaL 

The  fi-hydrobramate,  G'H*N'.2HBr,  resembles  the  hydrochlonte  in  erery  respect. 
The  orhydrobroTnate  and  •-hydriodate  separate  immediately  in  ervstalline  masses  on 
bringing  the  base  in  contact  with  the  respective  acids ;  thev  crystalUse  splendidly  from 
water  and  more  especially  from  alcohol  The  nitrate,  oxaLue,  and  eulpnate  also  crys- 
tallise weU. 

Both  a-  and  /9-phenylene-diamine  are  readily  attadced  by  the  alcoholic  iodides.  By 
alternate  treatment  with  iodide  of  methyl  and  oxide  of  silver  Tor  distillation  with  soda) 
twice  repeated,  and  one  more  treatment  with  iodide  of  methyX  daeh  base  yields  a  well 


dystallised  iodida  containing  C)«H*^*I*   -   (|^^nN*.20H^  or  iodide  of  hex- 

methyl-phenylene-diammonium    f /0H*y[^J*^*'    ^'y^*^^^'*^"8  ^    plates 

extremely  soluble  in  water,  less  soluble  in  alcohoL    It  exhibits  the  same  properties 
whether  prepared  from  a^  or  from  3-phenylene-diamine,  excepting  that  the  0  compound 
is  the  more  soluble  of  the  twa 
Intermediate  compounds  may  of  course  be  obtained  by  stopping  the  action  at  an 

earlier  stage.      3-4etnunethyl-phenylene-diamine,  /^^^In*,  treated  with  methylie 

iodide  yields^  before  being  converted  into  the  hexmethylated  compound  above  men- 
tioned, a  rather  difficultly  soluble  pentamethylated  iodide  containing  C"H"N*I  -> 

(CE*)*  1^-^^^^;  *^  ^^  ^^^  treated  with  hydiiodic  add,  is  converted  into  the 
di-iodide     of    pentamethyl-phenylene-diammonium,      C"H**N'I*      » 

I>erwatiifes  qf  PhenyieiU'diamme, 
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(Gottlieb).  NttrarophenylamtTU  (Gerhardt). — ^This  compound,  discoTered  by 
Gottlieb  (Ann.  Ch.  Pharm.  Izzzy.  27),  is  produced  by  the  action  of  sulphide  of  am- 
monium on  dinitraniline : 

Cm\'SO*yS  +  3H»S     -    C^'N'O*  +    2H«0  +  8«. 

When  dinitraniline  is  boiled  for  about  two  hours  with  a  large  excess  of  solution  of 
sulphide  of  ammonium,  the  liquid  acquires  a  dark  red  colour,  and  the  crystals  of  dini> 
tramline  disappear,  being  succeeded  by  a  network  of  delicate  shining  dark  red  needles^ 
which  ^praduallV  increase  in  quantity,  and  are  likewise  abundantly  deposited  after  the 
action  is  completed  and  the  Uquid  has  cooled.  The  compound  is  obtained  pure  by 
precipitating  it  ttom  the  hydrochlorate  or  oxalate  purified  nr  several  crystallisations, 
and  then  reczystallising  it  two  or  three  times  from  hot  alcohol 

Nitrophenylene-diamine  czystallises  in  groups  of  long  slender  needles  haying  a  slight 
red  colour  when  dry,  and  exhibiting  a  golden  iridescence  on  their  broader  faces. 
When  separated  by  ammonia  from  a  saturated  solution  of  one  of  its  salts,  it  takes 
the  form  of  a  dull  brick-red  powder;  but  dilute  solutions  deposit  it  in  small,  reddish- 
yellow,  shining  plates.  It  melts  at  a  high  temperature  ana  volatilises  in  ^reat  part 
without  decomposition,  forming  a  woolly  sublimate.  When  suddenly  heated,  it  explodes 
slightly,  leaving  a  residue  of  charcoal.  It  dissolves  readily  in  water,  alcohol  and 
ether,  forming  deep  red  solutions. — NUrous  ocMi  converts  it  into  asonitropheny- 
lenic  acid  (p.  484). 

It  combines  with  acids,  forming  mono-acid  salts  which  are  decomposed  by  water  and 
by  alcohol,  with  separation  of  the  base :  hence  in  preparing  them,  it  is  necessary  to 
let  them  crystallise  in  presence  of  an  excess  of  acid. 

8uljf>hate  of  Nitro^henylene'diamine,  (OHTT»0«)«H^S0*,  is  obtained  by  dissolving 
the  base  in  warm  dilute  sulphuric  aci4  snd  separates  on  cooling  in  yellowish  scales^ 
having  a  fatty  lustre  and  containing  8*20  per  cent  sulphur. 

A  mixture  of  the  solution  of  this  salt  with  sulphate  of  alumina,  does  not  yield  any 
double  salt  when  left  to  evaporate. 

Th«  HydrochlaraU,  C'H'N'O^.HCLH'O,  may  be  prepared  by  boiling  the  crude  base 
wltli  dilute  hydrochloric  acid,  which  dissolves  it^  leaving  only  a  residue  of  sulphur  and 
a  secondary  product  of  a  dull  green  crystalline  aspect,  part  of  which  also  passes  into 
the  solution.  To  f^  the  salt  completely  from  tlus  impurity,  it  must  be  repeatedly 
dissolved  in  boiling  dilute  hydrochloric  acid  and  recxystallised.  From  a  concentrated 
acid  solution,  it  separates  in  yellowish-brown  needles ;  from  a  dilute  solution  by  spon- 
taneous evaporation,  in  oblique  prisms  often  four  or  five  millimetres  in  length  and 
united  in  groups.  These  crystals  exhibit  a  light  brownish-green  colour  by  transmitted 
light,  and  a  peculiar  blue  iridescence  on  some  of  their  faces  by  reflected  light.  The 
acid  solution  has  a  greenish-brown  colour.  The  crystals  contain  1  at  water  which 
they  giye  off  at  100°,  or  in  vacuo  or  over  oil  of  vitnol  at  ordinary  temperatures.  At 
100^,  however,  partial  decomposition  takes  place  and  hydrochloric  acid  is  given  off 

Chloroplatinate,  2(CTa'N»0«.Ha)PtCl*.— A  dilute  solution  of  the  hydrochlorate 
mixed  with  tetrachloride  of  platinum,  does  not  yield  a  double-salt,  the  platinum  being 
reduced  to  the  metallic  state  (Gottlieb);  but  on  adding  t£e  chloride  of  platinum  to 
a  concentrated  solution  of  the  hydrochlorate,  the  chloroplatinate  is  obtained  in  splendid 
long  brown-red  prisms.    (Hofmann,  I^roc.  Boy.  Soc  x.  499.) 

Cuanoplatinate,  2(C^'N»0«.HCy).Pt(y.|H«0.— Obtained  by  adding  the  crystal- 
lised hydrochlorate  of  nitzophenylene-diamine  to  a  boiling  aqueous  solution  of 
platinocyanide  of  magnesium.  The  solution  separated  by  filtration  from  a  small 
quantity  of  dariL  insoluble  matter,  gradually  deposits  a  mixture  of  the  cyanoplatinate 
and  the  free  base,  which  latter  may  be  removed  by  digestion  with  a  small  quantity  of 
dilute  hydrochloric  acid.  It  foims  large  laminae,  having  a  light  brownish-yellow  colour 
and  strong  lustre,  and  giving  of  their  water  at  112°.  ^ey  cannot  be  rectystallised 
from  water  without  partial  decomposition. 

Nitrate,  (>H*N*0*.NHO".— Warm  dilute  nitric  acid  readily  dissolves  nitrophenylene- 
diamine,  but  the  solution  soon  acquires  a  dark  colour  and  deposits  flakes,  indicating 
partial  ^  decomposition.  The  pure  salt  may  however  be  obtained  by  moistening  the 
base  with  water,  and  pouring  dilute  nitric  acid  ujpon  it  by  small  portions :  it  is  then 
immediately  convertea  into  a  thick  magma  of  micaceous  scales,  which  may  be  frt^ 
from  the  mother-liquor  by  pressure  between  paper.  The  salt  tlius  prepared  is  anhy- 
drous, and  may  be  kept  for  months  over  oil  of  vitriol  without  losing  its  lustre. 

Oxalate,  2C«H'N*0lC*H'0*.— Obtained  l^  dissolving  the  base  in  aqueous  oxalio 
acid.  From  concentrated  solutions  it  separates  in  yellow  needles ;  from  more  dilute 
solutions,  in  brownish-yeUow  prisms,  exhibiting  a  bluish  irideeoence  on  certain  faces. 
It  is  anhydrous,  and  dissolves  but  sparingly  in  cold  water. 

The  sulphate,  2C*H'N*0*.H'S0\  is  obtained  by  dissolving  the  base  in  warm  dilute 
snlphnrie  add,  and  separates  on  cooling  m  yellowish  scales  having  a  fatty  lustrSb 
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(cro«r    ) 

SmoFBSVYLBXK'OXAMTDB,  C"H*N»0*  -  [C^NO^]"  VN«.    OxaUuiophenylamide 

(Gottlieb).  Nitraropkenyl-oxamide  (Gerhardt). — ^When  nitrophanylene-diiimine 
is  dissolved  in  excess  of  oxalic  acid,  and  the  liquid  is  eyaporated  over  the  water-bath,  a 
brownish-green  residue  is  obtained,  consisting  partly  of  nitropbenylene-oxidiamic  acid, 
and  partly  of  nitrophenylene-oxamide : 

Acid  oxalate  of  Nitro-  NiCrqphraylene-oxl* 

phenyi«i«-dlamine.  dlamlc-acld. 


and:  OH^NW  -     H»0       -      C«H»N«0* 

trophe 
oxam 


Nitrophenylene- 

ur«. 


If  kept  for  some  time  at  100^  it  is  almost  wholly  converted  into  the  latter  compound, 
without  change  of  aspect.    (Gottlieb,  Ann.  Ch.  Phaim.  Ixxxv.  38.) 

H«rC^»(NO«)]-)^ 
NrrBOpmunruora-oxiDiAHio  ActD,    C*H7N*0*    -        (CH)*)*  >q,     OxaUuro- 

pkenylande  acid  (Gottlieb).  lUitrazopkenyl-oxamie  acid  (Gerhardt).— The  am- 
monium-salt of  tiiis  acid  is  obtained  by  treating  the  brownish-green  residue  above- 
mentioned  with  aqueous  ammonia.  It  is  sparingly  soluble,  and  crystallises  ftom  a^iiot 
aqueous  solution  in  yellow  needles.  The  bariumsaU,  CHi^Ba^H)'*  3H*0,  is  ob- 
tained as  a  light  orange-coloured,  sparingly  soluble,  crystalline  precipitate  on  mixing 
the  ammonium-salt  wiw  chloride  of  barium.  It  retains  3  at  water  at  100°,  and  be- 
comes anhydrous  at  160^.  By  decomposing  thia  salt  with  hydrochloric  acid,  the  f^ 
iicid  ia  precipitated  in  small  light-yellow  granular  crystals.    (Gottlieb^  loe,  eii.) 

JLm&fMmay^rnnm^lmmfnm^    CH*N'      -  N*'     >N*,    or   PiasobetufoUmide, 

H      ) 

(C*H«N*)">^     (Griess,  PhiL  Trans.  1864,  [3]  682.>-Thifl  compound  is  produced  by 

the  action  of  aqueous  ammonia  on  perbromide  of  acophenylammonium : 

C^»N«Br»     +     4NH»      -       C^»N»     +     3NH*Br. 

The  action  is  attended  witli  considerable  evolution  of  heat,  bromide  of  ammonium  passing 
into  solution,  and  azophenylene-diamine  separating  as  a  heavy  brown  oil,  which  may  be 
nearly  decolorised  by  repeated  distillation  with  water,  then  dried  over  chloride  of 
calcium,  and  finally  redistilled  under  diminished  pressure. 

Azophenylene-diamine  is  remarkable  for  its  narcotic  aromatic-ammoniacal  odour. 
It  volatilises  by  distillation  with  water,  or  when  heated  in  a  vacuum,  but  on  attempt- 
ing to  distil  it  under  the  ordinary  atmospheric  pressure  it  decomposes  with  erolosive 
violence.  It  is  not  solidified  by  a  frigorific  mixture  of  nitre  and  sal-ammoniac  Alcohol 
and  ether  dissolve  it  with  some  difficulty.  Hydrochloric  add  even  when  concentrated, 
and  aqueous  potash  have  no  action  upon  it.  Strong  nitric  and  sulphuric  acids  dissolve 
it  without  decom]poeition.  Kasoent  nydrogen,  generated  by  sine  iad  sulphuric  acid  in 
an  alcoholic  solution  of  the  diamine^  nduces  it  to  aniline  and  ammonia : 

CnamS*     +     H*      -       CETN     +     2NH». 

(C«H»Br)* 
As0liroai«9lMajteBe-ataiiilae»  CH^BrlT"   •-        HT        IT,  or  lHaeobrom4h' 

H 

befiMolimide,  (C*HM?»)r'|  jj     (Griess,  Phil.  Trans.  1864  [3]  700.)— Perbromide  of 

aaobromo-phenylammonium  (p.  437)  is  converted  by  aqueous  ammonia  into  a  yellowish 
oil  which  by  a  single  distillation  with  water  yields  pure  azobromophenylenediamine. 
This  compound  senerally  forms  a  white  or  slightly  yellowish  mass  of  small  ciystalline 
plates  which  melt  «t  20^  to  a  heavy  oiL  It  is  insoluble  in  water,  rather  sparingly 
soluble  in  alcohol,  easily  soluble  in  ether  and  benzene.  It  distils  readily  in  presence 
of  water,  but  explodes  feebly  when  distilled  alone.  When  exposed  to  the  air  it  appears 
te  volatilise  gradually,  emitting  the  same  aroihatic  ammoniacal  odour  as  azophenylene- 
diamine.  It  resembles  the  latter  moreover  in  its  behaviour  with  various  reagents : 
caustic  potash,  hydrochloric  acid  and  bromine  have  no  action  upon  it;  strong  sulphuric 
and  nitric  acids  decompose  it  readily. 

Nsaoent  hydrogen  generated  b^  zinc  and  sulphuric  acid  in  an  alcoholic  solution  of  the 
diamine,  oonverta  it  into  bromaniline  and  ammonia : 

C«H^rN«     +     H«       -       C*H«BrN     +     2NH». 

ii2 
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By  acting  npon  perbromide  of  asobromophenylammonittm  with  ethylamine,  aniline, 
&C.,  coiresponding  aubetitution  products  of  asobromophenjlene-diamine  are  obtained. 

Ethyl-ago-broTnophenylene-diamine,        y*"      yS\  forma  a  jellowisb  oil  which  does 

(?H»    ) 
not  aolidifsr  eyen  when  ooded  mneh  below  0^. 

(C^'Br)"! 
The  ooTnBjMJkdlogphenyl-c<nnpaund,       N"      >N*,  forms  orange-yellow  ciystals. 

OH*    ) 
(C«H«Br»)") 
ABo411iMwaop]ieflijleB«-«lMBlBe,         N'*       vN*,  is  produced  by  the  action  of 

H        I 
aqneons  ammonia  on  perbromide  of  aEodibromo-phenylammoninm,  and  after  repeated 
crystallisation  from  alcohol,  forms  white  needles  which  melt  at  62^,  and  detonate  slightly 
at  a  higher  temperature.    It  is  yezy  little  soluble  in  water,  more  soluble  in  hot  alcohol, 
eaaily  in  ether.    (G-riess.) 

(C«H«C1)") 
AmodhlogopHeBjIwia  fltamln#»        N**      VN*,  forms  easily  fbsible  crystals. 

H       j 

(c«H>in 

JLao-lodo-plMiijrleiie-dlftiiiliiOi       IT"      vN*,  forms  ]  dUowish-white  crystals 


which  are  easily  ftisible,  and  pass  over  on  distillation  with  water  as  a  yellowish  oil 
which  soon  solidifies.  It  has  an  aromatic  ammoniacal  odour  like  that  of  the  analogous 
compounds  preyiously  described. 

[C^^NO*)]") 

AB»»Bitro-plienylena-4llaintmi,  (>H«NH)*  «  N*^      >N*.    Liazonitro- 

H  i 
benzoUmide,  (Gri  ess,  PhiL  Trans.  1864,  [3]  708,  710.}— This  compound,  like  nitrani- 
line  and  all  its  other  deriyatiyes,  exists  in  two  isomeric  modifications,  which  are  obtained 
by  the  action  of  aqueous  ammonia  on  the  perbromides  of  a-  and  /3-azonitrophenyIam- 
moniun.  The  o-compound  crystallises  in  orange-coloured  needles  which  melt  at  52°. 
It  is  somewhat  soluble  in  hot  water,  from  which  it  exystalliBes  on  cooling  in  whitish 
needles.    It  has  somewhat  of  the  odour  of  nitrobensene. 

The  /9-compound  is  obtained  by  repeated  crystallisation  from  hot  alcohol  in  yery  bril- 
liant yeUow,  rounded  plates,  which  are  so  soluble  in  hot  alcohol  that  a  saturated  solu- 
tion deposits  a  magma  of  crystals  on  cooling ;  they  also  dissolye  as  readily  in  ether. 
In  boiling  water  they  melt,  forming  a  yellow  oil  but  slightly  soluble  in  water,  the  dis- 
solyed  portion  yielding  yeiy  fine,  almost  white  aystals  on  cooling.  The  crystals 
obtained  by  recrystaUisation  from  alcohol  melt  at  71°,  a  temperature  much  higher 
therefore  than  the  melting  point  of  the  o-oompound.  The  iS-compound  explodes  when 
heated  a  little  aboye  its  mating  point. 

AaonltropHeiiTleiilo  aoid.  (Hofmann,  Proe.  Boy.  Soc  x.  496.)— This  acid, 
isomeric  or  metameric  with  aconitrophenylene-diamine,  is  produced  by  the  action  of 
nitrous  add  on  nitrophenylene- diamine,  the  change  consisting,  as  in  other  cases  of 
nitrous  substitution,  in  the  replacement  of  3  at.  hydrogen  by  1  at.  nitrogen : 

C'H'NK)*  +   NHO«     -     2BP0  +  C\H*N''")N»0«. 

On  passing  a  current  of  nitrous  acid  gas  into  a  moderately  concentrated  solution  of  nitrate 
ofnitrasophenylene-diamine,  the  liquid  becomes  slightly  warm,  and  on  cooling  deposits  a 
considerable  quantity  of  brilliant  white  needles,  which  are  sparingly  soluble  in  cold, 
easily  in  boiling  water,  and  may  be  purified  by  two  or  three  recrystallisations. 

The  acid  thus  purified  forms  long  prismatic  crystals,  often  interlaced,  white  as  lone 
as  they  are  immersed  in  the  liquid,  but  assuming  a  slightly  yellowish  tint  when  drie^ 
especially  at  100^ ;  they  dissolye  readily  in  alcohol  and  in  ether.  It  melts  at  211°  and 
sublimes  in  prismatic  crystals  with  partial  decomposition  at  a  somewhat  higher  tem- 
perature. It  is  remarkably  stable  and  may  be  boiled  either  with  potash  or  with  hydro- 
chloric acid  without  undergoing  any  change;  neither  is  it  decomposed  by  passing 
nitrous  acid  sas  into  the  aqueous  or  alcoholic  solution. 

The  crystals  haye  a  distinct  acid  reaction,  and  dissolye  at  a  gentle  heat  in  potash  or 
ammonia,  without  howeyer  neutralising  these  liquids.  The  acid  also  dissolyes  in  alka- 
line carbonates,  but  without  expelling  the  carbonic  acid.  The  potasnum^Boit  contains 
C«H»KN*0«,  and  the  nlver-aalt  C«H»AgN«0«. 

HSWLPHO«T>f  HMXO  AOEBm    See  SuLFHAino  Etkkbs. 


C^»«    «.    C^».C«H».     rTollens  and  Fitti^  Ann.  Ch. 
Pharm.  cxxxi.  810. — ^Fittig,  ibid,  crrxiii.  222.)— Tnis  compound,  isomeric,  but  not 
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identical,  with  xvlene  (q,  v.\  is  obtained  by  the  action  of  sodium  on  a  mixture  of  bromo- 
benzene  (bromide  of  phenyl)  and  bromide  of  ethyl,  dilated  with  pure  ether.  The 
action  is  rather  energetic  and  requires  to  be  moderated  by  external  coofing.  The  distillate 
after  being  freed  from  ether  comdsts  almost  wholly  of  phenyl-ethyl,  with  only  traces  of 
free  ethyl  and  phenyL 

Phenyl-ethyl  is  a  colourless  mobile  liquid,  very  much  like  toluene  and  boiling  at  133^. 
By  oxiaation  with  chromate  of  'potauium  and  nUphuric  cund  it  is  converted  id  to  ben- 
zoic acid  (xylene  treated  in  uie  same  manner  yields  terephthalic  acid,  OH'O^). 

Bromine  acts  slowly  on  phenyl-ethvl,  with  rise  of  temperature  and  evolution  of  hydro- 
bromic  acid,  and  forms  a  heavy  colourless  transparent  liquid,  boiling  at  200^,  aud 
exhibiting  the  composition  of  monobromophenyl-ethvl,  CH'Br.  Heated  in 
sealed  tubes  with  excess  of  bromine,  it  is  converted  into  a  heavy  viscid  oil  consisting 
of  a  mixture  of  several  more  highly  brominated  compounds. 

Phenyl-ethyl  treated  with/vmtn^  nitric  acid  in  a  vessel  exfemaU^  cooled  is  converted 
into  mononitrophenyl-ethyl,  OH'^NO'X  which  when  precipitated  by  water  and 
purified  by  washing,  drying  over  chloride  of  calcium,  and  rectification,  forms  a  light 
yellow  oil  heavier  than  water  and  boiling  without  decomposition  at  233^  (nitroxylene 
is  decomposed  by  distillation).  It  is  easily  reduced  by  tin  and  hydrochloric  acid,  yield- 
ing the  hydrochlorate  of  a  base  which  in  the  free  state  forms  a  colourless  oU,  turning 
brown  on  exposure  to  the  air,  but  not  solidifying.  The  oxalate  of  this  base  crystallises 
in  large  colourless  needles,  only  slighUy  soluble  in  cold  water.  The  chloroplatinate 
crystallises  in  shining  scales. 

DinitrOphenyl-ethyl,  G'H'fNO'^,  is  produoedby  heating  the  mononitro-com- 
pound  with  nitric  add,  or  when  phenyl-ethyl  is  graduidly  dropped  into  a  mixture  of 
2  voL  strong  sulphuric  and  1  voL  fuming  nitric  add,  and  the  clear  liquid  is  genUy 
heated.  It  uien  separates  on  the  surfSace  as  a  yellow  oil  which  cannot  be  dLstilled,  but 
may  be  purified  by  washing  with  water,  solution  in  alcohol,  and  drying  over  sulphuric 
acid.  It  then  forms  a  light  yellow,  perfectiy  transparent  oil,  which  dissolves  in  boiling 
alcohol,  separates  almost  completelv  on  cooling,  and  is  decomposed  by  distillation. 

Trinitrophenyl-ethyl,  CH^NO')',  is  produced  in  small  quantity  in  the  pre- 
paration of  the  dinitro-compound,  as  above  described;  and  the  latter  may  be  almost 
wholly  converted  into  the  trinitro-compound  by  dissolving  it  in  a  mixture  of  strong 
sulphuric  and  fuming  nitric  add,  boiling  the  liquid  for  an  hour  with  repeated  addition 
of  fuming  nitric  add,  then  adding  sufficient  fuming  nitric  add  to  dissolve  the  oil  which 
has  risen  to  the  surfiice,  leaving  the  solution  to  itself  for  24  hours,  and  then  pouring 
it  into  water.  The  trinitro-compound  thus  prepared  is  an  oil  resembling  the  dinitro- 
compound,  but  still  more  viscid,  and  exhibiting  no  traces  of  crystallisation,  even  after 
long  standing.  (Xylene  is  easily  converted  by  fbming  nitric  add,  even  in  the  cold, 
into  a  crystalline  trinitro-compound.)    It  is  reduced  by  sulphide  of  ammonium  to  a 

base,  probably  ^        \       )J  vN',  which  crystallises  from  boiling  water  in  orange-yellow 

laminse,  and  forms  a  hydrochlorate  easily  soluble  in  water,  alcohol  and  ether. 

Phenyl-ethyl  dissolves  quickly  in  |[ently  heated/unun^  tidphime  acid^  and  the  solution 
if  left  to  itself  for  some  time,  aeposits  slender  colourless  needles  of  a  snip  ho -acid, 
G'H"SO',  very  deliquescent,  having  a  strongly  add  and  bitter  taste,  melting  when 
heated,  and  blackening  at  a  higher  temperature.  The  same  solution  neutralised  with 
carbonate  of  barium  yields  a  very  stable  bariurn-salt,  C"H*'!Ba"S'0',  which  crystallises 
in  beautiful  stellate  groups  of  flat  silky  needles,  much  less  soluble  than  sulphotoluylate 
of  barium ;  it  does  not  suffer  any  loss  of  weight  at  160^.  The  calcium-salt  of  the  same 
add,  C'^H'^Oa'SK)*,  is  very  sdluble  in  water,  and  is  obtained  by  spontaneous  evapor- 
ation as  a  shining  translucent  saline  mass. 

VBBWTXi-BTnXMAJKXMas.  See  ErsTL-AiOLiMa,  &c,  under  Phbntlahikbs^ 
(p.  460). 

tMAlOBa  or  romXAVZ&IBB.    See  Forkamidb  (ii.  682). 
ACZB.    Syn.  with  Phbnol. 
^M  or  BSMZOTXi.     Syn.  with  Phbhtl-bbnzotl  (p.  478). 
iM  OT  817&FBOPBJUi  X  Jk.    See  Sxtlfho-benzidb. 


Compounds  produced  by  treating  isatin  (iii.  406), 

bromisatin  and  chlorisatin,  dissolved  in  boiling  alcohol,  with  aniline  and  its  substitution- 
derivatives.  Their  relations  to  imesatin  (iii.  246)  and  their  mode  of  formation  are- 
exhibited  by  the  following  equations : 

C»H«N«0  a  C?*H»NO«         +         NH«        -        H*0 

Iraetatin.  batin. 

ei«H»«NK)         »  C^»NO«        +     .    C*H'N     -        BHX 

PhenyUuMMiiu.  iMtin.  Anillae. 
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C"H»BrN«0 
PhenyUbrom- 
fmeiiHttn. 

■" 

C»H*BrNO« 
BromiMtin. 

+ 

AniliDflL 

H»0 

C'«H*C1N«0 
Phenyl-chlor- 
imeiaiin. 

■■ 

C»H«C1N0* 
ChlorUatln. 

+ 

C«H'N 

Aniline. 

KH) 

C"H»BpN«0 

BroroophenyU 
imesatiD. 

" 

C»H»NO« 
Isatlii. 

+ 

C^«BrN     - 
Bromaniline. 

H»0 

C"H»C1N«0 

ChlorophenjU 
ImeMtlo. 

" 

C«H*NO« 
iMtin. 

+ 

Chioranilina. 

HH) 

The  oompoundtftbiui  formed  cr3r8tallUe  from  the  alcoholic  solution  on  cooling  mostly 
in  yellow  or  orange-yellow  needles.  They  are  insoluble  or  sparing^ly  soluble  in  water, 
easily  soluble  in  hot  adcohoL  When  treated  with  acids  at  the  boilinff  heat,  ther  are 
resolyed  into  isatin,  bromisatin  or  chlorisatin,  which  is  TOecipitated,  and  a  salt  of 
aniline,  chloraniline,  or  bromaniline  which  remains  in  solution.  With  alkalis  they 
yield  a  soluble  isatate,  bromisatate,  or  chlorisatate,  with  separation  of  aniline,  bromani- 
line or  chloraniline.  Isatin  treated  with  nitraniline  or  tribromaniline  does  not  yield 
ooiresponding  compounds  (Engelhardt^  J.  pr.  Chem.  Ixr.  260).  See  also  Omelin'9 
Handbook  (zui.  83). 

-ACOWAMIO  AOZD.|      flee  Itaookio  Acm  (iii  436). 

"[    See  Malio  Acod,  PHunrLAisD  Ajodbb  or 

(iii  797). 

bOAFTAM.    See  Phbnti^  Sulfhtdilltb  of  (p.  418). 

CH*  -  C*H».CH«.  (Tollens  and  Fit  tig,  Ann.  Ch. 
Fharm.  cxxxi.  304.) — Produced  by  the  action  of  s<>lium  on  a  mixture  of  bromoben- 
Bene  and  bromide  of  methyl  diluted  with  pure  anhydrous  ether,  in  a  yessel  ertemally 
eooled.  The  distillate  is  freed  from  ether  by  heating  it  in  the  water-bath  to  60°,  and 
ihen  rectified  two  or  three  times  in  contact  with  sodium. 

Fhenyl-methyl  is  a  transparent  colourless  liquid,  smelling  like  benzene,  hayinf  a 
specific  grayity  of  0*881  at  5^,  and  boiling  point  111^,  which  is  the  same  as  that 
assigned  by  Wilbrand  and  Beilstein  (Ann.  Ch.  Fharm.  cxxyiii  269)  to  toluene. 
In  fact  phenyl-methyl  appears  to  be  identical  in  eyeiy  respect  with  toluene  obtained  from 
ooal-tar  (i.  674).  It  is  oonyerted  by  fuming  nitric  acid  into  a  nitro-compound,  C^^O* 
haying  the  peculiar  bitter-almond  odour  of  nitrotolnene,  boiling  at  222^ — 223^ 
(nitrotoluene  boils  according  to  Benlle  at  226^,  according  to  Wilson  at  220° — 226°) ; 
and  conyerted  by  sulphide  of  ammonium  into  a  crystalline  base,  C'H'N,  haying  all  the 
properties  of  ordinaiy  toluidine  or  benzylamine  (i.  676).  Fhenyl-methyl  dissoWes  in 
fuming  tulphurio  actV2,  forming  sulphotoluylic  add,  C'H'SO*;  and  (like  toluene) 
it  is  conyerted  by  oxidation  with  sulphuric  acid  and  ckromaie  of  potassium  into 
bensoie  acid. 

In  its  identity  with  toluene,  phenyl-methyl  dil^  remarkably  fr*om  phenyl-ethyl 
and  phenyl-amyi,  the  former  of  which  is  isomeric,  but  not  identical  with  jgrlene,  the 
latter  with  eumene. 


See  MKTHZLAinLDii^  &e,,  under  FsainaA- 
KDIBS  (p.  463). 

(CS)"t 


BTBTSi-BravBOCAmBAaasa.    ^^* 


•  N*.    Isomerio 


or  identical  with  sulphocyanate  of  phenyl-naphthylammonium  (see  Napbthxiamxkb, 
p.  22). 

IB.    See  FHSiTYX-BnczAKiDa  (p.  476). 

See  OxALUB^MiDB  (p.  278). 

CO  AOXB.    See  Ozakto  Ethsbs  (p.  282). 

^BOSVBAMZO  AOSD.    See  Fhosphamic  Acm. 

^BOaPBAMZBB.    See  Fhosfhaiodb. 

^BTBA&ABEEO  ACZ3>»i 


'  [     See  Fhthalic  Acid,  Aiodbs  of. 
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"  I    See  Ptbotabtauc  Acid,  Amois 

OF. 

See  SAiJCTT.Aim)i. 
See  SnnfAiiiifB. 
See  SncABio  Acid,  Axaxm  of. 

I    See  Stjbbkc  Acm,  Axidbb  of. 

See  Svocnnc  Acm,  Ajudss  of. 

AOIB.    See  Srinuiac  EmsBS. 

See  Cabbaiodb  (i.  766), 

See  SULFH01>KBNTI.A]IZDB. 

See  SxTLFHiTBic  Ethbkb. 
See  SuLPHUBOUB  Ethsbs. 

See  TiBTABXc  Acid»  Amidbb  of. 

See  TaioearAjmn. 

See  Phbmtlimikbs  (p.  464). 

See  Cabbaiodi  (i.  766). 

m»    See  Valbbaiodb. 

Lime-lmrmotome  (see  Hjlbxotomb,  iii.  13). 

,  C'BVO*.  (Bertagnini,  Ann.  Ch.  PhamLxcrii.  lOQ.V— A 
resinous  substance  produced  by  boiling  phillyrin  with  dilate  hydrochlorio  add,  or 
better,  by  the  lactic  fermentation  of  phillynn.  it  crystallises  readily  in  a  white  nacreona 
mass.  It  is  insoluble  in  cold  watery  yeacj  little  soluble  in  boiling  water,  but  dissolrea 
eaailj  in  alcohol  and  ether.    It  is  polymeric  with  saligenin :  C*>B>«0<  -.  3C^H"0*. 

With  chlorine,  bromine  and  fit^ric  aeidt  phillygenin  forms  subetitution-denTatiTes 
similar  to  thoee  obtained  in  like  manner  from  phUlyrin  (De  Luca).  MonobrophiUy^ 
genin,  C^^H^BrO*,  crystallises  in  shining  needles. 

VMIZ&Tmxv.  G'^*«0".  (Campona,  Ann.  Ch.  Fhann.  zziv.  242.— Ber- 
tagnini,  ibid,  zciL  109. — De  Luca,  tbid,  czviii.  124.) — A  subtftanoe  contained  in 
ban  <^  Phillyrea  lati/olia,  whence  it  is  extracted  by  treating  the  aqueous  decoction  of 
the  bark  with  quick-lime  or  oxide  of  lead,  evaporating  the  filtrate,  and  leaxing  it  to 
crystallise.    According  to  De  Luca,  the  mother-liquor  contains  mannite. 

Phillyrin  is  white,  aystallisable,  inodorous,  bitter,  sparingly  soluble  in  cold  water, 
more  soluble  in  boiling  water  and  in  alcohol  (G  a m  p o  n  a).  1  pt  of  phillyrin  dissolres  at 
9^  in  1300  pts.  water,  and  in  40  pts.  alcohol  (De  Luca).  It  is  nearly  insoluble  in 
ether,  quit«  insoluble  in  oUs  both  fixed  and  Tolatile  (CamponaX  It  melts  at  160^ 
to  a  colouriess  liquid,  which  begins  to  decompose  at  260^.    fDe  Luca.) 

According  to  Bertagnini,  the  formula  of  CEystallised  phillyrin  is  C*>H*«0".8|HH> 
(analysis,  67*66—67*88  C  and  6*63— 6*82  H;  calc.  67*76  0,  6'63  H  and  36*62  O). 
The  water  of  crystallisation  is  ^Ten  off  between  60^  and  60°.  According  to  D  e  L  u  c  a, 
the  amount  of  water  in  phillynn  varies  according  to  the  humidi^  and  temperature  of 
the  air,  and  it  is  all  given  off  at  ordinary  temperatures  over  sulphuric  acid  or  in  a 
stream  of  dry  air.  Phillyrin  melts  at  about  160°  to  a  colourless  mobile  liquid.  By  boil- 
ing with  dilute  hydroehiorio  acid,  it  is  transfimned  into  phillygenin  and  glucose : 

0*H"«0"     +     HW      -      C«H»*0«     +     <>H»«0«. 
Philljiia.  PhUljtrain.  GlaeoM. 

It  undergoes  the  same  transftxrmation  by  lactic  fermentation.    Synaptase  has  no  action 
upon  it.    (BertagninL) 

8idpkuricaeid&etddBaoive6  it  with  red  colour  and  then  decomposes  it  (GamponaV 
Dilute  nitric  acid  forms  with  it  yellow  silky  crystals ;  with  a  less  dilute  acid,  crystal- 
line grains  are  obtained ;  with  strong  boiling  nitric  add  the  products  an  oxalic  add, 
and  a  substance  which  crystaUises  in  yellow  diining  laminn  (Bertagnini).  Accord- 
ing to  De  Luca,  it  forms  mono-  and  di-nitro-phillyrin. 
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Chlorine  and  bromine  transform  phillyrin  into  sobstitiition-derirativcs  eon  tain  ing 
1  and  2  at.  chorine  and  bromine,  and  capable  of  splitting  up,  like  phillyrin  itself,  into 
glaooee  and  chlorinated  or  brominated  deriyativee. 


An  old  name  for  the  waterj  reeidnie  left  in  the  distillation  of 
spiritnons  or  acid  iiquids. 

ivmi.    See  Grassbs  (i.  948). 


FB&OB AVBaMB.  (From  ^XotSs,  bark,  and  0d^,  oolonr).  A  brown  substance 
obtained  from  the  bark  of  certain  trees,  e.g.  Finite  eylveetrie,  PUUantts  acerifoliay 
China  Jlava  and  Betula  alba.  It  is  said  to  have  the  composition  G**HK)^  and  to  form 
a  hydrate  containing  |  to  fat.  water.  (Hofstetter  and  Stahelin,  Ann.  Ch.  Phann. 
li  63.— Handw.  d.  Chem.  vL  226.) 

See  Combustion  (L  1089X  and  Oas  (ii  774—782). 
Bhombic  Mica  (see  Mica,  iii.  1012). 

ra&OSAMnn.    C«H^O*  »    ^'^I^'|n.    (Hlasiwets  and  Pfanndler, 

Ann.  Gh.  Pharm.  cxix.  202.)— A  eomponnd  produced  bj  the  action  of  ammonia  on 
phlorogludn : 

C^W     +     NO*      -      C«H^O«     +     H«0. 

Phlorogluctn,  oyer  which  dry  ammonia  gas  is  passed,  absorbs  large  quantitieB  of  it» 
and  melts ;  and  i^  as  soon  as  the  formation  of  water  has  ceased,  the  resulting  crystal- 
line mass  be  dissolved  in  warm  water,  crystals  of  phlovamine  are  obtained. — The  brown 
solution  of  phloroglucin  in  5  pts.  warm  aqueous  ammonia,  deposits^  after  standing  for 
some  time,  crystals  which  must  be  purified  by  reciystallisation  from  warm  water,  and 
dried  as  quickly  as  possible  in  vacuo  over  oil  of  vitriol. 

Phloramine  forms  thin,  delicate,  micaceous  laminn,  which  separate  from  the  filter 
in  the  form  of  a  film  having  a  silky  lustre.  It  has  a  slightly  astringent  taste,  and  is 
permanent  in  dry  air.  It  is  sparingly  soluble  in  cold  toater,  easily  soluble  in  alcohol, 
insoluble  in  ether, 

DecompoeiHone, — ^1.  Phloramine  heated  over  the  water-bath  acquires  a  lemon-yellow 
and  ultimately  a  dirty  brown  colour,  losing  weight  at  the  same  time  and  becoming  in- 
soluble in  water.— 2.  Phloramine  either  moist  or  dissolved  in  water  turns  brown  when 
exposed  to  the  air. — 3.  Ftanina  nitric  acid  acts  violently  on  phloramine^  producing  a 
yeUowish-red  solution  from  which  dark  brown  crystals  separate,  probably  a  nitro-compound 
The  same  crystals  are  produced  when  nitrate  of  phloramine  is  kept  in  the  moist  state. — 
4.  When  phloramine  is  heated  over  the  water-bath  with  oil  of  vitriol,  a  conjugated 
sulphuric  add  is  formed,  whose  barium-salt  crystallises  in  needles.  This  barium-salt, 
ana  the  solution  obtained  hj  heating  phloramine  with  oil  of  vitriol,  diluting,  neutral- 
ising with  carbonate  of  banum,  boiUng  and  filtering,  aoauires  a  fine  violet  colour  on 
addition  of  ferric  chloride,  even  if  the  liquid  is  very  ailute.  By  chlorate  of  potas' 
eium  and  hydrochloric  acid,  phloramine  is  converted  into  a  dark  brown  resin  which 
gradually  becomes  lighter  in  colour,  and  when  distilled,  gives  off  a  small  quantity  of 
oil  baring  an  intensely  stroujg;  odour  (perhaps  chlorinated  acetone)  and  leaves  a  resin. 
No  chloranil  is  formed  in  this  reaction. — 6.  When  ammoniaod  phloroglucin  is  exposed 
to  the  air,  the  phloramine  formed  in  the  first  instance  disappears,  and  the  liquid  dries 
up  to  a  black  shining  brittle  mass,  which  dissolves  in  aqueous  ammonia  and  is  thrown 
down  bv  adds  as  a  black-brown  predpitate. — 7.  By  aqueous  alkalie,  phloramine  is 
oolourea  dark  and  decomposed. — 8.  The  solution  does  not  ooioat  ferric  chloride  or  form 
a  predpitate  with  netUral  acetate  of  lead  or  nitrate  of  diver ;  neither  does  it  reduce 
silver  from  its  solution  when  heated  thefewith. 

Phloramine  unites  with  adds,  forming  salts  which  crystallise  well,  and  aro  all  soluble 
in  alcohoL 

Acetate  of  Phloramine. — The  solution  of  phloramine  in  glacial  acetic  add  dries  np  to 
a  yellow  varnish  without  forming  crystals.  When  water  is  poured  upon  it,  there  re- 
mains a  yellow  powder  which  when  heated  partly  melts  to  a  resin  and  partly  dissolves. 

IfydrochloratCf  CH'NO'.HCL — ^Phloramine  on  which  strong  hydrochloric  add  is 
poured  crumbles  to  a  sandy  powder  which  dissolves  when  heated,  and  separates  on 
cooling  in  yellow  shining  laminae,  perhaps  consisting  of  the  anhydrous  salt  After 
solution  in  water,  white  needles  and  lamina  are  slowly  obtained,  which  turn  yellow  at 
100°  and  give  off  10*16  per  cent  water  (1  at  »  10*02  per  cent). 

Nitrate, — Phloramine  dissolves  rapidly  in  warm  moderately  concMitrated  nitric  add, 
the  solution  yielding  the  salt  in  shining  bronze-coloured  laminn  and  needles. 

The  oxalate  is  a  crystalline  salt 

Sulphate,  2C«H'N0*.H'S0*.— A  solution  of  phloramine  in  dilute  sulphuric  acid  yields 
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by  Bpontaneoiis  erapOTstioik,  Ions  jellowiah  brittle  needlei,  which,  when  heated  oyer 
the  water-bhth,  acquire  a  bright  yellow  colour  and  give  o£f  9*38  per  cent,  water 
(2  at.  »  9'37  per  cent.). 

MSiOBBTAllZG  AOIB.    C*H"NO«    -    (C*HH))''Iq     (Hlasiwets,  Ann. 

Cb.  Phaim.  eiL  162. y— An  acid  pcoduced  by  the  prolonged  action  of  strong  ammonia 
on  ethyl-phloretic  acid  (p.  491) : 

((?H"0)''VO»     +     NH"      -      (C»H"0)''^N      +        h  l^' 

After  being  freed  from  ammonia  and  alcohol  by  eraporation,  It  crystalliBeB  from  hot 
water  in  sender  shining  prisma.  It  dissolves  in  alcohol  and  ether,  melts  between  110^ 
and  1 1 1^,  and  sublimes  partially  with  loes  of  ammonia.  Its  aqueous  solution  is  coloured 
blue  by  ferric  chloride.  It  appears  to  unite  with  alkalis,  but  does  not  decompose 
carbonates,  and  is  altogether  but  aveiy  feeble  add. 

VB&OBano  AOIB.    C^H^'O*   -    ^^q1P^'|o*.    (Hlasiweti,  Wien.  abid. 

Ber.  zrii  382;  zxir.  237;  Om.  xiii.  308.) — ^An  acid  produced,  together  with  phloro- 
glucin,  by  the  action  of  caustic  potash  on  pUoretin : 

Phloratla.  Fblorecle  add.       Phloroglucln. 

It  is  prepared  by  dissolring  80  grm.  of  phloretin  in  about  200  c.  c  of  potash-ley  of 
specific  grarity  1*26,  and  cTaponSing  with  ebullition  till  the  mass  has  Income  thick. 
The  product  is  then  dissolved  in  bouing  water,  carbonic  acid  gas  passed  through  the 
solution,  the  liquid  eraporated  to  dryness,  and  the  residue  treated  with  boiling  a&ohol, 
which  dissoWes  the  phloretate  of  potassium  and  leaves  the  greater  put  of  the  phloro- 
glucin  undissolved.  Ether  is  then  added  to  the  solution,  which  precipitates  the 
phloretate  of  potassium  as  an  oily  liquid ;  the  ether  is  decanted ;  water  is  added ;  and 
the  liquid,  after  concentration,  is  mixed  with  hydrochloric  acid,  which  precipitates  the 
phloretio  acid :  it  may  be  purified  by  repeated  crystallisation  from  akohol  and  from 
water. 

Fhloretic  add  forms  long  brittle  prisms,  having  a  sour  and  slightly  astringent  tatste. 
From  alcohol,  and  espedally  from  ether,  it  is  deposited  in  very  large  prisms.  The 
crystals  are  mouoclinie,  exhibiting  the  combination  oP .  ooPoo .  —Poo .  +  {Poo .  [Poo  1 . 
+  P,  Ac.  Angle  -Poo  :  ooPoo  »  138<>  61';  +  fPoo  :  ooPoo  -  148o  19';  [Poo]: 
oP  a  114®  15'.  It  melts  between  128^^  and  130°,  and  solidifies  in  a  crystalline  mass 
on  cooling.  It  is  somewhat  less  soluble  in  toater  than  in  alcohol;  the  solution  may  be 
boiled  continuously  without  decompodtion.  When  mixed  with  ammonia  and  agitated 
in  the  air,  it  assumes  a  reddish  colour.  With  solution  of  calcic  hypoohlorite  it  assumes 
a  transient  brown  colour;  with  ferric  chloride  a  green  colour.  The  solution  super- 
saturated  with  ammonia  reduces  nitrate  of  sUver  on  application  of  heat. 

Lecompositione. — 1.  Phloretic  acid  when  strongly  heated  gives  oflf  sufibcating  odours, 
bums,  and  leares  very  little  charcoaL — 2.  With  bromine  it  forms  dibromophlo- 
r  e  t  i  c  a  c  i  d. — 3.  Pulverised  phloretic  add  nlaced  in  a  fiask  filled  with  chlorine^  melts,  with 
disengagement  of  tieat,  the  colour  of  the  cnlorine  disappearing,  and  hydrochloric  add 
appearing  in  its  place.  The  product  dissolves  in  alcohol  and  in  ether,  but  not  in 
water ;  tne  solution  when  evaporated  leayes  a  soft,  sticky  mass,  which  forms  with  soda 
a  compound  solidifying  after  some  time  to  a  deliquescent  crystalline  mass. — 4.  With 
hydrochloric  acid  and  chlorate  of  potassium  it  assumes  at  first  a  reddish-brown  colour, 
gives  off  abundance  of  gas  when  heated,  again  becomes  yellow,  and  partially  changes 
into  yellow  flakes. — 6.  Triturated  with  pentachloride  of  phosphorus,  phloretic  acid 
becomes  warm  and  liquid,  and  gives  off  much  hydrochloric  acid  gas  with  effervesceuce. 
On  distillation,  oxychloride  of  phosphorus  passes  over  at  100°,  and  a  Aiming  liquid 
remains,  which  decomposes  with  water,  into  phloretic  add,  hydrochloric  acid,  and 
phosphoric  acid ;  and  at  a  higher  temperature  becomes  brown,  froths  up,  and  gives 
off  a  small  quantity  of  oxychloride  of  phosphorus,  leaving  charcoal  as  a  residue.^ — 6.  By 
exposure  to  the  vapour  of  sulphuric  anhydride,  it  is  converted  into  sulpho-phloretio 
acid,  C»H»^0*JSO»  (Nachbaur,  Wien.  akad.  Ber.  xxx.  122).— 7.  When  concentrated 
nitric  acid  is  poured  on  phloretic  add,  it  dissolves,  forming  a  red  solution,  with  disen- 
gagement of  heat,  intumescence,  and  Uberation  of  red  vapours ;  the  solution  on  cooling 
beoomes  filled  with  yellow  crystals  ofdinitrophloreticacid.  If  the  temperature 
be  not  kept  down,  oxalic  acid  is  also  formed.  Powdered  phloretic  add  gradually  added 
to  cold  concentrated  nitric  add,  is  dissolved  without  formation  of  red  yapours,  and  after 
some  time  dinitrophloretic  add  ciystallises  out.  If  nitric  acid  be  added  to  warm 
aqueous  phloretic  add,  effervescence  takes  plaae,  nitric  peroxide  is  disengaged,  the 
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liquid  becomes  oolonred,  and  brown  Tesinone  drope  separate,  which  by  continued  heating 
with  addition  of  a  little  nitric  acid,  disappear,  while  dinitrophloretic  add  crystallises  out 
after  a  little  time.— 8.  Phloretate  of  Darium  mixed  with  lime,  and  a  Utile  powdered 
glassy  and  heated,  yields  phlor  etol  as  a  brown  oily  distillate. 

C»H»0«     4-     Ba'C       =      C»H"0     +     Ba'OO*. 

The  same  compound  is  obtained  br  distflling  phloretate  of  calcium  with  finmate  of 
cftlcium. — 9.  With  chloride  of  actttfl  (or  chloride  of  buty^l  or  chloride  of  bensqyl)  it 
gives  off  hydrochloric  acid,  and  forms  peculiar  acids  (Hi as i wets).  The  product 
Formed  with  chloride  of  acetyl  is  acetylphloretic  acid,  C*H*(C*H*0)0*  (t.  Gilm, 
Ann.  Ch.  Pharm.  cxiL  180). — 10.  Phloretate  of  potassium  or  phloretate  of  silver  heated 
with  iodide  qf  ethyl  or  iodide  of  amyl,yieldB  ethyl-phloretic  acid,  CH*(G'H*)0', 
or  amyl-phloretic  acid,  C^»(C»H")0«.    (Hlasiwets.) 

11.  Phloretic  add  heated  with  phlorogluctn  yields,  not  pmoretin  but  metaphlo- 
retin.    (Hlasiwetz,  p.  492). 

Phlobbtatbs.  Phloretic  acid  is  dibasic,  forming  neutral  salts,  CH'M'O'  or 
C*H»M"0»,  and  add  salts,  C»H»MO«  or  C"'H»M''0«  -  C»H"M'0«.C»H"0«,  according 
to  the  atomidty  of  the  metaL  It  decomposes  carbonates,  mostly  forming  add  salts. 
Thejphloretates  are  all  aystallisable.  The  acid  salts  have  a  neutral,  the  neutral  salts 
an  a&aline  reaction.    When  heated  they  emit  an  odour  like  that  of  phenol. 

Phloretates  of  Barium.  The  neutral  9(dt,  C^H^Ba^O*,  is  formed  by  predpitating 
a  boiling  solution  of  the  add  salt  with  very  strong  bazyta-water.  It  crystallises  from 
boiling  water  in  needles  containing  6  at  water,  four  of  which  are  given  off  at  160°. 
The  (Kid  wit,  C"H*'Ba"0*,  obtained  by  saturating  a  warm  aqueous  solution  of  the 
acid  with  carbonate  of  barium,  crystalHses  in  long  flat  transparent  prisms,  which  be- 
come dull  at  100^ 

Phloretates  of  Calcium.  The  neutral  ealt  is  predpitated  on  adding  a  solution 
of  lime  in  suffar-water  to  a  concentrated  solution  of  lime  in  phloretic  add  tiU  the  liquid 
becomes  alkuine.  It  crystallises,  by  evaporation  in  vacuo,  in  white  lanintt  having  an 
alkaline  reaction.    It  is  decomposed  by  carbonic  add. 

Phloretates  of  Copper.  The  acid  salt,  Ci*Hi*Cu''0*»2HK),  obtained  by  de- 
composing a  solution  of  toe  sulphate  with  phloretate  of  barium,  forms  emerald-green 
crystals  which  give  off  their  water  at  100°,  dissolve  sparingly  in  water  and  alcohol  but 
readilv  in  ether,  with  emerald-green  colour.  The  neutral  salt,  G*HH}u''0*,  separates 
out  when  an  ethereal  solution  of  the  add  salt  is  continuously  wanned  or  boiled,  in  beau- 
tiful shining  bluish-green  spangles  containing  1  at  water,  half  of  which  is  given  off  at 
lOO"",  leaving  a  hydrate  containing  2C*H*Gu'X)*.H'0. 

Phloretates  of  Lead.  The  neutral  salt,  2C»H«Pb''0«.H«0,  is  obtained  as  aheary 
bulky  precipitate  on  saturating  the  add  with  carbonate  of  lead,  and  mixing  the  hot  fil- 
trate with  basic  acetate  of  lead.  It  retains  its  water  at  100°.  A  basic  salt  having 
nearly  the  compomtion  2C^H'Pb''0*.Pfar'0.2HH),  is  predpiteted  on  adding  basic  acetate 
of  lesd  to  a  cold  solution  of  phloretic  acid  saturated  with  carbonate  of  lead. 

Phloretate  of  Magnesium  separates  from  a  solution  of  magnesic  carbonate  in 
aqueous  phloretic  add,  in  colourless  crystalline  geodes  resembling  wavellite. 

Phloretates  ofMercurvm  Phloretic  acid  forms  with  mercurous  nitrate  a  crystalline 
precipitate  consisting  of  needles ;  with  neutral  mercuric  nitrate  a  crystalline  predpitate 
formed  of  transparent  plates. 

Phloretate  of  Potassium,  OH*K0",  is  obtained  by  mixing  the  aqueous  acid 
with  caustic  potash,  saturating  the  liquid  with  carbonic  add,  evaporating,  exhausting 
the  dry  mass  with  strong  alcohol,  and  purifying  by  i>re8sure  and  reciystaUisation.  By 
spontaneous  evaporation  of  the  alcoholic  solution,  it  is  obtained  in  colourless  radiating 
lamins  or  in  ratner  large  prisms.  It  has  a  warm  saline  taste,  effloresces  in  the  air,  and 
gives  off  all  its  water  at  100^.   Its  alkaline  solution  turns  brown  on  exposure  to  the  air. 

Phloretate  of  Silver,  C^H'AgO",  is  obtained  by  precipitating  the  sodium-salt* 
with  nitrate  of  silver.    The  liquid  solidifies  to  a  crystalline  magma,  which  must  be 
filtered  in  the  dark,  washed  with  cold  water,  and  then  dried,  first  between  paper,  and 
afterwards  at  100°.  It  forms  daszling  white  needles,  which  when  moist  blacken  readily 
in  the  light;  dissolves  easily  in  ammonia  and  in  acetic  acid. 

P  hloretate  of  Sodium,  CH*NaO',  prepared  like  the  potassium-salt,  crvstallises 
from  a  highly  concentrated  solution,  which  soon  turns  reddish  in  contact  with  the  air,  in 
radiating  efflorescent  prisms. 

Phloretate  of  Zin  c. — ^The  neutral  salt  appears  to  be  formed  as  an  insoluble  predpi- 
tate when  phloretic  add  is  boiled  with  excess  of  carbonate  of  sine,  and  remains  undis- 
adlvedy  while  the  add  salt  passes  into  solution. 
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The  acid  $aU,  C><Q|Vin'0*»  OTBtaUues  immecbatelj  from  a  Bolation  filtered  at  the 
boiling  heat»  in  flat  piisnui  and  lamins  of  a  Telvety  Inatie^  and  resembling  eholesterin  ; 
pernuineot  in  the  air;  veiy  sparingly  soluble. 

Phloretate  of  Urea,  GH«N«0.2CH>*0\  is  obtained  by  mixing  a  solntion  of  3  pts. 
of  urea  and  1  pt  of  phloretio  acid,  in  broad,  lustrous  1amin«%  or  featheiy  striated 
crystals. 

JDerivaHvea  ofPklaretio  acid. 

IMIiromo'^UOTVtle  Mid.  OfH«Br*0*.  (Hlasiwets,  Ann.  Ch.  Fharm.  eii.  145.) 
— Obtained,  by  adding  bromine  to  pulTerised  phloretxc  acid  as  Ions  as  hydrobromic 
acid  continues  to  escape,  as  a  slightly  coloured  powder,  which  ajita&ises  from  alcohol 
in  hard  colourless  prismatic  grains,  and  may  be  completely  purified  by  washing  with 
water,  and  precipitation  with  hydrochloric  acid  from  its  solution  in  ammonia.  It  melts 
in  an  atmosphere  of  chlorine  gas,  becoming  hot,  giving  off  hydrochloric  add,  and  form- 
ing an  uncrystaUisable  product  insoluble  in  water,  soluble  in  alcohol  and  ether. 

The  ammomumsaltf  G*H'(NH^)Br'0*,  is  sparingly  soluble  in  cold  water,  and  easily 
decomposible.  The  barium-salt,  G'*H'«Ba'3i^0*  (at  120O),  precipitated  from  the  am- 
monium-salt by  chloride  of  barium,  forms  prismatic  crystals. 

IMnttroptalOTetle  add.  CH^NK)'  -  C*H*(NO')H)*.  (EUbiw etz,  locoit.) 
^-This  compound,  produced  by  the  action  of  nitric  acid  on  phloretic  add,  exhibits  two 
different  modifications  according  to  the  manner  in  whidi  the  action  takes  place. 

The  first  modification  (a)  is  formed  when  phloretic  acid  is  dissolved  m  nitric  acid 
slightly  concentrated  and  kept  cool.  Yellow  smins  then  form  in  the  red  solution;  and 
on  recrystallising  these  from  water  and  alcohol,  the  add  is  obtained  in  shining  lemon- 
yellow  prisms^  easilpr  soluble  in  alcohol  with  yellowish-red  colour,  fdsible,  not  detonating, 
having  a  slightly  bitter  taste,  and  colouring  like  picric  add. 

The  detonating  raits  of  this  add  are  obtained  by  saturating  its  aqueous  solution  with 
the  respective  carbonates,  or  by  precipitation  from  concentrated  solutions  of  the  am- 
monium-salt. The  pota8sium-ialt,  2C»H«K«(N0*W».H»0  (at  120°X  crystallises  from 
dilate  alcohd  in  deep  orange-coloured  prisms.  The  barium-salt,  2CH*Ba''(N0')>0'.HK), 
forms  orange-colouzed  needlee;  the  calcium-salt  yellow  needles.  The  lead-salt  is  a 
deep  red,  the  silpsr^alt  a  red,  the  copper-salt  a  yellow  predpitate.  The  ammonium- 
salt  forms  with  inereurie  ehhride  a  yellow  precipitate  amorphous  at  first,  becoming 
crystalline  afterwards;  with  stannous  chloride  a  yellowish,  and  with  ferric  chloride  a 
light  brown  precipitate. 

The  second  modification  (fi)  of  the  add  is  produced  bv  dropping  nitric  add  into  a 
warm  aqueous  solution  of  phloretic  acid.  The  crystals  which  separate,  form  when  re- 
crystaUiaed  fr«m  alcohol,  dark  yellow  shining  laminae  and  scales. 

The  compounds  of  this  add  with  the  alkaline  earths  can  be  obtained  only  by  satur- 
ating the  add  with  the  corresponding  hydrates  or  carbonates,  whereas  those  of  the  a 
modification  are  obtained  in  the  crystalline  state  by  predpitation  from  the  ammonium- 
salt 

The  ^mmoniumrsalt,  2G"H*(NH«)*(N0*)*0'H*0,  effloresces  in  dark  yellow  needles; 
the  barium-salt,  2C*H'Ba''(N0')H)'.HK),  separates  in  nodular  groups  of  orange-yellow 
crystals. 

FBIiOXXTXO  MTWBBMm  These  are  compounds  produced  by  the  substitution  of 
1  at  of  an  organic  radide  for  1  at  hydrogen  in  phloretic  add. 

AMtIs  mioraUHto  or  Ao^tiyl-'ptaloreCle  aoid.  C"H>*0«  -  0'H*(CH*O)O*. 
(H.  V.  Gilm,  Ann.  Ch.  Pharm.  cxiL  180.) — I^?oduced  by  the  action  of  chloride  of 
aoetyl  on  phloretic  acid.  When  crystallised  from  dilute  alcohol,  it  forms  thin  colourleiis 
interlaced  prisms  having  a  vitreous  lustre  and  an  add  reaction.  It  is  insoluble  in  cold 
water,  soluble  in  alcohol  and  ether;  melts  bdow  the  boiling  point  of  water,  and  partly 
sublimes;  decomposes  carbonates;  is  not  coloured  by  ferric  diloride. 

Nitro-acetplphloreiie  acid,  C»H»([C«H»0)(NO*)0»,  is  obtained  by  dissolving  acetyl- 
phloretic  add  in  nitric  add  of  ordinary  strength,  and  immediately  mixing  the  product 
with  water.    It  crystallises  fsom  alcohol  in  golden-yellow  shining  laminae. 

Bttijlio  yuoretate  or  BUijrl^lilontlo  aetd.  G'>H"0*  «  G*H*(C«H*)0*. 
(Hlasiwets^  Ann.  Ch.  Pharm.  di.  161.) — This  compound  is  easUy  prepared  by  heat- 
ing phloretate  of  potassium  or  silver  with  ethylic  iooide  to  100°  in  a  sraled  tube.  It 
is  colourless  and  viscid;  has  a  frdnt  odour  and  irritating  taste ;  boils  above  265° ;  is 
not  infiammable ;  dissolves  in  alcohol  and  ether,  but  is  insoluble  in  water.  It  has  the 
same  index  of  refraction  aa  salicylic  ether  for  a  particnlar  ray  in  the  orange,  but  ita 
dispersive  power  is  much  less  than  that  of  salieylio  ether. 

Ethyhe  DinitrophioretaU,  C'H'(C*H*XNO*)*0«,  is  obtained  by  treating  ethylic  phlo- 
retate with  nitric  add,  as  a  golden-yellow  oil  whidi  solidifies  m  the  erystalliiie  form 
after  a  while,  and  crystaUises  from  alcohol  in  light  yellow  crystals. 
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AnjHo  Vlitoratate  or  MmjWgM/oimtho  »eia«  G'^H^K)'  «  <7H*(C*H")0*, 
prepared  like  the  ethyl-compound,  is  colourless,  Yerj  viscid,  has  a  slightlj  rancid  odour, 
a  ^arp  taste  and  boils  above  290^'.  With  nitrie  acid  it  yields  a  ezystalline  nitro- 
componnd.    (Hlasiwetz^  loo.  dt,) 


QiftQHO»,  (Stas,  Ann.  Ch.  Pharm.  zxz.  200.— 0.  Boser,  ibid, 
Ixxxiv.  178. — Hlasiwetz,  ibid,  xcvL  118. — Gm.  zvi.  8.) — ^A  substance  produced  bj 
the  action  of  dilute  acids  on  phlorizin  (p.  493).  To  prepare  it,  phlorizin  is  dissolved  in 
a  cold  dilute  acid,  and  the  liquid  subsequently  heated  to  90° :  it  is  then  deposited 
in  the  crystalline  state. 

Fhloretin  crystallises  in  small  white  lamina*,  having  a  saccharine  taste,  nearly  in- 
soluble in  cold  water,  very  sparingly  soluble  in  boiling  water,  and  in  anhydrous  ether, 
soluble  in  all  proportions  in  boiling  alcohol,  wood-spirit,  and  acetic  acid,  whence  it  is 
deposited  in  shining  grains.  (Analysis  64'6— 65*4  C  and  6*2— 6*4  H;  calc.  65*7  C,  5*1 
H,  and  29*2  O.) 

Phloretin  melts  at  180°,  and  decomposes  at  a  higher  temperature.  Strong  acids,  for 
the  most  part^  dissolve  it  without  alteration.  Nitric  acid,  however,  converts  it  into 
nitro-phloretin.  Chromic  acid  resolves  it  into  formic  acid  and  carbonic  anhydride 
(Stas).  When  pulverised  phloretin  is  treated  with  bromine  under  ether,  a  mixture  of 
tri-  and  tetra-bromophloretin  is  produced ;  but  when  phloretin  is  heated  with  excess  of 
bromine,  a  number  of  bodies  crystallising  in  needles  are  formed,  which  appear  to  be 
substitution-products  of  phloroglucin  (Schmidt  and  Hesse,  Ann.  Ch.  Pharm.  cxix. 
103).  It  is  dissolved  without  luteration  by  alkalis  ;  the  solutions  have  a  very  decided 
saccharine  taste,  and  in  contact  with  the  air,  absorb  oxygen  and  form  an  orange- 
coloured  body.  But  bv  boiling  and  evaporating  with  strong  potash-ie^f  phloretin  is 
resolved  into  phloretic  acid  and  phloroglucin  (pp.  491,  495). 

Phloretin  rapidly  absorbs  13  or  14  per  cent,  ammonia-gas,  without  losing  water.  It 
dissolves  in  strong  aqueous  ammonia,  but  separates,  after  a  few  seconds,  in  shining 
yellow  laminae,  which  give  off  ammonia  when  exposed  to  the  air,  or  when  heated.  The 
solution  of  the  ammoniacal  compound  precipitates  the  salts  of  manganese,  iron,  zinc, 
copper,  lead,  rilver,  &c.  The  lead-compound,  obtained  by  adding  basic  acetate  of  lead 
to  an  excess  of  phloretin-ammonia,  ana  drying  the  precipitate  at  140^  in  a  current  of 
air,  contains  2C»*H"0».6Pb"0.    (Stas.) 

Tetrabj'omophloretin,  C"H'*Br*0*. — ^When  finely-pulverised  phloretin  is  covered 
with  ether,  and  bromine  added  to  the  mixture  cooled  nom  without,  the  bromine  is 
absorbed,  with  evolution  of  heat»  and  a  mixture  of  tri-  and  tetra-bromophloretin  is  formed, 
which,  after  removal  of  the  ether  and  the  resulting  hydrobromic  acid,  may  be  completely 
converted  into  tetra-bromophloretin  by  renewed  treatment  with  bromine  at  asentle  heat 
Hie  product  is  boiled  with  water ;  the  residue  is  dissolved  in  boiling  alcohol ;  the 
solution  precipitated  with  water ;  and  the  pale  yellow  crystalline  precipitate  is  purified 
by  boiling  with  weak  alcohol  andrecrystallisation  fix>m  boiling  alcohoL  Phlorizin,  treated 
with  bromine  under  ether,  likewise  yields  tetrabromophloretin,  a  mixture  of  mono-  and 
poly-bromophloro-glucin  beinff  formed  at  the  same  time. 

Tetrabromophloretin  cryst^ses  in  small  pale  yellow  needles,  which  do  not  lose 
weight  at  100° ;  it  is  decolorised  by  animal  charcoal,  but  soon  turns  yellow  again.  It 
is  insoluble  in  boiling  toaier,  sparingly  soluble  in  boiling  alcohol,  easily  soluble  in  ether. 
It  melts  between  206°  and  210®,  acquiring  a  dark  red  colour,  and  decomposing  with 
effervescence.  It  dissolves  with  yellow  colour  in  aqueous  amfnonia  and  soda,  the 
ammoniacal  solution  turning  brown  after  a  while.  In  boiling  lime^oater  it  tuTBBTiol&t, 
and  forms  an  amorphous  violet  substance.  ' 

Nitrophloretin,  C"H"(NO»)0»  (?),  calledalflopWore«<ja«<i(by  Stas),  and n«ro- 
vhloreiic  acid,  is  produced  by  the  action  of  strong  nitric  add  upon  phloretin.  It  is 
brown,  amorphous,  insoluble  in  water  and  in  dilute  acids,  soluble  in  alcohol,  wood- 
spirit,  and  aOcalis.  It  decomposes  at  160°,  giving  off  nitric  oxide.  Sulphuric  acid 
dissolves  it  with  blood-red  colour. 

(C'EK))"  ) 

KetrnphloMtiB.      G^nxO^^     »    (C«HK)*)HO*  (?)  (Hlasiwetz,  Ann.  Ch. 

H*  j 
Pharm.  cxix.  199.)— This  compound  (not  named  by  Hlasiwetz,  but  called  a-phloretin 
in  €hnelin*s  Handbook,  xvi.  10)  is  produced  by  heating  phloretic  acid  with  phloroglucin. 
The  mixture,  heated  to  160®  in  an  air-bath,  melts  together,  and  gives  up  water.  LT  kept 
for  six  hours  between  160°  and  180°,  it  deposits  a  granular  mass,  and  ultimately 
becomes  quite  solid.  The  brown  mass,  when  boiled  with  water,  dissolves  slowly,  and 
the  solution,  even  before  it  is  quite  cold,  deposits  dystalline  scales,  which  may  be 
purified  bjr  washing  with  warm  water,  and  recrystallisatioo  from  boiling  water  with 
help  of  animal  charcoal 
The  compound  forms  nearly  colourless  microscopic  laminse,  ha  ving  a  rough  taste. 
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-wiih  BweetiBh  after-taste.    It  is  neutral ;  unalterable  at  160^ ;  oolonzB  aqneooa/pmo 
chloride  yiolet. 


..  G*SP«0.---<HIa8iwets,  Ann.  Ch.  Phann.  cii  166.)— This  eom- 
pound,  metameric  with  ethylic  phenate  or  pheoetol  (p.  301),  is  produced  by  dlBtiUing  a 
mixture  of  phloretate  of  barium,  caustic  lime,  and  a  little  powdered  glass,  in  small 
portions  over  an  open  fire.  The  brown  oily  distillate  is  dehydrated  by  decantetion  and 
drying  over  oil  of  vitriol,  and  then  rectifled. 

Phloretol  is  a  colourless,  strongly  refracting  oil,  which  becomes  thicker  at  18^  ,and 
boils  at  190O— 200O.  Specific  gravity  10874  at  12^'.  Vapour-density,  obs.  -  4*22; 
calc.  B  4*23.  It  has  an  aromatic  odour,  suggestive  of  phenol,  and  a  burning  taste. 
Placed  on  the  skin  it  causes  a  bum.  It  coagulates  albumin  almost  as  rapidly  as  phenoL 
A  splinter  of  pine-wood  dipped  in  aqueous  phloretol,  and  then  soaked  with  hvdrochlorio 
acid,  assumes,  when  dried  in  the  sun,  a  colour  similar  to  that  of  one  soaked  in  phenol. 
It  is  only  slightly  soluble  in  water,  but  mixes  in  all  proportions  with  alookol  and 
elher. 

DecampotitionB, — 1.  In  vessels  containing  air,  it  becomes  yellowish,  and  then  smells 
of  styroL — 2.  When  soaked  up  into  a  wick  it  mav  he  inflamed,  and  then  bums  with 
a  bright,  fuliginous  flame. — 8.  Dissolves  in  oU  of  vitriol;  the  solution,  after  standing 
some  time,  is  no  longer  precipitated  by  water,  but  then  contains  a  conjugated  sulphuric 
acid  which  forms  with  baryta  a  soluble,  easily  crystallisable  salt.  —  4.  when 
bromine  is  poured  on  it,  hydrobromic  add  is  liberated,  and  after  the  excess  of  bromine 
is  expelled,  a  white  erystslline  substitution-product  is  left,  which  is  soluble  in  alcohol, 
but  not  in  water. — 6.  With  chlorine  it  forms  a  substitution-product. — 7.  When  dropped 
into  strong  nitric  acid  it  hisses  like  a  red-hot  metal,  and  forms  trinitrophloretol, 
C*H'(NO')'0,  with  vk^nt  action  and  disengagement  of  nitric  peroxide. 


FB&OSBTT&.  C*H'0. — ^The  hypothetical  diatomic  zadide  of  phloretic  acid  and 
its  derivatives. 

Chloride  ofphloretyl,  (C'HK))''C1*,  appears  to  be  formed  by  the  action  of  penta- 
chloride  of  phospnorus  on  phloretic  acid,  according  to  the  equation, 

3J-(C»^)''|Q,-j   ^    3p^,     ^     SC'H'OCl*  +   2P0a«  +   SHQ  +  PH«0«. 

On  distilling  the  product^  oxychloride  of  phosphorus  passes  over  at  110%  and  the 
residue  can  no  lonser  be  heated  without  decomposition.  When  treated  with  water 
however,  it  yields  phloretic,  phosphoric,  and  hydrochloric  acids.     (Hlasi  wetz.) 

wmLWrnXEMEM.  C*H*^K)'*.  (S t as,  Ann.  Ch.  Phamuxxx.  206.)— Produced  by 
the  simultaneous  action  of  air  and  ammonia  on  phlorizin : 

C»»H>K)w     +     2NH»     +     0*        i-        C"H*N«0»«. 

It  is  precipitated  on  adding  an  acid  to  the  product  of  the  reaction.  To  obtain  it  pure, 
St  as  (Ann.  Ch.  Phys.  Ixix.  367)  precipitates  the  crude  product  of  the  above  reaction 
with  alcohol ;  dissolves  the  precipitate  in  the  smallest  possible  quantity  of  water ;  and 
adds  alcohol  acidulated  with  acetic  acid  to  the  solution  drop  by  drop.  The  precipitate 
is  then  washed  with  alcohol  of  continually  increased  strength. 

Phlorizein  is  a  reddish-brown,  uncrystallisable  soUd,  differing  in  aspect  according  to 
the  state  in  which  it  is  examined.  Its  taste  is  slightly  bitter.  It  dissolves  easily  in 
boiling  water,  but  is  nearly  insoluble  in  alcohol,  ether,  and  wood-spirit.  It  yields  by 
analyms  481— 48-5  G,  5*6— 6'4  H  and  6'0^-5-4  N:  (calc  486  C,  5*8  H,  6*4  N,  and 
40-2  0). 

Phlorizein  is  decomposed  by  heat  Fixed  alkalis  gradually  alter  its  colour,  trans- 
forming it  into  a  brownish  substance. 

Phlorizeate  of  ammonium  is  difficult  to  obtain  pure.  The  best  mode  of  preparation  is 
to  place  phlorizin  under  a  bell-jar  above  a  solution  of  carbonate  of  ammonia,  into  which 
fragments  of  caustic  potash  are  thrown  from  time  to  time.  If  care  be  taken  to  avoid 
an  excess  of  ammoma,  a  blue  crystalliBable  substance  very  soluble  in  water  is  some- 
times obtained ;  but  more  frequently  the  product  is  brown-red. 

The  compound  is  decolorised  by  sulphydric  acid,  sulphide  of  ammonium,  and  stannate 
of  potassium,  but  the  decolorised  solution  gradually  resumes  its  blue  tint  on  exposure 
to  the  air.  Thi  solution  of  phlorizeate  of  ammonium  is  likewise  decolorised  by  hydrate 
ot  aluminium,  the  alumina  acquiring  a  blue  colour. 

The  solution  precipitates  salts  of  iron,  zinc^  lead,  and  silver.  The  silver>precipitat6 
is  blue,  and  is  decomposed  by  water. 

»B&OSISnr.  C^B**0^:—Phlorrhi£nn,  Phloridzin  (from  <l>\oi6s,  bark,  and  ^i{a, 
root).  [Stas  and  De  Eoninck  (1835),  Ann.  Ch.  Pharm.  xv.  75. —St as,  Ann.  Ch. 
Phys.  \2]  Ixix.  867. — ^Mulder,  Rev.  Scient  iii.  50.— Boser,  Ann.  Ch. Pharm.  Ixxxiv. 
178. — §  trecker,  ibid»  Ixxiv.  184 . — Gm.  xvi  11.] — Asubetance  existing  readjformed  in 
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the  root-bark  of  the  apple,  pear,  plum,  and  cherry-tree.  It  is  extracted  by  weak  alcohol, 
and  the  alcoholic  solution,  decolorised  by  animal  charcoal,  and  concentrated,  depoaits 
ctyatalfl  of  phlorizin  on  cooling.  The  root-baik  of  the  appl«^tree  ia  the  beat  aonroe 
of  phlorizin,  because  it  oontaina  less  colouring  matter  than  that  of  the  other  trees. 

Phlorizin  crystallises  in  long  silky  needles  or  tofts.  It  has  a  slightly  bitter  taste,  is 
sparingly  soluble  in  cold  water,  but  dissolyes  in  all  proportions  in  boiling  water. 
AIcoKm  and  foood-apirit  dissolve  it  readily,  but  it  is  quite  insoluble  in  ether. 

The  crystals  of  phlorizin  contain  2  at.  water,  C**H*^0i«.2H*0  (analysis^  52'8~63-9  0 
and  60— 62  H ;  ealc.  68*4  C,  6*9  H,  and  40*7  0).  A.t  100®  they  give  off  their  water 
(7*6  per  cent)  and  leave  anhydrous  phlorizin,  C*>H**0**  (anaL  57*4  C  and  6*7  H ; 
calc.  57*8  C  and  5*5  H^  which  melts  at  109^  and  decomposes  at  200^  yielding  a  red 
substance  called  rufin  and  other  products. 

Strong  sulphuric  add  at  60®  or  70^  converts  it  into  a  red  substance  called  rufi-  or 
ratilo-sulphuric  acid.     (Mulder.) 

Bv  prolonged  contact  with  dilute  sulphtiric,  phosphoric^  or  hi/drochlorie  acid  it  is 

resolved  into  glucose  and  phloiretin.    The  same  change  is  induced  by  axalie  aM 

at  90®: 

C«H«0'»  +  H«0     -     C*H««0»  +  CH'K)*. 
Fhlorisln.  GlocoM.         PMoretla 

100  pts.  of  phlorizin  thus  treated  yield  from  41  to  42  pts.  elucose  (calc.  41*3  pts.). 

Strong  nitric  acid  converts  it  into  ozalio  acid  and  nitrophioretin, 
C'*H'«(NO«)0»(?) 

Strong  hydrochloric  acid  converts  phlorizin  into  a  dirty  red,  amorphous  substance 
without  dissolving  it.    (D  e  K  o n  i  n  c k.) 

When  phlorizin  is  triturated  with  ^  of  its  weight  ot  iodine,  a  greyish-violet  mass  is 
formed,  from  which  water  separates  bluMsk  flocks  (Vogel,  N.  Br.  Arch.  zvi.  155). — 
When  phlorizin  is  covered  with  ether  and  bromine  is  cbropped  into  the  liquid,  as  long 
as  it  is  decolorised  thereby,  the  phlorizin  dissolves  completely ;  and  on  evaporating  the 
solution,  boiling  the  residue  with  dilute  sulphuric  acid  (to  decompose  phlorizin^  and 
recryst^Jising,  tetrabromophloretin  (p.  492)  is  obtained  (Schmidt  and  Hesse, 
Ann.  Gh.  Pharm.  cxiz.  105). — Chlorine^  bromine  and  iodms  evolve  heat  frt>m  dry 
phlorizin,  and  convert  it  into  a  brown  viscid  resin  (De  Koninck).  Phlorizin  treated 
with  chloride  of  iodine  yields  only  amorphous  products  (Stenhouse,  Ann.  Ch.  Phaim. 
czzxiv.  218). 

Alkalis  dissolve  phlorizin  without  alteration,  and  the  solutions  are  permanent  in  the 
air.    Boiling  potash  produces  a  black  substance. 

Phlorizin  absorbs  11  or  12  per  cent  of  dry  am«fion«a-^i»,  and  the  product  exposed  to 
the  air  gradually  assumes  an  orange  then  a  red  tint^  ultimately  becoming  dark  blue, 
and  then  consists  of  phlorizeate  of  ammonium  Tp.  493). 

Phlorizate  of  Barium  is  obtained  by  mixing  the  solutions  of  phlorizin  and  baryta  in 
wood-spirit  A  precipitate  is  then  formed  which  loses  its  alkaline  reaction  on  exposure 
to  the  air,  and  becomes  brownish-red,  yielding  carbonic  anhydride,  acetic  acid,  and  a 
peculiar  colouring  matter.  It  appears  to  contain  C**H^O'*JBa''0.  (anaL  40*8  C,  4*1  H, 
and  29-8— 80*2  BaO;  calc  42*8  C,  41  H,  and  25*8  BaO). 

Phlorizate  of  Calcium  appears  to  contain  2C*^H*«Oi".8Ca"H*0*  (anaL  15*2—14  per 
cent  lime;  calc.  15*3.)  It  is  obtained  by  evaporating  a  solution  of  phlorizin  or 
lime-water.    By  exposure  to  the  air,  it  is  decomposed  like  the  barium-compound. 

Phlorisate  of  Lead  appears  to  contain  (^H^0*«.3Pb"0  (anaL  24*9  C,  21  H,  and 
59*2—60*0  PbO ;  calc.  22*7  C,  21  H  and  60*6  PbO).  It  is  produced  as  a  whitA  pre- 
cipitate on  adding  banc  acetate  of  lead  to  a  boiling  solution  of  phlorizin,  the  latter 
being  in  excess. 


r.   C'H'O'.    (Hlasiwets,  Ann.  Ch.  Pharm.  xevL118;  cxu. 
96 ;  czix.  199. — Gm.  xv.  65.) 

Formation^ — 1.  Phloretin  boiled  with  potash-ley  is  resolved  into  phloretic  acid  and 
phlorogludn. — 2.  Quereetin,  under  the  same  ciroumstances,  is  resolved  into  quereetic 
acid  and  phlorogludn.    According  toHlasiwets: 

Qu«rcettD.  Quereetic       Fhloroglucin. 

acid. 

according  to  Zwenger  and  Dronke  (Ann.  Ch.  Pharm.  ezxiii.  154) : 

3C»«H'»0«  +  HK)     -    C«H»«0»  +  8C«HH)«. 
QuerceUn.  Quereetic  Phloro- 

add.  gluciD. 

S.    Quereetin  in  alkahne  solution  treated  with  sodium-amalgam  is  also  converted 
into  phlorogludn,  together  with  a  colourless  product  difibrent  from  quereetic  acid 
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(Hlasiwets,  Ann.  Ch.Phiu!in.  ccdy.  358). — i.  Morintannic  acid  or  macltirin  (iii.  1049), 
mixed  with  hydrate  of  potassium  and  eTaporated  to  a  pasty  mass,  is  rssolved  into 
pldorogludn  and  piotocatechnie  acid  (Hlasiwets  and  Pfanndler) : 

C"H»H)«    +  H«0     -     C«H«0»  +  CRH>*. 

Morlntaoole  Phloit^         Protocata- 

acld.  gludo.        cbuic  acid. 

Preparation. — 1.  The  mixtnre  of  phlorpglndn  and  carbonate  of  potassinm  obtained 
as  described  in  the  preparation  of  phlozetic  acid  (p.  489)  from  which  all  the  phlore- 
tate  of  potassium  has  been  extracted  by  alcohol,  is  dissolred  in  water ;  dilute  sulphuric 
acid  is  added  in  slight  excess  j  and  the  mass  is  evaporated  to  dryness  over  the  water- 
bath,  and  then  well  boiled  with  alcohol  (better  witn  ether-alcohol).  The  alcohol  is 
distilled  off  and  the  residue  left  to-  eiTstallise,  whereby  strongly  coloured  crystals 
are  obtained,  the  mother-liquor  also  yielding  an  .additional  quantity.  They  are  dis- 
solved in  water,  and  the  solution  is  mixed  with  acetate  of  lead  (which  produces  no 
precipitate),  and  saturated  with  sulphydric  add,  the  predpitated  sulphide  of  lead 
carrying  down  nearly  the  whole  of  the  colouring  matter,  so  that  the  crystals  which 
afterwards  separate  have  only  a  yellowish  tint.  ISj  re-crystallisation  from  ether  and 
afterwards  ttom  water,  they  may  be  obtained  quite  colourless. 

2.  Quercetin  is  added  to  a  hot  concentrated  solution  of  8  pts.  hydrate  of  potassxum, 
the  liquid  evaporated  down  at  the  boiling  heat^  and  the  residue  further  heated,  till  a 
sample  of  it  taken  out  no  longer  yields  a  ilocculent  predpitate  with  hydrochloric  acid, 
but  quickly  assumes  a  deep  m  colour  when  dissolved  m  water.  The  whole  is  then 
immediately  dissolved  in  water;  the  solution,  which  instantly  turns  red,  is  neutraUsed 
with  hydrochloric  add;  and  the  flocks  (of  alplia-quercetin  ana  undeoomposed  quercetin) 
which  are  deposited  from  the  liquid  on  stanning  and  cooling  are  separated  by  filtration. 
The  filtrate  is  evaporated  to  dryness,  the  rendue  exhausted  with  ucohol ;  the  (dcohol 
distilled  off  fi!om  the  brown  tincture ;  the  residue  dissolved  in  water,  and  mixed  with 
acetate  of  lead,  whereby  quercetate  of  lead  is  precipitated,  while  pUorogludn  remains 
in  solution.  The  latter  is  obtained  in  the  crystalline  state  by  removing  the  lead  from 
the  filtrate  with  sulphydric  add  and  quickly  en^xnating;  and  is  purified  by  re- 
crystallisation,  with  help  of  animal  charcoaL 

Properties. — Phlorogludn  separates  from  aqueous  solution  in  hydrated  crystals 
G*H*<>*.2HK),  belonging  to  the  trimetric  system ;  by  slow  evaporation  they  may  be  ob- 
tained of  the  size  of  peas,  and  with  irregular  prismatic  fkces.  Tne  crystals  grate  between 
the  teeth,  effloresce  in  warm  air  and  in  vacuo,  or  more  quickly  at  90^,  giving  off  22*26 
to  22*47  per  cent,  water  (2  at  ^  22*2  per  cent),  and  leaving  anhydrous  phloroglucin. 
The  anhydrous  compound  also  separates  directly  from  solution  in  anhydrous  ether. 
Phlorogludn  is  sweeter  than  common  sugar,  neutral  to  vegetable  colours,  permanent 
in  the  air  at  ordinary  temperatures,  melts  at  about  220^,  sublimes  without  particular 
odour  and  solidifies  on  coming.  It  dissolves  in  water  and  alcohol,  and  readily  in  ether. 
It  is  not  altered  by  hydrochloric  acid;  does  not  predpitate  any  metallic  salt  except 
hatic  acetate  of  lead  with  which  it  forms  the  compound  C*HH>'.2Pb"0.  It  is  coloured 
deep  violet-red  by  ferric  ehloridCy  and  produces  with  chloride  of  lime,  a  reddish-vellow 
colour  which  however  soon  disappears.  It  forms  a  compound  with  potash^  which  gra- 
dually separates  in  red-brown  wps  from  the  alcoholic  extract  of  tlie  product  obtained 
by  boiling  phloretin  with  potash. 

I^eeompoMtions.^  Ammoniacal  phloroglucin  shaken  up  with  air,  becomes  red-brown 
and  aftervrards  opaque.  Phlorogludn  in  concentrated  aqueous  solution  is  converted  by 
6ro»itn«intotribromo-phlorofflucin,  which  immediately  separates  in  the  ciystalltno 
form,  the  liquid  becoming  hot,  ana  emitting  a  highly  tear-exciting  odour.  Ifitric  acid 
dissolves  it  with  brown  colour,  and  converts  it  into  nitrophloroglucin  (p.  496).-^ 
Ammonia  converts  it  into  phloramine,  CH'NO'  (p.  488)^  It  reduces  an  alkaline  solu- 
tion of  cupric  oxide,  like  grape-sugar.  It  reduces  mercurotu  nitrate  when  heated  with 
it  and  likewise  nitrate  of  eiltfer,  with  peculiar  quickness  on  addition  of  ammonia. 
With  chloride  of  acetyl,  chloride  of  benzoyl,  &&,  it  forms  substitution-products,  p.  496). 

JkrivoHvee  of  Phloroglucin,. 

TrllNroiiiopblofofflift«la«  C^*Br*0*.  (Hlasiwets,  Ann.  Ch.  Pharm.  xevi. 
118.) — Produced  by  ^pping 'bromine  into  concentrated  aqueous  phlorogludn  tiU  the 
colour  of  the  bromine  is  no  longer  destroyed,  and  the  liquid  has  solidified  to  a  crystalline 
pulp;  the  product  is  then  collected  on  a  filter,  washed  with  cold  water,  and  recrystal- 
used  from  boiling  water  with  belp  of  animal  diaarooal. 

It  crystallises  from  water  in  long  needles  (mortly  brownish),  horn  alcohol  in  con- 
centrically united  prisms,  containing  C*H'Br'0*.3HH),  which  give  off  their  water  in 
warm  air,  or  at  100^,  and  are  reduced  to  anhydrous  tnbromopMorogludn.    The  com* 
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pound  diflsolTes  very  slightly  in  cold,  more  freely  in  boib'ng  water,  bnt  appears  to  be 
partly  decomposed  by  continued  boiling.  It  dissolves  Yeiy  readily  in  alcohol,  and  with 
brown  colour  in  aqueous  alkalis  and  aULsliue  carbonates. 

VltropUorofflaelii.  C*H*NO*  »  C^*(NO*)0'.  (Hlasiwetz  and  Pfaundler, 
Aiin.  Ch.  Pharm.  cxiz.  199.) — ^When  phloroglucin  is  added  by  small  quantities  to  some- 
what dilute  nitric  acid  moderately  heated  and  kept  at  a  uniform  temperature,  a  deep 
red  solution  is  formed,  which  deposits  the  nitro-compound  in  small  nodules :  by  reeiys- 
tallisation  from  hot  water  it  may  be  obtained  in  reddish-yellow  shining  BcaleB  and 
laminie,  having  a  slightly  bitter  taste.  It  is  slightly  soluble  in  water,  forming  a  yellow 
solution. 

Aoe^l^^bloroglaolii.  C*'H"0«  -  G^'(C*H"0)*0*?  (Hlasiwets  and 
Ffaundler,  Ann.  Ch.  Pharm.  ezix.  201.) — Chloride  of  acetprl  acts  on  phloroglucin  even 
at  mean  temperatures,  and  at  higher  temperatures  converts  it,  with  evolution  of  hydro- 
chloric acid,  into  a  white  ciystalline  mass  of  the  acetyl-compound  which,  after  the 
excess  of  chloride  of  acetyl  has  been  expelled,  may  be  recrystaUised  from  alcohoL  It 
forms  small  colourless  prisms  which  give  off  acetic  acid  when  heated,  and  are  insoluble 
in  wat«r.  Its  rational  formula  is  deduced  from  the  analogy  of  benzoylphloroglucin, 
analysis  giving  no  means  of  determining  whether  1,  2,  or  8  at  acetyl  have  entered  into 
the  phloroglucin  in  place  of  hydrogen,  inasmnch  as  aU  three  products  would  have  the 
same  per-centage  composition.    (HI  asiwets.) 

BenMoyl-pHlorofflnoliu  C^H**0*  -  C^CHH))"0*.  (Hlasiwets  and 
Ffaundler,  ^.  cit.) — ^P^oduced  by  the  action  of  chloride  of  benzoyl  on  phloroglucin, 
and  purified  by  boiling  with  alcohol,  in  which  it  is  nearly  insoluble.  Crystallises  in 
small,  white,  shining  scales. 

PBXiOmova.  CH*0*.  (Rommier  and  Bouilhon,  Compt  rend.  It.  214.)— 
This  compound,  homologous  with  quinone  (CH^O'),  is  produced  by  distilling  2  pts.  of 
coal-tar  creosote  (the  portion  of  crude  carbolic  acid  boiling  between  196°  and  220°), 
and  3  pts.  oil  of  vitriol  in  a  capacioys  retort^  adding  chromate  of  potassium  (or  better, 
peroxide  of  manganese)  from  time  to  time.  A  yellow  distillate  is  thus  obtained  mixed 
with  yellow  drops  which  quickly  solidify,  and  may  be  purified  by  pressure  between 
paper  and  reciystallisation  from  water  at  60°.  It  forms  splendid  yellow  flexible  needles, 
soluble  in  alcohol,  only  slightly  soluble  in  cold  water,  and  smelling  like  quinone.  It 
melts  at  60° — 62°,  and  volatilises  with  vapour  of  water,  part  of  it'however  being 
blackened  and  decomposed  at  the  same  time. 

The  solution  of  phlorone,  like  that  of  quinone,  is  turned  brown  by  alkalis,  and  then 
yields  a  brown  flocculent  precipitate  with  acids.  Phlorone  is  decolorised  and  reduced 
by  sulphurous  add,  yielding  a  very  soluble  crystalline  body,  probably  homologous  with 
hydroquinone ;  it  does  not  act  on  polarised  light. 

Metaphlorone.  This  is  a  less  soluble  isomeric  modification  of  phlorone^  which 
remains  behind  when  phlorone  is  dissolved  in  water  at  60°,  but  crystallises  m  small  needles 
from  water  at  90°.  It  melts  at  126°,  dissolves  in  hot  water  somewhat  more  readily 
than  in  cold,  and  behaves  to  adds  and  alkalis  like  phlorone. 

VBOCBMIO  AOI9.    Syn.  with  DBLPRnno  Acm  (il  S09). 

raocawili  or  FSOOawnr.    Syn.  with  DuFHZN  (iL  809). 

PBIBWICnr.  Syn.  with  Sulfhofhckotcio  Acm.  See  Ihdioo-sulfburio  AciDf 
(iii.  261). 

PB4BVXOITB  or  PBCDRXOOBBOXTB.  Syn.  withMsLOifACHBOin  (ill  866). 

FBO&BBITB.  A  kind  of  day,  not  differing  much  from  Kaolin  in  compodtion, 
but  occurring  in  soft,  white  nacreous  scales.  Specific  ^vity  2*36 — 2*67.  InAidble. 
Occurs  at  Fins  in  the  dept.  of  Allier,  and  at  Bive  de  Gier,  dept  de  la  Loire,  France, 
filling  fissures  in  nodules  of  iron  ore  in  the  coal  formation  ;  also  at  Cache- Aprte,  at 
Mons  in  Belgium  ;  with  emerv  at  Naxos,  and  with  diaspore  at  Schemnitz  (Dana);  in 
fissues  of  the  bluish-grey  sandstone  of  Lod^  in  Hiranlt  (Fisani)  near  FVdberg^  &c 
(R  Muller,  Jahresb.  1861,  p.  1003.) 

Syn.  with  Clinkstokb  (i.  1026). 

or  Pseudomorpkine,    See  "MxaamxE  (iiu  1061). 

Syn.  with  Cakfhobokb  (r.  733). 

PBOSaXBB.  Syn.  with  Oxtchloside  of  Cabbon  or  Cslobidb  ov  Caxbohtl 
(i.  774). 

Chlorocarbonate  of  Lead  (iii  339). 

ACXDm    One  of  the  adds  whidi  Zdse  obtained  by  the  action 
of  phosphorus  on  acetone  (i  28), 
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9S08VHAM.  PEN".  (H.  Rose.  Pogg.  Ann.  xxriiL  529.— Gerhard t,  Ann, 
Ch.  Phys.  [3]  xviii.  188.— Schiff,  Ch.  Pharm.  eiii  188.)— This  componnd  is  the 
nitrile  of  phosphorie  add,  its  relation  to  that  add  bdi^  similar  to  l:hat  of  aoetonitrile 
toaoetieadd: 


C«H^O»     + 

NH»    -     2H»0 

-      0«H«K. 

Arctic  acid. 

Acetoniirilo. 

PH»0*      + 

2NH»    -     4H«0 

-       PHN^. 

Phosphoric  acid. 

PllOSphAIB. 

It  IS  obtained :  1.  By  passing  ammonia-gas  oyer  pentadiloride  of  phoephoms,  and  heating 
the  prodact  in  a  stream  of  oarbonic  anhydride  (H.  Rose).  According  to  Rose  the 
oomponsd  thus  formed  is  a  dinitride  of  phoephoms,  PN';  bat  according  to  Cterhardt  it 
has  the  oompodtion  above  given,  its  formation  taking  place  as  shown  by  the  equation : 

pa*     +     2NH»       -.      6Ha     +     PHN». 

2.  By  satnratiiig  phosphoric  anhydride  as  completely  as  possible  with  ammonia-gasi 
and  heating  the  product  in  a  dry  cnrrent  of  that  gas  (Schiff): 

P»0»     +     4NH"       -      2PHN»     +     6H«0. 

On  treating  the  product  with  cold  water,  phosphoric  add  dissolves,  and  phospham 
remains. 

Phospham,  prepared  by  the  flzst  process,  is  a  bulky  powder,  white  if  moisture  has  been 
carefully  excluded  during  its  preparation,  reddish  in  the  contraiy  case;  as  obtained  by 
the  second  process  it  is  yeUowish-red.  When  heated  in  a  close  vessel  it  neither  fuses 
nor  volatiliMS.  Water  decomposes  it  at  a  high  temperature,  forming  ammonia  and 
pho^hoiic  add,  and  it  is  decomposed  in  like  manner  by  fiidon  with  hydrate  of 
potasdum. 

VBOBVBAIOC  JLCOB.    PH'NO*  -  (PO)"  >q.— This  compound  is  produced, 

M     ) 

according  to  Schiff  (Ann.  Ch.  Pharm.  ciii.  168),  by  the  action  of  ammonia-gas  on 
phosphoric  anhydride,  according  to  the  equation : 

P«0»     +     2NH«      -       2PBPN0*     +     HH), 

also  by  the  action  of  water  on  chloronitride  of  phosphorus : 

NPa«     +     2H»0       -      PH«NO»      +     2HCL 

Gladstone,  however  (Chen.  Soc  J.  zviL  2291  has  shown  that  the  product  fbnned  in 

both  these  reactions  is  pyrophosphodiamic  add,  P'N*H*0*  -  (P*0')t*  >q»  according 

to  the  equations: 

PH)»     ■¥     2NH»      -      P«N*HK>». 
2N»PH31«     +   16H«0       -     3P«N»H«0»     +     12HCL 

(See  Ptbopkosphaiiio  Acms.) 

cw  In 

Phenyt-photphamic  acid^  (PO)^  Tq. — ^Aniline  acts  strongly  on  phosphoric  anhydride, 

apparently  producing  this  compound  (Schiff)  [or  perhaps  phenyl-pyrophosphodiamic 
acid]. 

VBOByKAMZSBO.  These  are  compounds  formed  f^m  one  or  more  molecules  of 
ammonia,  by  the  substitution  of  phosphatyl,  PO,  for  3  atoms  of  hydrogen.  (Gerhardt^ 
Ann.  Ch.  Phys.  [3]  zviii.  188. --vQ.  Schiff  Ann.  Oh.  Pharm.  cl  800.) 

1.  Pko9phomonamide,V(BOy.   (Gerhardt's  ^tpAospAamufe.)— This  compound, 

which  contains  the  elements  of  mono-ammonic  phosphate  minus  3  at  water  [PH'''(NH*) 

O*  —  3H*0],  is  obtained  by  heating  phoephodiamide  or  phosphotriamide  without  access 

of  air: 

•     N«H"PO     -    NH«       -      NPO. 
Photphodi- 
amide. 

N'H«PO     -     2NH*     -       NPO. 

Photpho-triamtde. 

It  is  a  pulverulent  substance  resembling  phospho-triamide  in  its  reactions,  but  still 
more  difficult  to  decompose. 

2.  Pkotpkodiamide,  ^^^i}  |n*.    (Gefhardt's  P%08phamid$.)~^This  amide  which 

may  be  regarded  as  diammonic  phosphate,  PH(KH*)*0^,  minus  3  at.  water,  is  produced : 
1.  By  saturating  pentachloride  of  phosphorus  with  ammonia-gas,  whereby  the  so-calle4 
Vol.  IV.  K  K 
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elUorophotphamide,  N*H^PC1',  appean  to  be  first  fonned,^  and  boiliiig  this  product  with 
irater: 

PCI*  +     4NH«       «      N'H-PCl'     +     2NH*a 

and  N»H<Pa"    +       H*0       -       N«H«PO       +     8HCL 

The  product  is  pnrified  by  boiling,  first  with  caustic  potash,  then  with  nitric  or  sul- 
phiinc  acid,  and  finally,  by  washing  with  watar.  It  is  a  white  powder,  insoluble  in 
water,  alcohol,  and  oil  of  turpentine.  When  heated  without  access  of  air,  it  gives  off  am- 
monia, and  leaves  phosphomonamide ;  but  if  moisture  be  present,  it  yields  ammonia 
and  metaphosphoric  acid.  Fused  with  hydrate  of  potassium,  it  ^ves  off  ammonia  and 
leaves  phosphate  of  potassium.  It  resists  the  action  of  most  oxidising  agents ;  but  is 
slowly  oxidised  by  ftasion  with  nitre,  and  defiagrates  with  chlorate  of  potassium. 

liebig  and  Wohler,  who  discovered  this  compound,  supposed  it  to  be  a  hydrate  of 
•phosphide  of  nitrogen,  FN*.H.*0. 

8.  Phosphotriamide,  ^^/  {n»  »  P(NH*)K)«  -  8HH).— When  diyammoniacal 

(gas  is  slowly  passed  into  ozychloride  of  phosphorus  (chloride  of  phosphatyl,  POCP), 
and  the  product  afterwards  treated  with  water,  a  solution  of  sal-ammoniac  is  obtained, 
tpgetherwith  a  snow-white,  amoiphous  insoluble  substance,  which  is  phoephotriamide: 

POCl*  +  6NH»     »     8NH*a  +  N»H«PO. 

This  compound  is  scarcely  attacked  by  continued  boiling  with  water,  potash-ley,  or 
dilute  acids.  It  is  veipr  slowly  decomposed  by  boiling  with  strong  nitric  or  hydro- 
•chloric  add,  more  readily  by  aqua-regia.  Strong  sulphuric  or  nitro-sulphuric  acid 
dissolves  it  easily  at  a  gentle  heat,  forming  a  solution  whidi  contains  ammonia  and 
phosphoric  add.  It  is  not  completely  decomposed  by  heating  with  soda-lime.  When 
fused  with  hydrate  of  potassium,  it  gives  off  a  large  quantity  of  ammonia,  and  leaves 
phosphate  of  potassium.  Heated  alone,  out  of  contact  of  air,  it  also  gives  off  ammonia 
and  leaves  phosphomonamide^,  which,  on  being  heated  with  potiuh,  evolves  moro 
ammonia  and  leaves  phosphate  of  potassium. 

Tnphmyl-ph(aphotriamide,(C^yyH'^  is  obtained  by  the  action  of  anhydrous  ani- 

H»    j 
line  on  ozjrdiloride  of  phosphorus ;  it  is  a  white  mass,  more  easily  decomposible  than 
phoephotriamide. 

(POD 

IVint^hihlfl-pko9photriaimMe,(C^*K^YyS*,  is  obtained  in  like  manner  by  the  action 

H»    j 
of  naphthylamine,  (C^*B7)H*N,  on  o^nrchloride  of  phosphorus. 

Sulphopkotphoiriamide,  ^  ^;  >N*,  is  obtained  by  treating  sulphochloride  of  phos- 
phorus, PSGl',  with  ammoniacal  gp ;  it  is  also  a  white  mass,  which  is  decomposed  by 
water,  with  evolution  of  sulphydnc  add  gas. 

(PSr-j 
Tr^kenyl-ntlphophosphotriavude,  (OH»)«l.N«;  is  obtained  in  like  manner,  by  the 

H'    ) 
aotion  of  aniline  on  sulphochloride  of  phosphorus.     (Schiff  Ann.  Ch.  Pharm.  d. 
800.) 

on  the  mixed  type,  ^«p  [  ;  fw  ex- 

(C^r)^ 

hmple,ethyleM'tHnutisfl'iHetkyl-phosphammoniumf    (CB.*)*r^ 

(C«H*)»3^- 

»BO0»BAirnb-vmzaTn%iuBc  and 

SVM.      (See  PaOSFKOBVS-BASBS.) 

^ROSFKAJn&IO  AOSD.    Syn.  with  PHBNTL-FHOSFSAiac  AczD  (p.  497). 

3^"0»MAWT1M0WX0  ACIB.  This  name  is  applied  to  the  solution  obtained 
by  dropping  pentachloride  of  antimony  into  aqueous  phosphoric  add.  It  predpitates 
certain  alkaloids,  morphine,  naicotine,  nicotine,  See, 

wmomnUkMBOMUrmUL    Bases  formed  on  the  mixed  tvna.  ^W^  I 


Bases  formed 


Bases  formed  on  the  mixed  type,  ^gi^f,  e.g.HhyU 
ene-hexethyl-phoipharsonium,  /^m»\«[?-. 

*  The  action  of  ammonia  on  pentachloride  of  phoiphonit  U  complicated,  tevera]  Drodocta  beinc 
formed,  one  or  which  la  ehloronitrlde  of  photphonUpF*M>Cl<.  r         ^  r  » 
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lOB9MJLTMMm    See  Pho8PBObv8^  Oxidss  akd  OxTOBN-Acn>8  ow, 

VBOSFBATIC  JBLCZDm  ffypophospkoric  acid.  Pelletier's  Phospiorous  acid. — 
These  names  are  applied  to  the  syrupy  mixture  of  phosphoric  and  phosphorous  adds 
produced  by  the  slow  combustion  of  phosphorus  in  moist  air.  A  conTenient  way  of 
preparing  it  is  to  introduce  a  numb<>r  of  separate  sticks  of  phosphorus  into  gflass 
tubes  an  inch  long,  open  above  and  below,  but  drawn  out  funnel-shape  at  the  bottom, 
these  tubes  being  annulled  in  a  funnel,  and  the  funnel  inserted  into  a  bottle  which 
stands  in  a  dish  contaimng  water.  The  whole  arrangement  is  oorered  with  a  bell-jar, 
but  in  such  a  manner  as  to  give  access  to  the  external  air,  which  howerer  should  not 
be  vezy  warm,  as  in  that  case  the  phosphorus  may  melt  and  take  lire.  The  add  which 
collects  in  the  bottle  is  equal  to  three  times  the  weight  of  the  phorohorus  consumed, 
but  may  be  obtained  in  a  more  concentrated  state  by  evaporation.  It  is  a  mixture  of 
about  1  at  phosphorous  add  to  4  at  phosphoric  add. 

VBOSrBBTRIO  ACZll.  The  name  given  by  Zeiss  (Ann.  Ch.  Pharm.  zli.  31) 
to  an  add  which  he  obtained  by  the  action  of  finely  divided  phosphorus  on  ether. 

^^^^^^^^^^^^^^^^^^.  ^^^y^g  {       See  PH08PH0BT78-BA8B8. 

WMWnwnVBM,  Compounds  of  phosphorus  with  more  basic  elements  or  com- 
poond-radidee.  The  phosphides  of  hydrogen  have  been  already  described  (iii.  199) ; 
also  the  general  characters  of  the  metallic  phosphides  (iii.  941);  for  the  special 
descriptions,  see  the  several  metals.  The  phosphides  of  the  alcohol-radicles,  e.g.  tri- 
ethyl-phosphine  (CH*)7,  will  be  described  under  PflosFHOBUs-BAsas. 

raOSVHXTBS.    See  Phosphorus^  OxTcmr-Aoms  of. 

>HO»y HO^B WX  B  MTO  AOm.  An  add  produced  bj  the  action  of  phos- 
phoric anhydride  on  oil  of  bergamot  (i.  681). 

raosraoCBBira.    Native  phosphate  of  cerium.    (See  Phosphatis.) 

raQSVBOCXASiOITBi  Native  hydrated  cupric  phosphate.  (See  Pbosphatm.) 

VKOSraoO&TOaKZO  ACZll.    Syn.  with  Qxtobbophosfhobio  Aon>  (ii  891). 

»BOS»SO-ST]>SOQVZVO»IO  AOIB.  G*HTO*.  (See  Dxbivatives  or 
HTDBOQTTZiroifi,  iiL  217.) 

^»S^MSir^!^!irV^!!ayMi^iw»^Tr,fffBf ,  {     ^^  Phosphobtjs-basis. 

VBOSPBOXO&TBSZO  JLOm.    See  MoLTBDunnc  (iii  1037). 
VBOavaoxascnnroa.    See  Light  (iii.  690,  682). 
raOAnosZO  ACTB,^^  j     g^  Phosphobus.  Oxtobi-acim  op. 

[OBZTB.    A  massive  radiated  variety  of  apatite  (L  348),  chiefly  obtained 
ttom  Estremadura  in  Spain  and  SchlackenwaM  in  Bohemia. 

FBOSFBOBOCSAIbOZTa*  A  variety  of  hydrated  cupric  phosphate.  (See 
Phosphatml) 

VBOBVBOBOSAimBS.  Amides  in  which  8  at  hydrogen  are  replaced  by 
1  at  phosphorus.  Trichloride  of  phosphorus  absorbs  8  at  of  ammonia,  forming  a 
white  mass  of  sal-ammoniae  and  phosphoroso-triamide,  N'Q'P*: 

pa*  -I-   6NEP     -     3NH*C1   +   N«H«P. 

This  mass  when  heated  out  of  contact  with  the  air,  gives  off  ammonia  and  sal-ammo- 
niac, leaving  a  yellowish  amorphous  residue  which  has  been  described  as  a  phosphide 
of  nitrosen,  but  which  in  all  probability  is  a  mixture  of  phosphoroso-aiamide^ 
N'H'P^  and  phosphoroso-monamide,  NP*. 

VBOSVBOBOini  ACIB  AJTO  WTMMBBm    See  Phosphorus,  OxTOsy-Acros 

OP. 


[OBVBOBOS.  Aiamie  weight  31.  Symbol  P.  Combining  volume^.  Vapour- 
density,  by  calculation  «  62  referred  to  hy<&ogen  as  unity,  4284  referred  to  air ;  by 
observation,  62*1  and  4*35. 

This  element  though  very  widely  di0used  in  water,  is  never  found  in  the  uncombined 
state,  but  almost  always  in  the  form  of  a  metallic  phosj^hate,  and  chiefly  as  phosphate 
of  caldum,  which  forms  the  principal  constituent  of  apatite,  phosphorite,  coprolites^  &c. 
Combined  phosphoric  add  is  also  found,  though  in  very  minute  proportions,  in  most  of 
the  primitive  rMks,  and  in  soils  produced  by  their  disintegration,  whence  it  is  taken  up 
by  plants,  accumulating  chiefly  in  the  seed.    From  the  vegetable  it  passes  into  the 

X  k2 
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animal  kingdom,  where  it  exists  in  the  buvest  proportion.  It  is  found  in  the  blood,  in 
the  urine,  in  all  the  soft  tissues,  especially  the  nervous  tissue,  and  in  the  bones,  of 
which  indeed  phosphate  of  calcium  constitutes  the  chief  earthy  constituent.  Traces  of 
phosphoric  acid  have  also  been  found  in  the  water  of  springs  and  rivers,  and  according 
to  Barral  (Compt  rend.  IL  769)  in  rain-water. 

Phosphorus  was  discovered  in  1669  by  Brandt  of  Hamburg,  who  obtained  it  by 
distilling  the  residue  of  evaporated  urine  with  charo>al.  Gahn  in  1769  showed  it  to 
be  a  constituent  of  bones,  and  Scheele,  six  years  later,  founded  on  this  observation  a 
process  for  tbe  extraction  of  phosphorus  from  bones,  namely  by  digesting  white-burnt 
bones  for  several  days  with  oilute  nitric  acid,  removing  the  lime  by  sulphuric  acid, 
evaporating  to  a  syrup,  and  distilling  with  charcoal  powder.  This  process  was  simpli- 
fied by  Nicolas  and  Pelleti  er  (J.  Phys.  xi.  and  xxviii.)  who  decomposed  the  bone- 
ash  directly  with  sulphuric  acid;  and  Fourcrov  and  Vauquelin  (J.  Pharm.  i.  9) 
afterwuxls  determined  the  exact  proportion  of  sulpnuric  acid  required  for  the  complete 
decomposition  of  the  bone-earth.  ^ 

Bone-earth  consists  mainly  of  tricalcic  phosphate  Ga'P'O*.  Now  earthy  and  alkaline 
phosphates  containing  8  atoms  of  metal  are  not  decomposed  by  ignition  with  charcoal,  but 
phosphoric  add  and  anhydride  are  completely  reduced  by  1ms  treatment,  while  the 
metaphosphates,  which  may  be  regarded  as  compounds  of  trimetallic  phosphates  with 
phosphoric  anhydride  («.^.3CaP*0«  -  Ca«PK)«  +  2P«0»),  are  partially  reduced.  The 
first  step  therefore  in  the  manufacture  of  phosphorus  consists  in  the  production  of  calcic 
metaphoephate. 

Bones  are  burnt  to  a  white  ash  which  is  finely  powdered  and  mixed  with  a  quantity 
of  dilute  sulphuric  acid  sufficient  to  abstract  two-thirds  of  the  calcium  from  the  calcic 
triphosphate  and  to  decompose  the  whole  of  the  calcic  carbonate  contained  in  the  bone- 
ash.  About  3  pts.  bone-ash  and  2  pts.  strong  sulphuric  acid  mixed  with  18  pts.  water 
are  the  proportions  generally  employed : 

Ca"PH)«  +  2H^0*     -     Ca'^<P«0«  +  ^CaTSO*. 

After  subsidenee,  the  soluble  monocaldc  phosphate  (superphosphate  of  lime)  is  strained 
and  pressed  from  the  insoluble  gypsum,  which  is  slightly  washed  with  water.  The 
washings  are  added  to  the  phosphate  solution,  which  is  Uien  evaporated  to  a  syrup,  mixed 
with  alK>at  one-fourth  its  weight  of  charcoal  powder,  and  heated  gradually  to  aull  red- 
ness in  an  iron  pot»  stirring  all  the  time.  By  this  means  the  basic  water  of  the  mono- 
calcic  pho^hate  is  drawn  of^  and  a  porous  mixture  of  charcoal  and  metaphosphate  is 
obtained : 

Ca'H*P«0*     -     CaTW  +   2H«0; 

and  on  distilling  this  mixture  at  a  bright  red  heat^  phosphorus  is  set  free  and  passes 
over  in  vapour,  which  may  be  condensed  under  water;  carbonic  oxide  also  escapes  and 
tricalcic  ynosphate  is  reproduced  and  remains  behind : 

8Ca'T«0«  +  €»•     -     Ca«PK)»  +   lOCO  +  P*. 

By  mixing  sand  with  the  charcoal-paste,  as  recommended  by  Wo  hi  er,  the  whole  of 
the  phoi^homs  may  be  expelled,  the  cidcic  phosphate  being  entirely  converted  into 
silicate: 

2CaTK)«  +   2SiO«  +   C'«     -     2Ca''SiO«  +   lOCO  +  P*. 

The  distillation  is  performed  in  an  earthen  retort  a  (fig,  735),  which  is  coated  ex- 
temallv  with  a  thin  paste  consisting  of  a  mixture  of  equal  parts  of  borax  and  fire-day 
to  render  the  retort  less  porous.  The  heat  is  slowly  raised  to  ftdl  redness,  and  the 
phosphorus,  which  rises  in  vapour,  is  conveyed  by  a  wide  copper  tube,  bent  as  at  6,  so  as 
to  dip  into  water  contained  in  a  vessel  provided  with  a  smaller  tube  for  conveying 
the  uncondensed  gases  into  a  chimney.  The  phosphorus  condenses  in  yellow  drops 
which  sink  to  the  bottom  of  the  water,  without  coming  in  contact  with  the  air.  On 
the  large  scale  a  number  of  retorts  containing  the  mixture  are  heated  in  a  galley-f\imace. 

According  to  calculation  the  yidd  of  phosphorus  by  the  method  above  described  (not 
using  sand)  should  amount  to  11  per  cent  of  the  bone-ash,  and  in  carefully  conducted 
operations  this  amount  is  in  fact  obtained,  but  the  average  yield  does  not  exceed  8  per 
cent,  the  loss  arising  prindpally  fW)m  difficulties  in  the  process  of  distillation.  The 
consumption  of  fuel  is  also  very  laree,  and  the  cost  of  the  process  is  greatly  increased 
by  the  frequent  breakage  of  the  ear^en  retorts.  It  has  not  yet  been  found  possible  to  ob- 
viate these  inconveniences  in  the  process,  and  accordindy  the  efforts  of  manufacturers  have 
rather  been  directed  to  make  up  for  the  unaroidable  losses  involved  in  the  preparation 
of  phosphorus,  by  a  judicious  application  of  the  secondary  products,  especially  by  mi^ng 
use  of  the  animid  matter  of  the  bones,  which  was  formerly  allowed  to  bum  away. 

With  this  Tiew  the  bones  are  first  fireed  from  fat  by  boiling  them  with  water  and 
skimming  off  the  liquid  fat  which  fioats  on  the  surface ;  this  fat  may  be  used  for  the 
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preparation  of  Mop,  The  bancs  ua  then  eithnr  mbjected  lo  the  action  oT  aaperi)e«tsd 
■triiim  wherplij  the  gclatinonfl  matter  is  ^xtractco,  and  the  romauiiag  carthj  mattor 
after  being  dried  and  ealciaed,  is  nied  for  the  pnpanition  of  pboaphtnna  aa  above  da- 


Bcribed ;  or  they  an  tnated  irith  dilute  hydrochloric  acid,  which  diaaolvu  out  the  earth; 
matter  and  learea  the  eartibiaiaoiu  mbaUnce  in  a  itate  aTailable  tor  the  preparation 
of  Dclatin;  and  tbe  acid  aolatioa  it  precipitated  with  milk  of  lime,  or  better  with  crude 
carbonate  of  ammonia,  whereby  tricalcic  phoephate  ia  obtained,  to  be  used  an  aboTc. 

Another  mode  of  operation  coDBiatain  (rabjecting  the  boneatodestmctiiedigtilUtioQ, 
whereby  ammonium-salts  and  bone-charcwl  are  ohtoined.  The  latter  is  either  fint 
uied  in  the  refining  of  mgar,  and  aflei  it  has  become  nnavnilable  for  this  purpose,  cal- 
cined for  the  preparation  of  phosphoma ;  or  it  is  pnrifled  by  eihauatian  with  hot  hydro- 
chloric add,  and  the  solution  separated  &om  the  pnrifled  charcoal  («o)r  purifii)  ia 
tranaformed  as  above  into  tricalcic  phosphate. 

Of  late  yeara,  proceseea  of  manofacture  have  been  ptvposed  which  diapeoae  with  the 
necemity  of  decomposina  the  bones  with  Bolphnric  and.  Fleck  (Po!yt«okn.  Centralbl, 
ISfifi,  p.  881;  Fhorm.  JT  Trans,  iri,  173)  maccratea  the  bones  with  dilnts  hydrochloric 
acid,  and  eraporatea  tbe  decanted  solution  to  such  a  decree  of  eoneentration,  that  on 
enoUng  it  deposits  cryatals  of  acid  pbosphate  of  calcium.  This  salt,  after  being  &eed 
from  mother-liquor  by  pressore  between  porous  stones,  ia  mixed  witt  a  fourth  part  of 
its  weigbt  of  wood-charcoal  and  distilled. 

"iry-Mantrand'(Campt.  rend,  iixti.  BM)  passes  hydroohlorie  add  gas  oi 

are  of  boae-phomhate  and  charcoal  al  I '        '    '      '  "' 

phoras  ia  set  free  and  chloride  of  csldom  n 

CiTK)"   +  C  +   BHCa     -     iCa'Cl*  +   SCO   +   H*  +  P". 
Thia  mixture  is  introdnced  into  flre-clay  cylinders  open  at  both  ends,  laid  boriiontal^ 

in  a  furnace,  connected  at  one  end  with  an  apparalna  foe  geoerating  hydroehtono 
add  gaa,  and  provided  at  the  other  with  eo^wr  adaptera  dipping  into  receivers  con- 
taining water.  At  the  close  of  an  operation,  the  residue  of  chloride  of  calcium  luid 
charcmj  may  be  removed  from  the  eytindere  and  a  fresh  ehar;^  introdnced,  without 
putting  ont  the  fire.  The  chloride  of  ealcinm  may  be  decomposed  by  solphuric  add.  so 
«a  to  yield  hydrochloric  add  for  the  next  operation.  It  does  not  appcsj  however  that 
either  thia  or  the  preceding  process  haa  yet  been  adopted  on  the  manufitdnring  scale 
tbe  old  process  by  Nicolas  and  Felletier  being  that  which  ia  invariably  used. 

Purt&a/ion.— The  emdephosphoma  obtained  by  the  fint  distillBtioD  is  <WDtaminat«d 
with  oddea  of  phosphonia,  red  phosphorus,  and  other  substances  which  give  it  a  red  or 
brown  colour.     It  is  purifled  t ' — '-'  ■"'—■- •' •■  ">—""'"- 
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abandoned  as  too  slow.  The  purification  of  phosphorus  by  redistillation  is  simpler, 
bat  is  attended  with  some  loss  and  involves  a  considerable  expenditure  of  fueL 

In  most  manufactures,  the  purification  of  phosphorus  b  now  successfully  and  econo- 
mically effected  by  treating  the  crude  product  with  sulphuric  acid  and  chromate  of 
potassium,  as  first  suggested  by  Wo  hi er.  For  this  purpose  a  mixture  of  chromate  of 
potassium  and  sulphuric  acid  is  added  to  the  melted  mass  of  crude  phosphorus.  The  red 
phosphorus  appears  then  to  be  oxidised  first,  and  the  impurities  rise  to  thesurftice  in  the 
form  of  a  scum,  while  the  pure  phosphorus  remains  colourless  and  transparent  at  the 
bottom  of  the  TesseL 

Movlding. — ^Phosphorus  is  frequently  sent  into  the  market  in  sticks.  This  shape  was 
formerly  giyen  to  it  by  drawing  tiie  melted  phosphorus  into  plass  tubes  with  the  mouth, 
care  being  taken  to  keep  ihe  upper  part  of  the  tube  filled  with  water.  This  dangerous 
method  has  howeyer  been  entirely  superseded  by  the  following,  devised  by  Seubert 
(Ann.  Gh.  Pharm.  xlix.  346). — ^The  [mosphorus  is  liquefied  in  an  ellipticid  or  conical 
vessel  containing  water,  which  is  kept  exactly  at  the  melting  point  of  phosphorus  (44®  C. 
or  11 1°  F. ).  From  tiie  bottom  of  this  vessel  there  proceeds  an  elbow-tube^  connected  by 
a  socket  and  stopcock  with  a  horizontal  glass  tube  soldered  into  the  side  of  a  vessel 
containing  cold  water.  On  opening  the  c^sk,  the  liquid  phosphorus  flows  into  the  hori- 
zontal tube,  where  it  solidifies ;  and  by  thrusting  a  copper  wire  a  little  way  into  the 
tube,  allowing  the  phosphorus  to  solidify  around  it,  and  then  gradually  with- 
drawing the  wire  with  the  stick  of  phosphorus  adhering  to  it,  the  melted  phosphorus 
will  continue  to  flow  into  the  tube  and  solidify,  and  may  then  be  drawn  out  into  a  long 
cylinder,  which  may  afterwards  be  cut  into  sticks  of  any  required  length. 

The  same  apparatus  may  be  used  for  the  granulation  of  |>hosphorus.  For  this  ]^ujr- 
pose,  the  vessel  containing  the  horizontal  tube  is  filled  with  cold  water  only  to  just 
below  the  level  of  that  tube,  and  upon  it  i^  careftdly  poured  a  layer  of  warm  water,  a 
thin  board  beins  interposed  to  prevent  the  warm  water  from  at  once  mixing  with  the 
cold.  On  opening  the  stopcock  to  a  moderate  extent,  the  melted  phosphorus  flows  to 
the  end  of  the  horizontal  tube  and  falls  out  in  successive  drops,  whicn  solidify  in  passing 
through  the  cold  water,  and  collect  at  the  bottom  in  grains. 

Phosphorus  may  also  be  granulated  by  agitating  it,  while  in  the  fused  state,  with  a 
warm  liquid  till  it  solidifies.  For  this  purpose,  according  to  Cassarca  (J.  Pharm. 
zvi.  202),  alcohol  of  36°  B.  is  better  adapted  than  water.  According  to  Bottger 
(^Beitrage  eur  Chemie  und  Phyrik.  i.  66 ;  ii.  127),  the  liquid  wliich  reduces  phosphorus 
to  the  finest  state  of  granulation  is  human  urine ;  and  it  derives  this  property  from  the 
urea  which  it  contuns,  so  that  an  aqueous  solution  of  artificial  urea  may  be  used  as  a 
more  cleanly  substitute  for  the  urine.  A  tall  cylinder  an  inch  wide  is  half  filled  with 
a  liquid  of  this  kind,  and  heat  applied  till  the  phosphorus  introduced  into  it  is  melted : 
the  phosphorus  is  then  worked  about  for  two  minutes,  by  means  of  a  twirling  stick 
whicu  passes  through  the  opening  of  the  wooden  cover  of  the  cylinder ;  it  is  thus 
brought  into  a  fine  state  of  oivision.  The  remaining  portion  of  the  cylinder  is  then 
filled  with  cold  water,  the  twirling  motion  being  continued  all  the  while.  When  the 
liquid  comes  to  rest,  the  phosphorus  is  deposited  in  the  state  of  powder ;  the  liquid  is 
then  poured  cff^  and  the  phosphorus  washed  with  water.  Respecting  the  supposed 
mode  of  action  of  the  urea  see  Schiff  (Ann.  Gh.  Pharm.  cxviii.  88).  Blondlot  (J. 
Pharm.  [4]  i  72)  recommends  the  use  of  sugar  or  of  a  salt  in  place  of  urea. 

To  the  larger  manufacturers  of  ludfer-matches  the  phosphorus  is  often  supplied  in 
solid  cakes  or  cheeses. 

For  f^uther  details  on  the  preparation  and  purification  of  phosphorus,  seeEichard- 
son  and  Watts's  Chemical  Technology,  voL  I  pt  4,  pp.  110 — 125;  abo  Hofmann's 
Beport  on  Chemical  Products  and  Processes  in  the  ExUfntion  of  1862,  pp.  93 — 96. 

Properties, — ^Phosphorus,  when  freshly  prepared  and  quite  pure,  is  almost  perfectly 
transpuent  and  colourless,  or  with  only  a  faint  yellowish  tinge.  It  melts  at  44°,  form- 
ing a  viscid  oily  h'quid  which  sometimes  retains  its  fluidity  when  cooled  several  degrees 
below  the  melting  pointy  but  solidifies  instantly  when  touched  with  a  solid  body.  The 
specific  gravity  of  ordinary  phosphorus  is  variously  stated  at  from  177  (Bere.  Lehrb.  L 
218)  to  2*09  (Bottger,  in  Chnelin*s  Handbook).  According  to  Gladstone  and  Dale 
(PhiL  Mag.  [4]  xviii  80),  the  specific  gravity  of  solid  phosphorus  at  63°  is  1*823 ;  that 
of  phosphorus  remaining  liquid  below  its  melting  point,  1-763.  It  is  a  non-conductor 
of  electricity  both  in  the  solid  and  in  the  liquid  state. 

In  warm  weather  phosphorus  is  somewhat  flexible  and  may  be  bent  without  breaking, 
but  near  the  freezing  point  it  becomes  brittle.  When  phosphorus  is  broken,  it  exhibits 
a  crystalline  fracture,  but  distinctly  formed  crystals  of  phosphorus  cannot  be  obtained 
by  fusion,  except  when  a  very  large  quantity  is  operated  on.  Grystals  of  phosphorus 
may  be  obtained  by  cooling  a  hot  saturated  solution  of  phosphorus  in  rock-oi^  oi  in 
sulphide  of  phosphorus,  or  by  the  evaporation  of  its  solution  in  sulphide  of  carbon.  The 
crystals  of  pnosphorus  are  usually  either  regular  octahedrons,  or  rhombic  dodecahedrons. 
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Phosplianu  boila  in  dooed  ymBtAa  ft  260^  (HeinrichX  2Sd9  (Dalton),  290^ 
(Pelletier,  Ann.  Chem.  it.  8).  Its  ▼aponr-density,  according  to  DeTille  and 
Troost  (BnlL  Soc  Chim.  v.  434),  is  4*35  at SOO^'  and  450  at  1040^ zefeired  to  air  as 
nnitj.  The  former  nnmber  giyee  for  the  specific  gravity  of  the  Taponr  referred  to 
hydrogen  as  nnitj,  the  nnmber  62*1,  which  ia  rather  more  than  double  the  atomic 
weight  of  phoaphoma.  Hence  it  appears  that  the  atom  of  phosphoros  in  the  gaaeous 
fltata  oecupiee  only  half  the  bnlk  of  an  atom  of  hydrogen  (see  Gasis,  GoKBQCA.Tioif  of 
BT  Touno,  ii  810). 

Pbosphorofi  is  insoluble  in  voter,  sliffhtly  solable  in  ether,  but  more  so  in  hetuene,  oil 
of  turpentine  and  other  eeeential  as  well  as  infixed  oile.  It  is  also  freely  dissolved  by 
ekloriae  ofeulphur,  trichloride  o/phoeohorue  and  eulpkide  of  carbon. 

Phosphorus  is  extremely  inflammable,  takinff  fire  in  the  open  air  at  a  temperature 
veiy  little  above  its  melting  point,  burning  wiui  a  brilliant  white  flame,  and  emitting 
dense  white  fumes  of  phosphoric  snhydride.  K  it  contains  impurities,  it  takes  fire  still 
more  easily,  the  heat  developed  by  slWht  friction  being  often  sufficient  to  inflame  it. 
Phoephoms  must  therefore  be  handledwith  great  caution ;  a  bum  from  it  is  veiy  severe 
and  aifficult  to  heal.  It  must  always  be  kept  under  water  till  wanted  for  use;  it  may 
then  be  taken  out  and  dried  by  gentle  pressure  between  filtering  paper;  it  is  best  also 
to  cut  it  under  water.  When  a  solution  of  phosphorus  in  sulphide  of  carbon  is  dropped 
upon  filtering  paper  and  ]eft  to  evaporate  in  the  open  air,  the  finely  divided  phosphorus 
uniich  remains  on  the  paper  absorbs  oxygen  so  rapidly  that  it  immediately  takes  fire. 

The  flame  of  hydrogen-gss  impregnate  with  pnoephorus,  as  produced  oy  the  intro- 
duction of  free  phosphorus,  hypophosphorous  add  or  phosphorous  acid  into  Marsh's 
apparatus  (i.  362),  exhibits  when  examined  by  the  spectroeoope,  two  intense  green  lines, 
one  of  which  eoinddes  with  a  line  in  the  barium-spectrum.  This  reaction  is  so  delicate 
that  it  will  distinctly  indicate  the  presence  of  phosphorus  in  the  hydrogen  evolved  on 
dissolving  ordinary  iron  wire  in  dilute  sulphuric  add  (Christofle  and  Beilstein, 
Compt.  rend.  Ivi.  309),  see  also  Seguin  {ihid.  liiL  1272). 

Phosphorus,  when  exposed  to  the  air  at  ordinary  temperatures,  gradually  absorbs  oxy- 
gen ana  undergoes  a  slow  combustion,  giving  off  a  white  vapour  which  has  a  peculiar 
garlic  odour,  and  consists  of  phosphorous  anhydride  mixed  with  a  little  phosphoric 
anhydride,  or  if  the  air  is  moist,  of  tlie  coiresponding  adds  (p.  499).  In  a  dark  room 
the  slowlv  burning  phosphorus  and  the  vapour  given  off  from  it  shine  with  a  greenish- 
white  li^ht 

The  uow  combustion  of  phosphorus  is  affected  by  several  circumstances.  In  pure 
oxygen  of  ordinary  density  it  does  not  take  place  at  all  at  temperatures  below  16°,  but 
on  rarefying  the  oxygen,  or  diluting  it  with  nitrc^n,  hydrogen  or  carbonic  anhydride, 
the  phosphorus  becomes  luminous  in  the  dark  at  Tower  temperatures.  In  the  air,  the 
luminosity  is  not  perceptible  at  temperatures  more  than  a  few  degrees  below  0°,  but 
becomes  sensible  at  that  temperature  and  increases  at  a  few  degrees  above  it.  Slow 
combustion  is  completely  prevented  by  the  admixture  of  certain  inflammable  vapours 
and  gases  in  minute  quantity  with  the  air ;  thus  if  air  be  mixed  with  ^  of  its  bulk  of 
olefiant  gas,  j^  of  rock-oil  or  ^j^  of  oil  of  turpentine  vapour,  a  stick  of  phosphorus 
no  longer  becomes  luminous  when  exposed  to  it. 

Bespecting  the  reactions  of  phosphorus  with  chlorine,  eulphur  and  other  elements, 
see  pace  505. 

ModificaHons  of  Phoephorue, — Phosphorus  is  capable  of  assuming  several  different 
forms  under  the  infiuence  of  causes  apparently  tnfiing. — cc  When  exposed  for  some 
time  to  light  under  water,  it  becomes  wnite,  opaque  and  scaly,  the  change  proceeding 
from  the  surfiace  inwards.  This  white  phosphorus  has  a  spedfic  gravity  of  1*515 ;  it  is 
somewhat  less  fusible  than  the  transparent  variety,  and  is  reconverted  into  the  latter 
by  a  temperature  not  exceeding  60°, — /9.  Another  modification  is  produced  by  the 
sudden  cooling  of  melted  phosphorus;  it  then  becomes  perfectly  black  and  opaque,  but 
is  restored  to  the  transparent  colourless  condition  by  dmple  fusion  and  slow  cooling. 
According  to  Blondlot  (Compt.  rend.  Ix.  830;  Bull.  Soc.  Chim.  [2]  iii.  415),  this 
black  modification  is  the  type  of  pure  phosphorus.  He  obtains  it  by  first  purifying  or- 
dinanr  phosphorus  by  several  distiilations  (m  hydrogen  gas),  then  exposing  it  to  the  sun 
and  distilling  again.  The  product  collected  in  a  receiver  cooled  very  slowly  solidifies 
to  a  white  mass  which  suddenly  turns  black  when  the  temperature  of  the  condensinff 
water  falls  to  5^  or  6^.  It  is  important,  however,  to  know  whether  the  hydrogen  used 
in  the  distillation  was  absolutely  pure;  since  the  least  trace  of  certain  metals  or 
metalloids  would  be  suffident  to  blacken  the  phosphorus. — y.  A  viscotia  modification, 
analogous  to  viscous  sulphur,  may  be  obtained  by  heating  very  pure  phosphoros  to 
near  its  melting  point,  and  suddenly  cooling  it. 

8.  Red  or  Amorphoue  Phoephoms. — This,  which  is  the  most  remarkable  modification 
of  phosphorus,  is  produced  when  ordinary  phosphorus  is  exposed  to  the  action  of  light 
or  heat  in  an  atmosphere  not  containing  oxygen,  or  when  it  is  heated  with  a  small 
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^nantitj  of  iodine.  It  appran  to  have  bera  Srst  noticed  bj  Berzelins,  who  found  that 
pho^honu  UDdsT  the  mSaenM  of  coloured  ligbt  acquirpB  >  red  tint,  without  alteiUJoii 
of  vtghC,  und  at  the  aEune  time  los«*  ita  property  of  ebining  in  the  dark.  Subaeqnently 
in  184*,  Emile  "Kopp  (Compt.  rood.  ilii.  3*fl)  in  preparing  iodide  of  ethyl  hj 
treating  alcohol  with  iodine  sod  phoaphonu,  obeerred  tbn  fonualion  of  a  red  modifica- 
tion of  phosphorai,  amoiphoQB,  dntituta  of  taste  and  odour,  Teij  little  disposed  to 
oiidise  at  oniinary  tempentnrea  or  evm  at  the  heat  of  the  water-bath,  and  lecooTnt- 
ible  into  ordinary  phoaphonu  by  di7  diatillatioa.  Theae  obaen-atiouB  were  eonflrmed 
byBeranlins  lHapporl  Annuel,  IBSS,  p.  i3j),  and  by  Harehaud  (J.  pr.  Cbem. 
nxiii.  182).  Nevertlifleai  the  red  moi&floilion  of  phosphonia  did  not  atUsct  mocfa 
attention  till  1868,  when  Schtottor  showed  thut  it  might  be  prepared  by  aimp^  vx- 
posins  ordinary  phosphorus  to  light,  or  more  readily  by  heating  it  to  near  its  boiling 
point  m  an  atmosphere  &ee  from  oiygen,  and  publuhsd  a  detailed  account  of  it*  pro- 
perties (Fogg.  Ann  Izxii.  276).  Brodie  aAennirda  shown]  (in  18fi3)that  amor^oaa 
phosphorus  may  be  pnidaeed  by  heating  phosphorDs  with  a  small  qn  ant)  ty  of  iodine  in 
a  Bsaied  tube  or  in  an  atmoephere  of  carbonic  anhydride,  or  by  melting  tJiosphoraa 
nnder  strong  hydrodilorie  odd,  and  tbea  adding  a  ansU  quantity  of  iodine.  (Clwm.  Soo. 
Qq.  J.  T.  389.) 

Fig.  738. 


Amorphons  phoephomi  may  be  pn>pared  on  the  labonUorr  scale  by  pUdng  a 
qnanti^  of  dried  common  phosphorus  id  the  bulb  of  a  flask  A  (^.  nt)  to  the  neck  of  - 
which  is  attaohed  a  long  Darrow  tube  &  bent  downwards  and  dipping  into  mercury;  the 
air  in  the  flask  is  displaced  by  means  of  a  current  of  carbooic  anhydride,  which  is 
supplied  from  the  bottle  ^  and  dried  by  passing  through  the  tube  F,  filled  with 
chloride  of  calcium ;  the  tabe  is  then  sealed  at  the  narrow  portion  a,  and  the  apparatus 
which  supplied  the  carbonic  anhydride  is  remoTed.  Heat  is  next  applied  to  the  flask 
bj  means  of  an  oil-bath  t.  The  pbospboma  melts  readily,  but  by  reguUtina  the  heat 
steadily  between  280°  and  2lli!°  bj  means  of  the  thennometer  I,  and  maintsuiiiig  it  at 
that  temperature  for  thir^  or  fbrtj  hours,  ajmost  all  the  phosphoms  wiU  bs  brought 
into  the  solid  amorphoos  state. 

The  nparatos  just  deaoibed  is  limilar  in  principle  to  that  inrcnied  and  patented 
br  Mr.  Albright  of  Oldbn^  near  Binningham  for  the  prBparation  uf  amorphous 
phoaphorna  on  the  Urge  scale.  Id  this  apparatus  the  phoaphomB  is  heated  in  a 
aXDKtX  glass  rewel  placed  wJthiD  aD  iron  vessel  of  the  same  shape,  whith  is  heated  by 
a  bath  of  tin  ud  lead.  The  melting  Teasel  is  pnmded  with  a  bgbt-fltting  corer,  from 
which  there  proceeds  a  safety  tube  dipping  into  mercury,  as  in  the  apparatus  abore 
drscrilMd.  It  is  not  fbond  neceanaiy  to  eipel  the  air  from  the  apparatua  by  means  of 
Carbohtc  anbydnde,  as  the  small  portion  of  oxygen  contained  in  it  is  aoon  cimsnmed  by 
the  eombnmou  of  a  portion  of  the  phot^honis.    (For  a  figore  and  fall  dcMriptiou  of 
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this  appcnftiis,  see  Biehardion  and  Watts'a  Ckemicat  Technology,  toL  L  pt  4 

P-  127.) 

Amorphous  phoaphonu  prepared  as  above  alwajv  contains  a  certain  quantity  of 
nnalteied  phosphoms,  whidi  is  removed  b^  washing  it  two  or  three  times  witn  sulphide 
of  carbon,  in  which  common  phosphonis  is  soluble,  and  red  phosphorus  insoluble.  It 
has  been  recommended  by  j^ickles,  in  order  to  avoid  the  use  of  much  sulphide  of 
carbon — a  dangerous  as  well  as  disagreeable  substance — to  purify  red  phosphonis  by 
suspending  the  finely  divided  mixture  of  yeUow  and  red  phosphorus  in  a  solution  of 
chloride  of  calcium  of  specific  gravity  about  2'0.  In  such  a  solution  common  phos- 
phorus floats,  while  red  phosohorus  sinks. 

Bed  phosphorus  is  much  less  fusible  than  common  phosphorus ;  it  may  be  heated 
to  250°  without  alteration,  but  at  260^  it  is  reconverted  into  ordinary  phosphorus.  It 
also  differs  from  ordinary  phosphorus  by  being  insoluble  in  many  liquids  in  which 
the  latter  is  soluble,  such  as  sulphide  of  carbon,  alcohol,  ether,  turpentine,  and  tri- 
chloride of  phosphorus.  The  two  modifications  differ  also  not  less  in  chemical  than 
in  physical  properties.  Common  phosphoms»  as  already  observed,  oxidises  slowly  in 
the  air  at  common  temperatures,  and  Dums  rajpidly  when  heated  to  about  60° ;  red 
phosphorus,  on  the  contrary,  is  not  at  all  oxidised  in  the  air  at  common  tempera- 
tures, emits  no  odour,  and  does  not  become  luminous  until  heated  to  nearly  260^',  the 
point  at  which  it  is  transformed  into  the  ordinary  modification.  Hence  it  is  not 
liable  to  take  fire  by  moderate  friction,  and  may  be  handled  without  danger,  and 
preserved  in  bottles,  or  even  wrapped  up  in  paper  without  liability  to  alteration.  Its 
properties  difler  however  in  some  respects  according  to  the  mode  of  preparation.  If 
prepared  hy  heat  it  has  a  specific  gravity  of  2*14 :  out  that  which  is  obtained  bv  the 
action  of  iodine  on  common  phosphorus  has  a  specific  eravity  of  2*23.  The  latter 
also  volatUises  like  arsenic,  without  previous  fusion,  and  condenses  to  a  hard  black 
mass.  It  is  more  readily  acted  on  by  caustic  potash  than  the  former,  and  precipitates 
certain  metallic  solutions,  sulphate  of  copper  K>r  example.    (Brodie.) 

Beaetions  of  Phosphorus. — ^The  action  of  ox^gtn  on  ordinary  and  red  phosphorus  has 
been  already  descrioed.  With  sulphur,  ordinaiy  phosphorus  unites  rapidly  when  the 
two  bodies  are  melted  toffether,  the  combination  being  attended  with  vivid  combustion 
and  loud  explosion.  Ked  phosphorus,  on  the  other  hand,  does  not  unite  with  sulphur 
till  heated  considerably  above  me  mating  point  of  the  latter,  and  even  then  the  com- 
bustion, though  rapid,  is  not  explosive.  StUnium  unites  with  phosphorus  when  the 
two  are  heat^  together  nearly  to  the  melting  point  of  the  latter. 

Hydrogen  passed  over  phosphorus  contained  in  a  glass  tube  takes  up  a  small 
quantity  of  it,  sufficient  to  colour  the  fiame  green,  but  no  definite  compound  appears  to 
be  formed.  But  when  phosphorus,  a  metallic  phosphide,  hypophoephorous  or  phos- 
phorous add  is  introduced  into  an  apparatus  for  generating  hydrogen,  the  evolved  gas 
appears  to  contain  a  certain  quantity  of  phosphoretted  hydroeen  (Dusart,  Compt. 
rend,  xliii  1126). — Ammonia  acts  gndually  on  ordinary  phosimorus,  producing  phos- 
phoretted hydrogen  and  a  compound  of  ammonia  with  an  oxide  of  phosphorus,  which, 
when  alcoholic  ammonia  is  used,  is  deposited  on  the  sides  of  the  tube  as  a  deep  black 
metallic  fiJm  not  decomposed  by  boiling  potash  or  sulphuric  acid.  Bed  phosphorus 
has  no  action  on  ammonia.    (Fliickiger,  Anal.  Zeitschr.  ii.  398.^ 

Ordinary  phosphorus  unites  directly  at  ordinary  temperatures,  with  chlorine,  bromine 
and  iodine,  the  combination  taking  place  rapidly  and  being  attended  with  infiammation. 
Bed  phosphorus  also  unites  with  these  elements  at  ordina^  temperatures,  the  combina- 
tion beinff  attended  with  evolution  of  heat,  but  seldom  sufficient  to  produce  ignition. 

Chloride  of  sulphur,  S^Cl^  dissolves  ordinary  phosphorus  abundantly,  and  on  heating 
the  solution,  a  violent  reaction  takes  place,  attended  with  ebullition  and  projection  of  the 
mass.  The  same  violent  action  is  produced  on  dipping  a  stick  of  phosphorus  into  a 
column  of  chloride  of  sulphur  of  about  the  same  depth  and  volume.  On  gradually  add- 
ing small  pieces  of  phosphorus  to  chloride  of  sulphur  gently  warmed  in  a  retort  filled 
with  carbonic  anhydride,  a  rapid  action  also  takes  place,  the  liquid  becoming  hot  and 
distilling  over :  gradually,  however,  sulphur  separates  and  the  action  becomes  more 
moderate ;  and  on  mixing  the  distillate  just  mentioned  with  that  which  afterwards  passes 
over  on  heating  the  residue,  and  redistilling  the  whole  over  half  its  bulk  of  phosphorus,  a 
colourless  liquid  is  obtained,  which  separates  by  fractional  distillation  into  pentachloride 
and  sulphochloride  of  phosphorus,  PSCl*.  When  chloride  of  sulphur  is  gradually 
poured  into  melted  phosphorus,  the  only  products  are  pentachloride  of  phosphorus  and 
a  yellow  sublimate  which  appears  to  be  a  sulphide  of  phosphorus :  the  residual  phos- 
phorus is  converted  into  the  red  modification.  ( W  o  h  1  e  r  and  H  i  1 1  e  r,  Ann.  Ch.  Pharm. 
xciii.  274.) 

Most  metals  unite  directly  with  phosphorus  when  the  latter  is  thrown  upon  them 
while  they  are  in  a  state  of  ignition  or  when  they  are  heated  in  ics  vapour. 

Finely  divided  phosphorus,  under  the  influence  of  sunlight,    slowly  decomposes 
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water,  forming  phoflpboretted  hydrogen  and  a  red  substance  oommonly  regarded  as  an 
oxide  of  phosphoros. 

Many  acioB  are  decomposed  when  heated  with  phosphorus,  yielding  phosphorous 
acid,  together  with  other  products. — ^Pure  concentrated  hydriodic  tuSi  heated  with 
amorphous  phosphorus  to  160*^  for  two  hours,  yields  phosphorous  add  and  sublimed 
crystals  of  hydriodate  of  phosphoretted  hydrogen. — Hydrommic  acid  acts  in  a  similar 
manner,  but  somewhat  more  slowly. — ^Pure  concentrated  hydrochloric  add  heated  with 
amorphous  phosphorus  to  200®  for  sixteen  hours  appears  to  be  decomposed  according 
to  the  equations:  3HC1  +  P»  -  PH»  +  Pa»;  and  PCI"  +  8H*0  -  PH«0»  +  SHCL 
Strong  nUphurio  acid  is  reduced  to  sulphurous  anhydride,  which  floats  on  the  sozfiice  of 
the  phosphorous  acid  formed  at  the  same  time: 

88H«0*  +  P«     -    PHW  +  880*. 

Sulphurotts  acid  yields  phosphorous  and  sulphydric  acids : 

SH«0«  +   3H«0   +  P»     -     2PHW  +  H«a 

Syrupy  photpkorie  acid  heated  to  200®  with  phosphorus  for  forty  hours,  is  ndneed 
to  hypophoephorous  acid,  which  latter  is  partly  resolTed  into  phospharoos  acid  and 
phosphoretted  hydro^n.— Aqueous  chromic  acid  heated  with  phospliorus  is  reduced  to 
ehromoso-chromic  oxide ;  argeniout  aeid  yields  phosphide  of  arsenic.  (Oppenheim, 
Bull.  Soc  Chim.  j;2]  i.  168.) 

Phosphorus  boiled  with  aqueous  aliaUa  mud  alkaline  earths  forms  phosphoretted 
hydrpgen  and  a  wninrina  of «  hypophosphite^  e.  y.  with  lime-water : 

8Ca*'H«0«  +  P«  +  6H«0     -     8Ca"H<PH)«  +  2PH». 

Phosphorus  likewise  decomposes  many  other  oxides  and  salts,  both  in  thediy  and  in  the 
wet  way.  When  rubbed  with  chlorate  of  potassium,  it  detonates  and  takes  fire,  a  slight 
friction  being  sufficient  to  induce  the  reaction.  Nitrate  of  potassium  and  the  peroxides 
of  lead  and  manganese  act  upon  it  in  a  similar  manner,  but  less  riolently.  When  a 
mixture  of  &irbonate  of  sodium  and  amorphous  phosphorus  is  heated  in  a  combustion 
tube  to  low  redness,  or  better  to  240®  only,  a  brown  mass  is  obtained,  which  takes  fire 
on  exposure  to  the  air,  and  when  thrown  into  water  giyes  off  a  large  quantity  of 
spontaneously  inflammable  phosphoretted  hydrogen,  and  forms  a  dark  brown  solution, 
from  which  hydrochloric  acid  throws  down  brown  flocks,  forming  when  dry  a  black- 
brown  amorphous  mass  containing  about  40  per  cent  of  humus-like  bodies.  When 
carbonate  of  sodium  is  heated  to  bright  redness  with  excess  of  phosphorus,  the  whole  of 
the  carbon  is  set  free ;  with  excess  of  sodie  carbonate,  on  the  other  hand,  a  mixture  of 
charcoal,  sodic  phosphate  and  sodic  carbonate  is  obtained,  carbonic  oxide  being  given 
off  and  phosphorus  distilling  over.  The  carbon  obtained  in  these  reactions  has  s 
deep  velvet-black  colour,  a  specific  gravity  of  1*46  at  14®,  and  possesses  strong  ab- 
sorbent and  decolorising  properties.  Phosphorus  acts  in  like  manner  on  other  carbon* 
ates,  also  on  borates  and  silicates.     (Dragendorff,  Jahresb.  1861,  p.  110.) 

Phosphorus  placed  in  contact  with  many  metals  in  solutions  of  the  same  metals, 
produces  an  electric  current,  and  precipitates  the  metals.  In  contact  with  clean  copper 
wire  in  a  solution  of  cupric  sulphate,  it  precipitates  the  copper  on  the  wire  in  octahe(&al 
crystals  (Wohler,  Ann.  Ch.  Pharm.  Ixxix.  126).  In  like  manner  it  reduces  silver  BXiA 
lead  from  the  solutions  of  their  nitnites  (Wicke,  ibid.  Ixxii.  146).  Phosphorus  im- 
mersed in  a  solution  of  potassic  pernianganate  forms  peroxide  of  manganese  and  phos- 
Shate  of  potassium.  Keutral  and  acid  ehromate  of  potassium  are  incompletely 
ecomposed  by  phosphorus  at  common  temperatures  with  formation  of  potassic  and 
chromic  phosphates.  Oupric  ehromate  boiled  with  phosphorus  yields  metallic  copper, 
phosphide  of  copper,  and  cnromic  phosphate.  A  solution  of  potassic  chlorate  boiled  with 
phosphorus  is  converted  into  phosphite,  phosphate,  and  chlorideof  potassium.  Nitrate  of 
barium  is  not  decomposed  by  boiling  with  phosphorus ;  nitrate  of  lead  yields  a  deposit 
of  phosphate  of  lead ;  nitrate  of  copper  in  concentrated  solution  yields  cupric  oxide  and 
phosphide  of  copper;  in  dilute  solution,  metallic  copper,  phosphide  of  copper,  and  phos- 
phoric acid.     (Slater,  Chem.  Oaz.  1853,  p.  329.) 

Chemical  Relations  of  Phosphorus. — Phosphorus  belongs  to  the  pentad  group  of  ele- 
ments (iii.  967),  induduig  also  nitrogen,  arsenic,  antimony  and  bismuth.  Its  pentatomio 

!C1* 
Qw,  phosphoric 

triethodichloride  (or  chloride  of  triethyl-phosphine)  P*]^  /^  ^  >  &c.,  also  in  phos- 
phoric anhydride  p^lo*,  and  in  phosphoric  add  regarded  as  ^|o\  But  it  like- 
wise, and  perhaps  more  frequently,  plays  the  part  of  a  triatomic  element,  as  in  phos- 
phoretted hydrogen  or  phosphine  P^H',  and  its  alcoholic  derivatives  triethyl-phosphine 
P*'(C*H*)',  &c.,  also  in  trichloride  of  phosphorus   P"'C1*,   phosphorous  anhydride 
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nm  [  O',  &c.,  pliosphoroiiB  add  m  [  0",  &&  In  some  few  compounds  also  it  is  diatomic, 

as  in  the  di-iodide  PP,  and  perhaps  in  liquid  phosphide  of  hydrogen  FH*  (iii.  204) ;  in 
many  of  its  metallic  compounds  it  exhibits  still  lower  degrees  of  atomicity. 

In  its  triatomic  and  pentatomic  character,  phosphoros  resembles  the  other  members 
of  the  group  abore  mentioned.  It  is  motit  dosely  related  to  arsenic  and  antimony, 
each  of  these  elements  forming  a  gaseous  trihydride,  and  their  chlorides,  bromides  and 
oxides  being  exactly  analogous  to  one  another  in  composition.  To  arsenic  it  is  further 
related  by  the  strictly  analogous  composition  and  the  isomoxphism  of  the  corresponding 
phosphates  and  arsenates,  and  by  its  anomalous  vapour-yofume,  the  specific  gravities 
9f  each  of  these  elements  in  the  gaseous  state  being  double  its  atomic  weight  (p.  503 ; 
also  iii  968).  Bismuth  is  also  related  to  phosphorus,  arsenic,  and  antimony  by  the 
composition  of  its  chlorides  and  oxides,  although  its  pentatomic  compounds  are  not  of 
yeiT  stable  character.  To  nitrogen,  phosphorus  is  related  by  its  combination  with 
hydrogen,  and  by  its  formation  of  anhydrides  with  3  and  6  atoms  of  oxygen. 

The  elements  of  this  group  exhibit  in  many  respects  a  regular  gradation  of  proper- 
tiea  in  the  order  of  their  atomic  weights.  Nitrogen  (14)  is  gaseous,  while  all  the  rest 
are  solid  at  ordinary  temperatures;  and  of  these  latter,  phosphorus  (31)  is  the  most 
fbsible  and  Tolatale;  next  follows  arsenic  (75),  then  antimony  (122),  and  lastly  bis- 
muth (210).  The  acid  propertiea  of  the  oxidised  compounds  are  most  marked  in  ni- 
trogen, then  in  phosphorus ;  they  are  weaker  in  arsenic,  still  weaker  in  antimony,  and 
scarcely  apparent  in  bismuth.  The  compounds  with  hjdragen  follow  in  the  same 
order ;  ammonia  is  a  powerful  base,  and  requires  a  hi^h  teDiperstare  iv  hm  deoom- 
position ;  phosphine,  PH',  is  a  very  feeble  base ;  in  arsme,  AsH',  the  basic  character 
IS  not  perceptible,  though  manifested  in  triethyl-arsine  and  other  of  its  derivatives ; 
the  same  is  true  of  the  oorresponding  antimony-compounds.  Each  of  the  three  hydrides 
last  mentioned  is  decomposed  by  simple  exposure  to  heat,  phosphine  requinng  the 
highest  temperature,  arsine  decomposing  at  a  lower,  and  stibine  at  a  still  lower  degree  of 
heat,  while  tbe  affinity  of  bismuth  for  hydrogen  is  so  feeble  that  it  does  not  appear  to  form 
a  hydride. 

UsBS  OF  Phosphobus. — ^The  chief  use  of  phosphorus  is  for  the  preparation  of  the 
paste  with  which  lucifer  matches  are  tipped ;  for  this  purpose  both  the  ordinary  and 
the  amorphous  variety  of  phosphorus  are  employed.  Ordmary  phosphorus,  being  in- 
tensely poisonous,  is  also  used  in  the  formation  of  compositions  for  poisoning  rats,  cock- 
roaches and  other  vermin ;  and  both  kinds  are  used  in  a  variety  of  ways  in  chemical 
and  pharmaceutical  preparations. 

A  phosphorated  paste  for  poisoning  vermin  may  be  prepared  by  dissolving  250  pts. 
by  weight  of  gum  arable  in  500  pts.  of  water  at  140°  F.,  adding  15  pts.  of  phosphorus, 
stirring  as  it  melts,  then  removing  the  vessel  from  the  fire  and  continuing  the 
stirring  as  the  mixture  cools  in  order  to  thoroughly  incorporate  the  phosphorus.  The 
mixture  is  then  placed  over  the  water-bath,  the  stirring  being  still  continued ;  a  paste 
previously  made  up  with  100  pts.  of  fiour,  or  better  of  potato-starch,  and  100  pts.  of 
water  is  added  to  it,  and  the  whole  is  beaten  up  for  half  an  hour  at  122^  F.,  after  which 
it  is  left  to  cool,  the  agitation  being  still  continued  till  the  temperature  has  fallen  to  86°. 
The  process  yields  from.  500  to  560  pts.  of  phosphorated  paste.  To  effect  a  still  finer 
division  of  the  phosphorus,  the  paste  may  be  ground  under  the  muller. 

Luci/er 'matches. — Ordinary  lucifer-matches  are  simply  wooden  sulphur-matches 
tipped  with  a  paste  containing  phosphorus,  and  capable  of  ignitins  by  friction.  The 
materials  added  to  the  phos^orus  to  promote  its  ignition  are  chlorate  or  nitrate  of 
potassium,  or  certain  metallic  oxides  which  easily  give  up  their  oxygen,  such  as  the 
peroxides  of  lead  and  manganese.  Chlorate  of  potassium  causes  the  paste  to  ignite 
with  detonation  when  rubbed,  and  often  occasions  the  projection  of  a  portion  of  the 
burning  matter  to  a  considerable  distance.  This  projection,  which  is  rather  dangerous, 
may  be  prevented  by  using  nitrate  instead  of  chlorate  of  potassium ;  the  matches  then 
bum  quietly. 

The  phosphorus,  and  the  salt  or  oxide  which  is  to  supply  it  with  oxygen  for  combus- 
tion, are  made  up  into  a  paste  with  a  strong  solution  of  glae  or  gum,  a  small  quantify 
of  Vermillion  or  Prussian  blue  being  added  as  colouring  matter,  and  sometimes  a  little 
fine  sand  to  increase  the  friction. 

The  proportion  of  phosphorus  varies  considerably,  being  sometimes  as  high  as  30  or 
even  50  per  cent,  and  sometimes  as  low  as  10  or  even  5  per  cent.  The  following  are 
two  compositions  recommended  by  Bottger  in  1844,  and  still  in  use  for  the  preparation 
of  noiseless  lucifers : 


Phosphorus  (ordinary)       .        .        .4 

Saltpetre 16 

Bed  lead 3 

Strong  glue 6 


Phosphorus  (ordinary)        .        .        .9 

Saltpetre 14 

Peroxide  of  manganese                        -14 
Gum 16 
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The  redaction  of  the  proportion  of  phosphoms  in  the  inflammable  maae  to  a  mini- 
mum is  a  great  desideratum,  as  the  procesa  is  thereby  rendered  less  costly,  and  the 
matches  when  ignited  emit  less  of  the  disagreeable  odour  of  phosphorus.  A  good 
method  of  effecting  this  redaction  is  that  recommended  by  B.  Wagner  (Wagner^s 
Jahreebericht,  1866,  p.  503),  which  consists  in  preparing  the  inflammable  mass  with 
phosphorus  dissolved  in  sulphide  of  carbon.  This  process  not  only  effects  the  perfect 
molecular  subdiyision  of  the  phosphoros,  but  it  enables  the  mass  to  be  prepared  without 
the  use  of  heat,  a  farther  Tery  great  advantage.  According  to  E.  Mack  (Verhandl. 
des  Vereins  f.  Naturkunde  in  frosburg,  1868,  i.  17),  this  simple  expedient  renders  it 
possible  to  reduce  the  proportion  of  phosphorus  to  ^  of  that  at  present  in  common 
use. 

Some  matches,  instead  of  being  coated  at  the  ends  with  sulphur,  are  impregnated 
throughout  with  stearic  acid,  wax,  or  paraffin.  The  paste  for  dipping  these  matches 
requires  less  gum  and  a  more  active  oxidising  agent  than  that  for  tne  sulphur-matches. 
The  following  are  two  of  the  compositions  in  use : 


Phosphorus  (ordinary)      .        .        .8*0 

Strong  glue 3*5 

Water 30 

Fine  sand 20 

Vermillion  or  Prussian  blue      .  0*1  to  0*5 
Chlorate  of  Potassium      .        .        .  3'0 


Phosphorus  (ordinaiy) 
Gum  tmgacanth 
Water 
Fine  sand  . 
Dioxide  of  Lead 


8*0 
0*6 
30 
2-0 
20 


The  dioxide  of  lead  in  the  second  of  these  compositions  may  be  replaced  by  2  pts.  of 
red  lead  and  0'5  pts.  strong  nitric  acid. 

Matches  thus  prepared  bum  more  readily  than  sulphur-matches,  because  the  fatty 
matter  and  the  wood  take  fire  together,  whereas  in  sulphur-matches  the  wood  does  not 
ignite  till  the  sulphur  is  nearly  consumed.  The  matches  impregnated  with  fatty 
matter  also  bum  with  a  brighter  flame,  and  are  free  from  the  suffocating  odour  which 
the  sulphur-matches  evolve  in  burning.  Formerly  these  matches  were  impregnated 
with  wax  or  stearic  add  or  resin,  and  as  these  materiaLs  are  more  expensive  than  sul- 
phur,  their  use  was  confined  to  the  higher  priced  matches;  recently,  however,  Uieuse  of 
paraffin  and  paraflin-oils  for  the  purpose,  patented  by  Mr.  Le  tchf  ord  of  Whitechapel, 
has  greatly  reduced  the  price  of  matches  thus  prepared. 

Taptr  or  Vesta-matckes,  which  consist  of  tapers  of  wax,  rosin  and  tallow,  or  paraffin, 
require  to  be  tipped  with  a  very  infiammable  paste,  because,  having  but  little  rigidity,  they 
cannot  bear  much  friction  without  bending.  The  paste  used  for  tipping  them  is  made 
of  12  pts.  ordinary  phosphoms,  14  gum,  3  sulphide  of  antimony,  36  dioxide  of  lead 
(or  56  pts.  of  a  mixture  of  red  lead  35  pts.  and  nitric  acid  21  pts.)  and  0*1  Vermillion. 

Fusees  for  lighting  cigars  are  made  from  strips  of  pulp  or  thin  card-board 
previously  prepared  by  steeping  in  a  solution  of  saltpetre. 

Matches  ttrith  Amorphous  Phosphorus, — The  use  of  ordinary  phosphorus  in  the 
manufacture  of  lucifer-matches  is  attended  with  certain  inconveniences,  arising  partly 
from  the  great  facility  with  which  it  is  set  on  fire  by  friction  or  by  a  very  moderate 
heat,  partly  from  the  slow  combustion  which  it  undergoes  at  ordinary  temperatures, 
whereby  acid  vapours  are  produced  of  very  deleterious  character.  From  this  cause,  the 
workpeople  engaged  in  the  manufacture,  especially  the  dippers,  occasionally  suffer  from 
a  peculiar  disease  of  the  jaw,  which  commences  with  pain  and  swelL'ng,  and  ultimately 
produces  necrosis  of  the  bone.  Ordinary  phosphorus  is,  moreover,  very  poisonous  in  the 
solid  state,  and  instances  have  occurred  of  children  being  poisoned  by  sucking  matches 
tipped  with  it 

Amorphous  phosphorus,  on  the  other  hand,  is  free  from  all  these  objections.  It  is 
not  poisonous  in  the  solid  state,  and  not  being  volatile  or  subject  to  slow  oombastion  at 
ordinary  temperatures,  or  even  at  the  heat  required  to  keep  the  paste  in  the  liquid 
state,  it  does  not  impregnate  the  air  of  a  factory  with  poisonous  vapours.  Moreover,  it 
is  not  liable  to  be  set  on  fire  by  accidental  friction. 

But^  notwithstanding  these  advantages,  the  use  of  matches  tipped  with  amorphous 
phosphorus  has  not  become  general.  Lucifers  of  this  kind  were  sent  to  the  Exhioition 
of  1851  by  Messrs.  Dixon  and  Co.  of  Manchester,  but  they  never  found  fiivour  with 
the  public,  and  have  of  late  years  disappeared  from  the  market.  The  chief  objections 
to  them  seem  to  be  that  they  are  not  sufficiently  inflammable,  and  that  they  burn  with 
a  sputtering  flame. 

Bottgerin  1848  suggested  the  preparation  of  friction  matches  capable  of  taking firo 
only  when  rubbed  on  a  surface  prepared  in  a  particular  way.  Such  matches,  containing 
no  phosphorus  in  themselves,  but  supplied  in  boxes  provided  with  rubbers  containing 
amorphous  phosphorus,  were  first  sent  into  the  market  byPreshelof  Vienna  in  1854, 
and  their  preparation  has  since  that  time  been  greatly  improved  by  Lundstrom  of 
Sweden,  and  by  Medsis.  Coign  et  and  Co.  of  Lyons.    In  this  country,  patents  fov  the 
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mannfactiiTe  of  ludfers  by  LaDdfltrom's  process  hare  been  taken  out  by  Messrs.  Bryant 
and  May.* 

The  igniting  composition  applied  to  the  tips  of  these  matches,  and  the  paste  for  the 
mbber  are  composed  as  follows :% 

Patiefor  MatckeM,  PaMtefor  RtMtr, 


Chlorate  of  potassium   •        .        .6  pts. 
Sulphide  of  antimony    •        .  2  to  8    „ 
Glue  (weighed  dry)       .        •        .  1  pt. 


Amorphous  phosphorus        .        .10  pts. 
Oxide  of  manganese  or  sulphide 

of  antimony      .        .        .        •     8  „ 
Glue  (weighed  dry)       .        .     3  to  6  ,, 

Matchfis  thus  prepared  possess  the  great  adTantage  of  being  free  from  all  danger  of 
ignition  by  accidental  friction :  hence  they  are  called  SG/ety-matchea  (Allumettes  de 
s&reU) ;  they  are  much  used  in  France  and  other  parts  of  the  Continent,  and  their  use 
appears  also  to  be  extending  in  this  country ;  but  the  great  minority  of  oonsumecs  still 
exhibit  a  preference  for  a  match  which  will  ignite  by  friction  on  any  rough  surf&ce. 

There  is  another  modification  of  the  same  principle,  introduced  by  MM.  Deyilliers 
and  Dalemagne,in  which  the  amorphous  jmosphorus  is  placed  at  one  end  of  the  match, 
and  the  chlorate  of  potassium  at  the  other,  so  that  ignition  takes  place  on  breaking 
the  match  in  halTes  and  rubbing  the  two  ends  together.  But  these  matdies^  culled 
Allumettes  androgynes,  do  not  appear  to  have  come  into  actual  use. 

Luoi/ers  tpithaut  Fhosphorua. — To  avoid  all  danger  of  poisoning  in  the  preparation  as 
well  as  in  the  use  of  Incifer-matches,  it  has  of  late  years  been  proposed  to  tip  them 
with  a  composition  containing  no  phosphorus  whatever,  either  ordinary  or  amorphous. 
Various  compositions  have  been  proposed  for  this  purpose ;  it  may  be  sufficient  to  men- 
tion for  illustration  one  of  those  patented  byG.  Canouil  (1857,  No.  281 7 X  which  is 
composed  of  chlorate  of  potassium  75  pts.,  dioxide  of  ^ead  35  pts,  ixon  pyrites  35  pts., 
and  gum,  dextrin,  or  glue  10  pts.  Sulphide  of  antimony  and  free  sulphur,  either 
singly  or  together,  are  also  used  as  the  inflammable  material  in  these  pastes.  The  most 
systematic  researches  on  this  branch  of  manufacture  have  been  made  byWiederhold 
(DingL  poL  J.  cbd.  221,  268 ;  clxiiL  203,  269),  from  which  it  appears  that  matches  of 
good  quality  may  be  made  with  chlorate  of  potassium  and  hyposulphite  of  lead. 

The  total  elimination  of  phosphorus  from  the  lucifer  manufacture  would  indeed,  as 
observed  by  Ho f man n  (Re^ortf  1862,  p.  99),  be  a  erand  achievement^  not  merely  on 
sanitary  grounds,  or  as  dimmishing  fire-risks,  but  also  because  it  would  immediately 
liberate  for  agricultural  purposes  a  large  quantity  of  bones  now  consumed  in  the  pre- 
paration of  free  phosphorus. 

For  further  details  on  the  chemistry  of  the  ludfer-match  manufacture,  and  for 
figures  and  descriptions  of  machinery  used  for  cutting  and  dipping  the  matches, 
see  Richardson  and  Watts' s  Chernical  Technology,  voL  i.  pt.  4,  pp.  131-180. 

VB08PB0SV8,  BKOMZBB8  OV.  Phosphorus  unites  directly  with  bromine 
at  ordinary  temperatures,  with  evolution  of  heat,  and  in  the  case  of  ordinary  phosphorus, 
of  light :  small  pieces  of  ordinary  phosphorus  thrown  inlo  bromine  may  produce  a 
dangerous  explosion.  There  are  two  bromides  of  phosphorus,  the  tribromide  and 
pentabromide,  the  former  liquid  at  ordinary  temperatures,  the  latter  solid;  the  one 
or  the  other  being  produced  according  to  the  proportions  in  which  the  two  elements  are 
brought  together. 

TrUnromide  of  Vbospbonts  or  Vhospboroiu  Bromide.  FBr*. — ^Produced: 
1.  By  bringing  bromine  in  contact  with  excess  of  phosphorus.  Phosphorus  is  added 
in  pieces,  not  weighing  more  than  a  quarter  of  a  grain,  to  perfectly  anhydrous  bromine, 
till  the  liquid  becomes  colourless,  after  which  the  compound  is  separated  by  distillation 
from  the  excess  of  phosphorus  (Lowig,  Pogg.  Ann.  xiv.  485).  In  order  to  avoid 
the  chance  of  explosion,  it  is  best  to  pour  the  bromine  into  a  wide-mouthed  bottle,  and 
introduce  perfectly  dry  phosphorus  in  a  glass  tube,  sealed  at  bottom,  and  placed  up- 
right in  the  liquid,  so  that  on  closing  the  bottle  the  bromine-vapour  may  slowly  come 
in  contact  with  the  phosphorus  (H.  Rose,  Pogg.  Ann.  xxviii.  550).  An  easy  mode 
of  preparation  is  to  dissolve  bromine  and  phosphorus  in  separate  portions  of  sulphide 
of  Gurbon,  then  pour  the  bromine-solution  slowly  into  the  phosphorus-solution,  and 
distil  (Eekul^,  Ann.  Ch.  Pharm.  cxxx.  16). — 2.  Vapour  of  ^osphorus  is  passed  over 
mercurous  or  mercuric  bromide,  which  is  heated  in  a  glass  tube  by  means  of  a  spirit- 
lamp,  and  the  product  is  collected  in  a  cooled  receiver ;  the  product  is  purified  from 
excess  of  phosphorus  by  distillation.    (Lowig.) 

Tribromide  of  phosphorus  is  a  colourless,  transparent,  mobile  liquid,  which  does  not 
freeze  even  at  — 12^,  is  very  volatile,  and  emits  dense  white  f^mes  in  the  air ;  has  the 
pungsbt  odour  of  hydrobromic  acid;  it  probably  reddens  litmus  paper  only  when 
moisture  is  present.    (Lowig;  Balard.) 

It  is  decomposed--- 1.  By  water,  with  great  disengagement  of  heat,  into  phosphorous 
and  hydrobromic  acids,  which  latter,  when  a  small  quantity  only  of  water  is  employed, 

•  Maj  (F.),  Patent  Ko.  1834,  Aiiff.  I«,  L8&5. 
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IB  eyolyed  in  the  gaseous  ibrm  (B  a  lard).  At  8^  the  decomposition  takes  place  but 
slowly,  even  when  the  mixture  is  repeatedly  shaken ;  at  26°  it  proceeds  Tery  rapidly 
(L  o  w  i  g).    By  chlorine,  into  chloride  of  phosphorus  and  free  bromine.    (B  a  1  a r  d.) 

Tribromide  of  phosphorus  is  capable  of  dissolving  an  additional  quantity  of  phos- 
phorus, whereby  it  acquires  the  property  of  setting  fire  to  combustible  bodies  brought 
u  contact  with  it  in  the  open  air  (B  a  lard),  of  forming  a  pellicle  of  phosphorus  when 
exposed  to  air,  and  depositing  phosphorus  when  decomposed  with  water.     (Lowig.^ 

Ammonio^hotphorous  bromide^  PBr'.dNH',  is  formed  when  ammonia-gas  is  slowly 
passed  into  well-cooled  tribromide  of  phosphorus.  It  is  a  white  powder  which,  when 
heated  out  of  contact  with  air,  is  resolved  into  phosphide  of  nitrogen,  phosphorus- 
vapour,  bromide  of  ammonium,  ammonia  and  hydrogen  gas  (Rose).  With  water  it 
yields  bromide  and  phosphite  of  ammonium. 

FentabromideofFbosplftonui  or  FI&cMpliorle  Bromide.  PBr*.  Perbromids 
of  Phosphorus. — ^Produced  by  the  action  of  bromine  in  excess  on  phosphorus  or  on  the 
tribromide ;  also  by  decomposing  iodide  of  phosphorus  with  bromine ;  most  easily  pre- 
pared by  the  second  process. 

It  is  a  lemon-yellow  solid,  crystallising  in  rhomboidal  forms  after  fusion,  in  needles 
when  sublimed ;  melts  at  a  moderate  heat  to  a  red  liquid,  which  at  a  higher  tem- 
perature evolves  red  vapours ;   evolves  dense  pungent  fumes  in  the  air.    (B  a  lard.) 

Decompositions. — 1.  nj  chlorine  into  chloride  of  phosphorus  and  free  bromine. — 
2.  By  heated  metals^  into  metallic  bromide  and  phosphide  (Balard). — 8.  By  oxide 
of  copper  ajid  red  oxide  of  menfwy,  into  metallic  bromide  and  phosphate  (Lowig). — 
4.  By  a  small  quantity  of  water,  into  oxybromide  of  phosphorus,  and  hydrobromic  acid 
(Gladstone);  by  a  larger  quantity,  with  rise  of  temperature,  into  phosphoric  and 
hydrobromic  acids  (Balard) : 

PBr»  +     H*0     -«    POBi»  +   2HBr 
PBr»  +  4HK)     «    PH«0*  +  6HBr. 

6.  By  dry  sulphjfdrie  acid  gas,  forming  a  heavy  liquid  composed  of  PfS'.OPBr*, 
which  boils  at  200^  without  decomposition,  but  respecting  which  it  has  not  been 
positively  determined  whether  it  is  a  definite  compound  or  a  mixture  of  two  substances 
of  equal  or  nearly  equal  boiling  points  (Gladstone,  PhiL  Mag.  [3]  xxxv.  345). — 
6.  In  phosphoreited  hydrogen  gas  the  pentabromide  first  becomes  liquid,  yielding 
tribromide  of  phosphorus  and  hydrobromic  acid,  which  then  unites  with  another 
portion  of  phosphoretted  hydrogen,  and  forms  hydrobrdmate  of  phosphine  PH'.HBr, 
or  bromide  of  phosphorium  PH^Br,  which  crystallises  in  cubes  (Serullas,  iii.  201^ 
By  prolonged  action  of  the  phosphoretted  hydrogen,  the  whole  of  the  bromine  is  re- 
moved from  the  pentabromiae,  and  phosphorus  is  set  free. 

FBOSPBORirSt  CBIiOBIBBS  OF.  Phosphorus  unites  readily  and  directly 
with  chlorine  even  at  0^,  the  product  being  a  trichloride  or  pentach]ori<ie,  according  to 
the  proportions  of  the  two  elements  present,  The  action  of  chlorine  on  ordinary  phos- 
phorus IS  attended  with  visible  combustion.  Chlorides  of  phosphorus  are  also  produced 
by  the  action  of  phosphorus  on  metallic  chlorides. 

Trloblortde  of  Fboopbonu  or  Flioopboroiio  OhlorldOt  PCI' ;  formerly  called 
Protochloride  of  Phosphorus, — This  compound  is  prepared :  1.  By  passing  dry  chlorine 
gas  over  phosphorus  contained  in  a  tubulated  retort  till  all  the  air  is  expelled,  then 
gently  heating  the  phosphorus  in  a  sand-bath,  while  a  slow  stream  of  chlorine  is  kept 
up,  so  that  the  gas  may  always  come  in  contact  with  an  excess  of  phosphorus.  The 
trichloride  then  condenses  in  the  receiver  as  an  oily  liquid,  which  may  be  purified  from 
excess  of  phosphorus  by  slow  rectification.  If  it  contains  any  pentachloride^  which 
will  be  the  case  if  the  stream  of  chlorine  has  been  too  rapid,  it  must  be  digested  for 
some  days  with  phosphorus  and  then  rectified. — 2.  Dry  phosphorus  is  {^ed  at  the 
closed  end  of  a  glass  tube ;  a  few  lumps  of  mercuric  chloride  are  placed  upon  it ;  the  phos- 
phorus is  gently  heated  so  that  its  vapour  may  pass  slowly  over  the  mercuric  chloride, 
and  the  trichloride  of  phosphorus  thereby  produced  is  collected  in  a  cooled  receiver  and 
afterwards  rectified. 

Trichloride  of  phosphorus  is  a  thin,  transparent,  colourless  liquid,  of  specific  gravity 
1-61  (Pierre),  1-46  (bavy),  boilingat78®  to  78-60  under  a  pressure  of  761  to  767  mm. 
(Dumas,  Pierre,  Andrews),  at  73*8  under  a  pressure  of  760  mm.  (Begnault, 
Jahresb.  1863,  p.  70).  Vapour-density  =  4*79 :  calc.  (2  vols.)  »■  477.  Latent 
heat  of  viqwur  »  67*24  (Regnault,  Jahresb.  1863,  p.  77).  The  tension  of  its  vapour 
at  dififerent  temperatures  is  according  to  Regnault  (Jahresb.  1863,  p.  65)  as  follows: 


T<>inpera- 

Tention  of 

Tempers- 

TentloQof  ^ 

ture. 

Vapour. 

tore. 

Vapour. 

O^C 

.     37*98  mm. 

+  40O0 

.  341*39  mm. 

+  10 

.    62-88 

60 

.  486-63 

20 

.  100*66 

60 

.  674*23 

30 

.  166*66 
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Trichloride  of  phosphoms  acaicelj  reddens  litmos-paper.  It  dissolyes  phosphorus, 
but  quickly  deposits  it  again  in  the  amorphous  state,  on  exposure  to  the  air.  It  ab- 
sorbs chlorine  rapidly,  forming  the  pentachloride,  and  oxygen^  at  the  boiling  heat,  to 
form  the  oxychloride  (Br o die).  When  heated  in  the  flame  of  a  spirit-lamp,  it  takes 
fire  and  bums  with  a  bright  phosphorous  flame.  Potassium  bums  brigntly  in  its 
vapour ;  red-hot  iron-JiUnffs  decompose  it,  with  formation  of  phosphide  of  iron  and  ferric 
chloride.  Strong  nitric  or  nitrous  add  decomposes  it  with  violent  explosion. 
(Persoz  and  Bloch,  Compt.  rend,  xxviii.  86.) 

When  poured  into  water,  it  sinks  to  the  bottom  and  decomposes,  yielding  hydrochlo- 
ric and  phosphorous  acids : 

Pa«     +     8HK)       -       SflCl     +     PH«0«. 

When  exposed  to  moist  air,  it  slowly  decomposes  in  the  same  manner,  giving  off 
white  pungent  acid  vapours,  and  acquiring  an  acid  reaction. 

With  sulphydric  aeSd  it  forms  hydrochloric  acid  and  trisulphide  of  phosphorus, 
(SeruUas) : 

2PC1«     +     3H«S      -      6Ha     +     I»8«. 

With  phosphoretted  hydrogen  it  forms  hydrochloric  add  and  yellow  phoephoms, 
which  quickly  turns  red  on  exposure  to  light 

With  numatomic  alcohols,  ethers,  and  acids,  it  acts  in  the  same  manner  as  on  water, 
produdng  a  chloride  of  the  alcohol-radide  or  add-radicle  and  phosphorous  acid  or 
anhydride,  the  phosphorous  acid  sometimes  acting  farther  on  the  alcohol  to  form  a 
phosphorous  ether  (B^ champ,  Compt.  rend.  xL  944;  xli.  23).  Thus  with  ethylic 
alcoiol  it  yields  chloride  of  ethyl  and  phosphorous  acid  or  phosphorous  ether  : 

3(C«H».H.O)     +     PC1»        -        3C*H»C1      +     PHK)» 
and  3(C«H».H.O)     +     PHK)»     -     P(C«H»)«0«     +     8H«0. 

Anhydrous  ether  (ethylic  oxide  or  anhydride)  does  not  act  on  the  trichloride  at  ordi- 
nary temperatures,  but  when  the  two  uquids  are  heated  together  to  180^ — 20<F  in 
sealed  tubes,  chloride  of  ethvl  and  phosphoroos  anhydride  are  produced,  the  latter  being 
partly  resolved  by  the  heat  into  phosphoric  anhydride  and  red  phosphoros : 

3(C«H»)«0     +     2PC1»       -       6C?H»C1     +     P0«. 

With  aeetie  acid  and  anhydride  it  vielda,  under  similar  circumstances,  chloride  of 
ace^l  and  phosphorous  add  or  anhydride. 

Efeated  with  ethylic  acetate  to  160^ — 180®  in  a  sealed  tube,  it  yields  chloride  of  acetyl, 
chloride  of  ethyl,  and  phosphoric  anhydride : 

8(C«H»0.C«H».0)    +     2PC1»     -     3C«H»0C1    +    3C«H»a    +    P«0". 

From  the  ethers  of  the  glyooUie  or  lacUo  series,  C'E'^O',  it  abstracts  the  elements  of 
water,  converting  them  into  ethers  of  the  acrylic  series,  (>H>-*0*,  according  to  the 
general  equation : 

8OH"-0»     +     pa*      «      30B>-K)»     +     PH»0»     +     3HCL 

(Frankland  and  Duppa,  p.  278.) 

Zinc-^hyl  acts  very  violently  on  trichloride  of  phosphoros,  producing  triethyl- 
phosphine  and  zinc-chloride : 

2Pa«  +  3Zn''((?H*)«     «     8Zn"Cl*  +  2P(C*H»)«. 

Similar  products   are  obtained  with  einc-methyl  and  zine^myl   (Hofmann   and 
C a h  ours).    See  Phosphobus-basbsl 

Ammonta^as  is  rapidly  absorbed  by  the  trichloride^  forming,  if  rise  of  temperatore 
be  prevented  by  external  oooUng,  a  white  mass  which  was  formerly  regarded  as  a  defl- 
nite  ammonio-trichloride  of  phosphorus,  5NH*.PC1*,  and  was  supposed  to  be  resolved 
bv  heat  into  ammonia,  hydrogen,  phosphorus-vapour  and  a  residue  of  dinitride  of  phos- 
phorus PN*  (see  GmeUn's  Handbook^  ii.  481).  But  this  ammonio-trichloride  has 
never  been  obtained  pure,  and  its  very  existence  is  doubtfuL  The  product  of  the  re- 
action of  ammonia  on  the  trichloride  appears  indeed  to  consist  mainly  of  a  mixture  of 
sal-ammoniac  and  phosphoroao-triamide,  formed  accc»ding  to  the  equation,  PCI'  + 
GNH*  wm  3NH^C1  +  N'H'P,  and  yielding,  when  ignited  without  access  of  air,  a 
reaidne  of  phosphoroso-diamide  and  phosphoroso-monamide  (p.  499). 

VentaeliloHde  of  Vlioaiilionu  or  VlioBpl&orlo  OUoride.  PCI*.  Perchloride 
of  Phosphorus.^-^ThiB  compound  is  produced  by  the  action  of  chlorine  in  excess  on 
phosphoros  or  on  the  trichloride. — 1.  Dry  chlorine  is  passed  in  a  rapid  stream  into  a 
large  retort  or  Woulffe's  bottle  containing  phosphoros,  wnich  must  be  kept  cool  at  flrst, 
as  otherwise  the  heat  developed  by  the  reaction  will  cause  the  trichloride  of  phosphoros 
produced  in  the  first  instance  to  distil  over.    Afterwards^  when  the  absorption  of  the 
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cblorine  beoomes  slower,  the  reaction  may  be  aasisted  by  a  gentle  heat.  Amorphous 
phosphorns  exposed  in  the  state  of  powder  to  the  action  of  a  rapid  stream  of  chlorine  is 
at  once  converted  into  the  solid  pentachloride. 

2.  Phosphorns  is  also  rapidly  converted  into  pentachloride  when  introduced  into  sul- 
phide of  carbon  previously  saturated  with  chlorine ;  and  when  chlorine  is  passed  to 
saturation  into  a  solution  of  phosphorus  in  sulphide  of  carbon,  the  liquid  on  cooling 
deposits  the  pentachloride  in  ciystals.  This  last  method  is  now  much  used  for  the 
preparation  of  the  compound  on  the  large  scale;  but  according  to  Hugo  Mnller 
(Zeitschr.  Ch.  Pharm.  1862,  p.  295),  the  pentachloride  thus  prepaz«d  almost  always  con- 
tains free  phosphorus,  especially  when  too  strong  a  solution  has  been  used,  or  the  liquid 
has  been  too  strongly  cooled  before  the  formation  of  the  pentachloride  is  complete.  The 
impure  product  thus  obtained  has  a  dull  waxy  aspect,  different  from  the  shining  straw- 
yellow  crystalline  character  of  the  pure  pentachloride,  and  changes  more  or  less,  in  course 
of  time,  into  the  liquid  trichloride.  Moreover,  if  the  proportion  of  free  phosphorus  in  it  is 
lai^,  it  may  become  dangerous,  as  the  reaction  between  uie  free  phosphorns  and  the  pen- 
tachloride may  then  be  attended  with  a  rise  of  temperature  high  enough  to  produce  ex- 
plosion. The  product  is  also  liable  to  be  contaminated  with  a  sulphur-compound, 
resulting  from  the  action  of  the  sulphide  of  carbon  on  the  pentachloride.  For  tbese 
reasons  Miiller  recommends  the  preparation  of  pentachloride  of  phosphorus  from  the 
trichloride  as  follows. 

3.  A  small  quantity  of  the  trichloride  is  introduced  into  a  wide-mouthed  capacious 
glass  vessel,  closed  by  a  perforated  caoutchouc  plate  through  which  the  chlorine  is  in- 
troduced. A  certain  quantity  of  phosphorus  is  then  dissolved  in  it ;  chlorine  gas  is 
passed  into  the  vessel  till  the  whole  of  the  phosphorus  is  converted  into  trichloride ;  a 
fresh  portion  of  phosphorus  is  added ;  more  chlorine  passed  into  the  yessel ;  and 
so  on  till  the  necessary  quantity  of  trichloride  is  obtained.  This  product  is  then  con- 
verted into  pentachloride  by  prolonged  exposure  to  excess  of  chlorine.  In  this  process 
the  trichloride  acts  as  a  solvent  of  the  phosphorus  in  place  of  the  sulphide  of  carbon 
used  in  the  ordinary  manufacturing  process.  If  the  product  obtained  by  either  of  the 
above  processes  still  retains  traces  of  trichloride,  it  may  be  purified  by  redistillation 
in  a  stream  of  chlorine. 

Properties. — Pentachloride  of  phosphorus  is  a  white,  or  more  frequently  a  straw- 
yellow  mass  of  more  or  less  compact  texture ;  it  crystallises  from  fusion  in  prisms 
(Davy).  Brodie  by  passing  chlorine  into  a  solution  of  phosphorus  in  sulphide  of 
carbon  obtained  it  in  distinct  rhombic  crystals.  It  sublimes  at  100^  without  previous 
fusion,  but  under  increased  pressure  it  melts  at  148®  and  boils  at  a  temperature  a  little 
above.  The  specific  gravity  of  its  vapour  is,  according  toMitscherlich,  4*85  at  186^; 
according  to  C ah  ours  it  varies  from  5*078  at  182^  to  3*666  at  336®.     The  last  agrees 

31  +  5  .  36*5 
nearly  with  a  condensation  to  4  yolumes,  for  r x      0*0693     =     3*693. 

Probably  a  case  of  dissociation,  2  vols,  of  the  pentachloride  splitting  up  when  strongly 
heated  into  2  vols.  PCI*,  and  2  vols.  CI.     (See  ii.  817.) 

Deoompontiotis. — 1.  Pentachloride  of  phosphorus  bums  in  the  flame  of  a  candle,  and 
when  its  vapour  mixed  with  oxygen  ia  passed  through  a  red-hot  tube,  it  bums,  with 
formation  of  phosphoric  anhydride  and  liberation  of  chlorine,  and  according  to  Bau- 
drimont  (B^p.  Chim.  pure,  111,  114),  with  formation  of  oxvchloride  of  phosphorns. 

2.  Treated  in  like  manner  with  hydrogen^  it  yields  hydrochloric  add,  trichloride  of 
phosphorus,  free  phosphorus,  and  phosphoretted  hydrogen.    (B  a  u  d  r  i  m  o  n  t,  loe.  cit. ) 

3.  It  does  not  act  on  carbon  or  on  bromine,  but  with  iodine  it  forms  pentachloride 
of  iodine,  which  unites  with  the  excess  of  the  pentachloride,  forming  uie  compound 
PCIMCL  The  same  compound  is  formed  by  the  action  of  the  pentachloride  on  trichloride 
of  iodine:  Pa»  +  IC1»  -  PCIMCI  +  CI*;  also  by  the  direct  union  of  the  penta- 
chloride of  phosphorus  with  protochloride  of  iodine,  or  of  trichloride  of  phosphorns  with 
trichloride  of  iodine.    (Baudrimont^  B^p.  Chim.  pure,  iv.  60.) 

4.  Fused  with  sulphur,  it  yields  sulphoperchloride  of  phosphorus  PC1*S*  or  PC1*.2SC1 
(Gladstone,  Chem.  Soc.  Qu.  J.  iii  5).  With  selenium,  it  forms  the  compound  PKyl**Se 
or  2PCl».SeCl<.     (Baudrimont) 

5.  Heated  with  various  Tnetals  to  130^ — 140®,  it  forms  trichloride  of  phosphorns  and 
a  metallic  chloride,  which  generally  unites  with  the  excess  of  pentachloride,  forming  a 
double  chloride;  such  is  the  case  with  aluminium,  bismuth,  iron,  tin,  and  perhaps  uso 
with  mne  and  copper.  Gold  and  more  particularly  platinum  are  easily  attacked  by  the 
pentachloride,  the  latter  yielding  the  sublimable  compound  2PCl*.PtCl\  Antimony  is 
the  most  easily  attacked  of  all  metals  by  phosphoric  diloride.  If  the  metals  are  heated 
to  redness,  a  much  more  violent  action  takes  place,  phosphorus  being  snt  free,  and  a 
metallic  phosphide  sometimes  formed  (Baudrimont).  Potassium  heated  in  its 
vapour  bums  with  a  brilliant  light. 
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'  6.  PentaeUoride  of  phoephoros  heated  with  a  small  quantitj  of  water,  or  exposed  to 
moist  air,  in  which  case  it  gives  off  a  large  quantity  of  intensely  pungent  add  fomes^ 
is  resolved  into  hydrochloric  add  and  ozychloride  of  phosphorus ;  with  a  larger  quan- 
tity of  water  it  yields  hydrochloric  and  phosphoric  adds : 

PC1»  +  H»0     =     P0C1«  +  2HCL 

andPCl»   +  4HH)  -    PH^«  +  6HCL 

7.  Sidphydric  acid  in  like  manner  converts  it  into  hydrochloric  add  and  sulphochio- 
ride  of  phosphorus : 

Pa»  +  H^    -    PSC1»  +  2HCL 

8.  By  aXooiols  and  acids  it  is  decomposed  in  the  same  manner  as  by  water,  yielding 
hydrochloric  acid,  a  chloride  of  the  alcoholic  or  add  radide,  and  ozychloride  of  phos- 
phorus, or  phosphoric  add,  according  to  the  proportions  of  the  acting  substances,  the 
phosphoric  add  thus  formed  acting  further  on  the  alcohol  to  produce  a  phosphoric 
ether ;  thus  with  amylic  alcohol: 

C»H»».H.O     +     POT      -      C»H»»01    +     Ha     +     POOT. 

Amylk  akoboL  Chloride  of 

amyl. 

and  9(C»H»JI.O)  +  2Pa«     -     5C»H"a  +  5Ha  +   2UOB}'ySP0^   +  BK> 
Amylic  alcoboL  Chlorido  of  ukunjUc  phocphate* 

amyl. 

C?HH)«  +      POT    «    C*HH>Ci    +  HCl    +  POOT. 

Acette  Chiorid*  of 

add.  acelyL 

CHW  +  2PCl»    =    C»H*Oa»  +  2HC1  +  2P0CP. 

Lactic  Chloride  of 

add.  lactjl. 

With  some  diatomic  adds^  however,  it  first  forma  the  conesponding  anhydridea» 
which  are  then  converted  by  excess  of  the  pentachloride  into  the  add  chLoridea:  e^. 

C^HH)*  +  PC1»    -     C<H*0»        +  2Ha  +  POOT. 

Suodnlc  Succinic 

arid.  anhydride. 

C*H*0«  +  PCl»    -    C«H«0«a«  -¥  POOT. 

Socclnie  Chloride  of 

anhydride.  Suocinyl. 

Antimome  acid  and  boric  acid  are  also  dehydrated  by  i^  yielding  the  oorrespondinff 
anhydrides,  together  with  hydrochloric  add  and  oxyduoride  of  phosphorus  (Schif^ 
Ann.  Ch.  Phann.  cii.  111).  Strong  nitric  acid  acts  very  violently  on  the  pentachloride^ 
and  when  it  is  added  to  the  latter  by  drops,  hydroddorie  add  escapes,  and  if  the 
mixture  be  well  coded,  a  blood-red  liquid  is  obtained  whidi  yidds  by  distillation 
phosphoric  oxychloride  and  yellow-red  vapours,  probably  oonaisting  of  NO'CL 
(Schiff.) 

With  strong  stdpkuric  acid,  the  pentachloride  first  yidds  phosphoric  oxydiloride 
and  dilorhydrosuiphuric  add,  and  bv  prolonged  action,  chloride  of  sulphuiyl,  the 
so-called  chlorosulphuric  add  (SO*)''OT  (Williamson,  Chem.  Soc  Qu.  J.  tu.  186); 

Sulphuric  Chlorhydro* 

acid.  sulphuric 

add. 

SO»|^Q    +    PCa»    -    S0»C1«      +  POOT  +  HCL 

With  sulpkuric  anhydnde,  the  products  are  also  phosphoric  oxychloride  and  diloride 
of  sulphuiyl: 

SO*  +  Pa»    -    POOT  +  SOKJl*. 

With  itdphurous  an^dride  in  like  manner  chloride  of  thionyl,  (SO)''OT,  is  produced. 
On  phosphoric  anhydride,  the  pentachloride  does  not  act  in  the  cold,  but  when  heated 
it  acts  easily,  forming  phosphoric  oxychloride.  Glacial  and  syrupy  phosphoric  add 
tice  but  slightly  acted  upon  by  it  even  when  heated.    (Schiff.) 

9.  Hany  metaUie  oxides  and  salts  are  readily  decomposed  by  ignition  in  the  vapour 
of  phoepboric  chloride,  yielding  phosphoric  oxychloride  and  a  metallic  chloride  or 
oxychloride.  Such  is  the  case  with  the  oxides  of  cadmium,  manganese,  cobalt,  and 
chromium,  the  last  yielding  a  violet  sublimate  of  chromic  chloride.  Ferric  oxide  and 
alumina  yidd  slighUy  volatile  sublimates  consisting  of  the  douMe  chlorides  FeCl'.PCl* 
and  AIOT.POT,  respectively.  The  minerals  of  the  spinel  group,  when  finely  pulverised 
and  treated  in  like  manner  are  also  decomposed  with  more  or  less  fadlity,  chrome-irof^ 
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and  franJAimU   yielding   distillates   oontaining    ferric    chloride,    ^nnd        ^ 

chloride  of  alnminiam.  TitanaU  of  iron  yields  a  brown  sublimate  and  a  c[istiUato 
containine  the  chlorides  of  iron  and  titaniuiL  Finely  palyerised  mlica  yields  a 
fuming  distillate  which  is  decomposed  by  water,  with  formation  of.  gelatinous  silica ; 
feUpar  and  garnet  yield  similar  distillates  containing  also  chloride  of  alumi- 
nium. Tungatic  and  molyhdic  anhydrides  are  decomposed  in  a  similar  manner 
(Weber,  Pogg.  Ann.  cvii.  876,  Jahresb.  1859,  p.  79).  Tm^sUo  anhydride  heated  with 
pentachloride  of  phosphorus  yields  a  red-brown  liquid,  which  when  distilled  gives  off 
phosphoric  ozycmoride  and  leaves  a  substance,  probably  (WO*)rCl*,  which  sublimes 
u  yellow-red  vapours.  On  molybdie  anhydride  the  chloride  acts  more  violently,  the 
mixture  giving  off  thick  white  and  red  vapours,  and  leaving  a  thick  oily  liquid  which 
yields  by  distillation,  first  phosphoric  ozychloride,  then  molybdie  ozycfaloride,  then, 
probably  in  consequence  of  a  secondary  reaction,  a  red  woolly  sublimate  of  molybdie 
dichloride  (Schiff).  Areeniout  anhydride  is  easily  decomposed  by  pentachloride  of 
phosphorus,  yielding  phosphoric  ozychloride  and  tnchloride  of  arsenic ;  areeme  anhy- 
dride yields  the  same  products,  with  evolution  of  chlorine  (Hnrtzig  and  Oeuther, 
Jahreeb.  1857,  p.  186) : 

As«0»     +     3PCl»       «       8P0a«     +     2Asa« 

A8«0»     +     5PC1»       -       5P0CI*     +     2AsCl»     +     CR 

Chloride  of  ehromyl  (chlorochromic  acid),  CrO*Cl',  gently  heated  with  phosphoric 
chloride  yields  a  brown  mass ;  at  a  stronger  heat,  phosphoric  oxychloride  and  free 
chlorine  are  given  off,  and  there  remayis  a  blue  powcter  containing  chromic  and  phos- 
phoric chlorides,  and  converted  at  a  red  heat  into  violet  chromic  chloride : 

2CrO«Cl«     +     4POT       -      iPOOT     +     2CrCl«     +     sa* 

(Weber:  see  also  Schiff^  Jahresb.  1857,  p.  107).  Boric  anhydride  is  but  very 
slightly  decomposed  by  ignition  in  the  vapour  of  phoisphoric  chloride ;  iodic  anhydride 
very  easily  (W  eber).  Si  irate  of  silver  and  chlorate  of  potaeeium  are  decomposed  by 
phosphoric  chloride  at  ordinary  temperatures ;  tungetate  of  iron  (wolfram),  sviphate  of 
barium,  phosphate  of  sodium  and  other  salts  at  a  red  heat  (Weber).  The  decompo- 
sition of  chlorate  of  potassium  is  represented  by  the  equation : 

KaO>     +     3PC1*       =     8P0C1*     +     KCl     +     3C1«. 

Sometimes  also  a  detonating  gas  (hypochlorous  anhydride  or  chloric  peroxide)  is 
evolved,  probably  from  the  action  of  hydrochloric  acid  resulting  from  the  presence  of 
moisture  (Baudrimont\  According  to  Schiff  (Ann.  Ch.  !^iarm.  cvi.  116)  a  dark 
yellow  gas  is  given  off,  wnich  may  be  heated  without  exploding,  and  when  passed  into 
dilute  potash-solution,  forms  chloride,  hypochlorite  and  chlorate  of  potassium* 

10.  Metallic  sulphides  heated  in  the  vapour  of  pentachloride  of  phosphorus,  are  de- 
composed like  the  oxides,  yielding  metallic  chloriae  and  sulphochloride  of  phosphorus, 
PSCl^  but  generally  with  greater  facility  than  the  oxides,  and  sometimes  with  incan- 
descence. Iron  pyrites,  zinc-blende,  sulphide  of  bismuth,  realgar,  native  stdpMde  of 
antimony,  and  galena,  are  easily  and  completely  decomposed,  the  last  with  incandes- 
cence and  formation  of  a  brown-red  product,  probably  a  sulphochloride  of  lead ;  arseni- 
cal pyrites,  smaltine,  cobalt-speiss,  and  red  stiver  ore  are  likewise  easily  decomposed. 
Sdenide  of  had  yields  chloride  oif  lead  and  a  reddish  seleniferous  liquid  probably  con- 
taining seleniocmoride  of  phosphorus.  Metallic  arsenides,  such  as  arsenical  iron  and 
copper-nickel,  are  but  slowly  attacked  by  pentachloride  of  phosphorus.  ( W  eber,  loo.  cit.) 

11.  Sulphocyanate  of  potassium  gently  heated  with  pentachloride  of  phosphorus 
yields  gaseous  chloride  of  cyanogen,  sulphochloride  of  phosphorus,  and  chloride  of  po- 
tassium: 

KCyS     +     PC1»      »     CyCl     +     KCl     +     PSCJP. 

A  small  quantity  of  chloride  of  sulphur  is  likewise  formed.  At  a  higher  tempesatoie 
larger  quantities  of  chloride  of  sulphur  distil  over,  together  wiUi  trichloride  of 
phosphorus  and  solid  chloride  of  cyanogen;  and  a  reddish-yellow  residue  is  left,  from 
which  wator  extracts  chloride  of  potassium,  leaving  sulphur  and  yellow  decomposition- 
products  of  potassic  sulphocyanate.    The  first  reaction  is  probaUy : 

6KCyS     +     2PC1*      «       2Cy«Cl>     +     S*Ca*     +     2KC1     +     2K«8^     +     P*, 

the  free  phosphorus  and  the  disulphide  of  potassium  afterwards  acting  on  fresh  portions 
of  the  pentacoloride,  as  follows : 

P"         +     3Pa*     =      6Pa«; 

K«S«     +     PC1»       •      PSC1«     +     2Ka     +     S. 

The  yellow  products  above  mentioned  probably  arise  fkom  another  mode  of  decompo- 
sition of  the  sulphocyanate,  produced  simultaneously  by  the  heat.  (Schiff  Ann.  Ch, 
Pharm.  cvi.  116.) 
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With  phomkoreUed  kvdtogm  pentaehlovide  of  pliotphonis  fbrms  hjdzoehlorio  add 
Bzid  trichloziae  of  phospliorajB,  or  free  photphoroei  acf oiding  to  the  propartioiM : 

8Pa»      r       PH»       -        8Ha     +     4PC1« 
SPOT     +     5PH«      -       16HC1     +        P». 

12.  Pentaehloride  of  phosphonu  npidlyabioiiMiainiROfiia-flrM,  fonuDg  nl-muDODiae^ 

the  so-called  diloEophoephttiude  (p.  498),  ehloronitride  of  phoaphonui  and  perhaps 

other  ptoducta : 

PCI*     +     4NH"       -      N«H<Pa«     +     2NHKJI; 

ChloroirtKMphMiilde. 

and  Pa»    +     4NH»      -      PNOl*         +        SNH^CL 

Cbloronitrlda 
of  pbocphonw. 

It  vaa  formerly  anppoaed  alao  that  a  oompoimd  of  ammonia  with  the  pentaehloride 
was  formed;  but  this  does  not  appear  to  be  the  case.  (See  Gmdhtt  Handbook, 
ii.  482.) 

13.  Amide$  axe  decomposed  bj  pentaehloride  of  phosphoms  in  varions  ways.  Aoeia- 
mide  acts  Terj  Tiolently  on  the  pentaehloride,  and  on  distilling  the  product,  a  con- 
siderable quantitj  of  carbonaceous  matter  is  left,  while  a  compound  of  aoetonitrile 
with  trichloride  of  phosphorus,  CH'N.PC1',  passes  over  (Henke^  Ann.  Ch.  Phann. 
cri.  272).  Butyramtde  yields  in  like  manner  the  compound,  OH^.PCl*  (Henke) ; 
or  according  to  Cahours  (Compt  rend.  zzr.  326),  butyronitriI(^  ozydiloride  of 
phosphorus,  and  hydrochloric  add : 

(^H*NO     +     PCP      -     OH'N     +     POa»     +     2HCI 

Beruamide  yields  in  like  manner,  aeoordinff  to  Henke,  benzonitrile,  C*H*N,  oxyehloride  of 
phosphorus,  and  hydrochloric  add ;  acooiding  to  Gerhardt,  the  first  products  of  the  re- 
action are  oxyehloride  of  phosphorus^  and  the  compound  C^'NCl* : 

CH'No    +    pa»     «     P0C1»    +    C^'Na*; 

the  latter  being  subsequently  resolTed  into  Hd  and  O^H'NCl,  which  when  heated  is 
further  resoWed  into  HCl  and  C*H*N  f  benaonitrile).  Bidphopkmylmnide  (or  tm^kt- 
phfnylamie  aeid)^  CH'SO'N,  heated  wiui  pentaehloride  of  pnosphorus  yields  sulphiphe- 
nyiic  chlcxonitnde  (Gerhardt's  chloride  of  snlpbophenyiamiayl) ;  aoeording  to  the 
equation : 

(SO)-  Ig     +     PC1»      «      HCl     +     POa«     +     (80)%gj. 

Sulphiphenylamlo  Salphipbrnyllc 

idd.  chloronitrrae. 

Bentotulphophenylamide  yields  in  like  nanner  benaoralphiphenylio  chloronitride: 

Q   +   pci»    -    Ha   +   Poa«   +    (s^^'fa- 


C«H» 

(80)" 

H 


(Gerhardt^  Ann.  Ch.  Pharm.  cviii.  214;  compare  Fittig,  ibid  cvi.  277;  JahresK 
1858,  pp.  314—320.) 

Compounds  of  Pentaehloride  of  Phosphonts  vriih  other  Chlorides. 

These  compounds  are  obtained  dther  by  direct  combination  of  their  proizimate 
constituents,  or  by  the  aetian  of  Tarious  elementaiy  bodies  on  pentaehloride  of  phosphoms 
(p.  612).  They  are  all  less  Tolatile  than  the  latter,  and  may  be  freed  from  excess  of 
it  by  heating  finr  ten  to  twenty  hours  to  160^ — 18(P,  and  fiirther  purified  by  sublima* 
tion  at  a  higher  temperature.  They  are  all  solid,  volatile,  ftqne  in  the  air,  and  are  de- 
composed by  water,  in  some  cases  with  rise  of  tempentore.  (Bandrimont,  Oompt. 
reni  1?.  361 ;  Ann.  Ch.  Phy«j:4]  ii  6.) 

lodophoaphorie  chloride,  flC^  »  PCl'JCl,  is  obtained  by  the  action  of  iodine  on  the 
pentaehloride ;  also  fay  direct  combination  of  its  component  chlorides,  or  of  trichloride 
of  phosphorus  with  trichloride  of  iodine ;  or  by  the  action  of  trichloride  of  iodine  00 
pentaehloride  of  phosphorus : 

pa»   +   ia«     «     pia«   +    ci«. 

It  is  orange-yeUow,  and  may  be  obtained  by  distillation  in  beautifol  needles  which 
quickly  absorb  moisture  and  deliquesce  to  a  conosive  liquid. 

Selenio-phosphoric  chloride,  P^Ol"  =  2PCI*.SeCl*,  obtained  by  direct  combination 
is  orange-yellow,  boils  at  220<^,  and  acquires  a  transient  red  colour  when  heated  till  it 
volatilises. 

Mwminthphosphoric  chloride,  PAICI"  =  PCllAlCl".— This  compound,  first  obtained 
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bj  Weber  (Pocg.  Ann.  cni.  375),  ii  piodnced  by  direct  combination,  by  heatbg 
ibelj  divided  atemina  in  the  yaponr  of  phon>horie  chloride  (Weber),  or  by  the 
action  of  almniniun  on  that  oomponnd  (Baudrimont).  It  is  white,  easily  i^ble, 
solidifies  in  the  crystalline  form  on  cooling ;  is  much  less  Tolatile  than  either  of  the 
component  chlorides  ^W  e  b  e  r),  boils  abore  400°  (B  an  d  r i  m  o  n  t).  It  is  decomposed 
by  phosphoms,  with  formation  of  trichloride  of  phosphoms;  forms  a  daik  red-biowh 
mass  when  heated  with  snlphnr ;  and  when  heated  with  chloride  of  potasaitmi,  giyes 
off  pentachloride  of  phosphoms,  and  is  oonverted  into  chloride  of  alnminiom  and 
potassium. 

Ferrico-^hotphoric  chloride,  FFeCl'  ss  PCl'.Fe'^Cl',  obtained  by  similar  proceflsea 
is  blown,  easily  fusible,  less  rolatile  than  either  of  the  component  ehlorides  (Weber); 
melts  at  98°  and  boils  aboye  280°.    (Baudrimont) 

Mereurioo-^hofphoric  chloride,  P£[fi*Gl"  *-  PCl*.3Hg'Cl',  forms  easUy  fusible 
needles  volatilising  at  about  200°,  and  decomposing  when  suddenly  heated.  (Bau- 
drimont.) 

Platinioo-phosphorie  chloride,  F^Cli*  »  2PC1*  R*^C1«,  obtained  by  the  action  of 
platinum  on  the  pentachloride,  is  an  amorphous  ochre-brown  mass,  which  volatilises 
with  partial  decomposition  at  temperatures  above  300°.    (Baudrimont) 

Stannico-^hosphoric  chloride,  FSnCf*  -i  PCRSn'^Cl^  produced  by  direct  combination 
or  by  gently  heating  the  compound,  2SCl^.SnCl*  with  trichloride  of  phosphorus  in  a 
current  of  diy  hydrochloric  acid  gas : 

2SC1^8na*     +     SPOT       -       Pa».Sn»'Cl*     +     2PC1»     +     S*a«; 

also  by  heating  the  same  oompoimd  with  pentachloride  of  phosphoms  in  a  stream  of 
chlorine  (Casselmann,  Ann.  Ch.  Pharm.  Izxziii.  267;  Jahresb.  1852,  p.  393).  It 
sublimes  in  brilliant  colourless  needle-shaped  crystals,  which  soon  crumble  to  an  amor- 
phous powder  even  in  closed  vessels  (Casselmann).  Melts  at  220^,  and  volatilises  with 
partial  decomposition.     (Baudrimont.) 

FBOSVKOSVS,  CWOMnOMTVmxnm  OV.  P*N"C1«.  Chlorophomhuret  of 
Vitrogen, — This  compound  was  discovered  by  W  o  h  1  e  r  and  L  i  e  b  i  g  (Ann.  CK  Pharm. 
zi.  146),  who  assigued  to  it  the  formula  P'N'Cl*  It  was  farther  examined  by 
Gladstone  (Chem.  Soc  Qu.  J.  iiL  135),  whose  analyses  appeared  to  confirm  this 
formula.  Laurent  however  (Compt  chim.  1850,  p.  387),  suggested  that  the  true  for- 
mula of  the  compound  was  PNCl*  derived  from  that  of  pentachloride  of  phosphorus 
by  the  substitution  of  1  at.  nitrogen  for  3  at.  hydrogen ;  and  the  correctness  of  this 
formula  has  been  established  by  the  recent  analyses  of  Gladstone  and  Holmes 
(Chem.  Soc.  J.  zvii.  225),  who  have  however  shown  that  it  must  be  tripled  in  accord- 
ance with  the  observed  vapour-density. 

Formation. — ^By  the  action  of  pentadiloride  of  phosphorus  on  ammonia,  chloride  of 
ammonium  (Wohler  andLiebig),  or  chloride  of  dimercurammonium  (white  precipi- 
tate).    (Gladstone  and  Holmes.) 

IVwaration, — 1.  Pentachloride  of  phosphorus  is  saturated  with  dry  ammoniacal  gas, 
and  the  white  mass  produced  is  distilled  with  water.  The  crystals  which  condense  in  the 
water  contained  in  the  receiver  are  then  collected  on  a  filter,  washed,  dried,  and  purified 
by  solution  in  hot  ether  and  recrystallisation  (Wohler  and  Liebig). — 2.  Penta- 
chloride of  phosphorus  is  placed  at  the  closed  end  of  a  glass  tube  three  feet  long,  and 
at  a  short  distance  from  it,  long  pieces  of  sal-ammoniac  are  introduced,  in  such  quan- 
tity that  the  tube  may  be  half  filled  with  them.  The  tube  is  then  laid  horizontally  in 
a  lone  furnace,  similar  to  that  used  for  organic  analysis,  and  the  sal-ammoniac 
heated  till  it  begins  to  volatilise ;  a  gentle  heat  is  then  applied  to  the  chloride  of  phos- 

Shoros,  so  that  its  vapour  may  slowly  pass  over  the  sal-ammoniac,  and  be  completely 
ecomposed.  A  large  quantity  of  hy(frochloric  acid  oas  is  evolved,  and  the  cool  part 
of  the  tube  becomes  filled  with  crystals  of  chloronitride  of  phosphorus.  This  portion 
of  the  tube  is  broken  ofi^  and  freed  from  sal-ammoniac  by  slightly  washing  it  with 
water,  and  the  compound  is  finally  purified  with  ether  (Wohler  and  Liebig). — 3.  An 
intimate  mixture  of  white  precipitate  and  pentachloride  of  phosphorus  is  genliy  heated 
in  a  fiask,  whereupon  a  brisk  action  ensues,  and  chloronitride  of  phosphorus  is  formed, 
together  with  chlorophoephamide,  mercuric  chloride,  and  sal-ammoniac.  The  product 
is  treated  with  water  which  dissolves  out  the  two  latter  substances,  and  from  the  residue 
when  dry  the  chloronitride  may  be  extracted  by  means  of  ether,  chloroform,  or  sulphide 
of  carbon.  This  method  is  easier  of  execution  than  the  preceding,  but  not  more  pro- 
ductive.   (Gladstone  and  Holmes). 

Propw^*.*— Chloronitride  of  phosphoms  separates  from  either  of  the  solyents  just 
mentioned  in  crystals  belonging  to  the  trimetric  system.''^    Specific  gravity  »  1*98; 

*  The  p^pft  bjr  GljuUtniip  and  HoIiikm  above  referivd  to  contAins  a  full  description  of  the  form  and 
optical  properties  of  these  crystals,  bj  Profeuor  W.  H.  Miller  of  Cambridge. 
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ttnall  crystals  or  a  film  of  the  melted  substance  float  however  on  water,  doubtless  from 

its  inabilitj  to  be  wetted.  Its  specific  refractiTe  energy  (».  e.  "  ^*^^dm^ty  )  **  ^T 
observation  0*316;  by  calculation  from  the  specific  refractive  energies  of  its  constituents 
(phosphorus  0*58,  nitrogen  0*238,  chlorine  0*242)  it  is  0*332  (Gladstone  and 
Holmes).  It  melts  at  about  110°  to  a  clear  liquid  which  boils  at  240° ;  it  volatilises 
slowly  at  ordinary  temperatures,  and  when  heated  gives  ofifa  dense  vapour  having  a 
peculiar  odour  (Gl  a d  s  to n  e).  It  gives  b^  analysis  25-96—26*44  per  cent,  phosphorus, 
11*73  nitrogen,  and  60*72 — 61*15  chlorine  (Gladstone  and  Holmes),  agreeing 
nearly  with  the  fonnula  FNCl^  which  requires  26*72  phosphoms,  12*07  nitrogen,  and 
61*21  chlorine.  The  vapour-densi^  (mean  of  two  determinations)  «■  12*21 ;  whence 
the  true  formula  of  the  compound  is  P'N'Cl',  which,  for  a  condensation  to  2  volumes, 
gives  for  the  calculated  density  the  number  12*10. 

Chloronitride  of  phosphorus  is  insoluble  in  water,  which  moreover  does  not  easily 
wet  it;  easily  soluble  in  alcohol,  ether,  ehhroform,  stUphide  of  carbon,  benzene,  oil  of 
turpentine  and  other  hydrocarbons.  It  is  not  decomposed  by  sublimation  in  hydrogen 
or  sulphydric  add  gas;  or  when  heated  with  iodine  (Gladstone).  When  ignited 
with  oxtde  of  copper,  it  yields  nitrogen  gas  and  nitnc  peroxide.  Its  vapour  passed 
over  red-hot  ir(hi,  yields  nitrogen  gas,  and  a  c^stalline  mass  consisting  of  chloride  and 
phosphide  of  iron  (Wohler  and  Liebig).  Heated  with  silver,  it  yields  chloride  of 
silver,  another  silver-salt  insoluble  in  nitric  acid,  and  ammonia;  it  is  decomposed  in  a 
similar  manner  by  silver  when  dissolved  in  ether,  the  solution  acquiring  an  acid 
reaction.  Its  alcoholic  solution  mixed  with  nitrate  of  silver,  yields  a  precipitate  of 
silver-chloride.  According  to  Wohler  and  Liebig,  it  is  not  attacked  by  sulphuric,  hy- 
drochloric, or  nitric  add,  even  when  heated ; '  according  to  Gladstone,  the  crystallised 
substance  ia  attacked  only  by  hot  Aiming  nitric  add,  and  more  easily  when  disisolved  in 
alcohol  or  ether. 

When  treated  in  alcoholic  solution  with  ammonia  or  potash,  it  is  immediately  con- . 
verted  into  pyrophosphodiamic  acid  (^.  p.)  (Gladstone  and  Holmes): 

2P«N«C1«  +    15H»0     »     3P«N^«0»  +    12HC1. 
Chloronitride  PTrouhos- 

<tf  phosphorus.  pDodumie 

acid. 


VSOBFHOSVSv  CB&OXOSIT&FBIBB  OV.     See  Fhosphobus,  Sulfhocklo- 
BZDi  of. 


PBOSVSOSUSi  CTAJrZBBft  OV.  Kemp  found  that  cyanogen  Uquefied  by 
strong  pressure  is  capable  of  dissolving  phosphorus;  and  Cenedella  (Ann.  Ch. 
Pharm.  xviii  70),  bv  heating  5  grains  of  phosphorus  with  20  grains  of  mercuric  cyanide, 
obtained  (unless  a  dangerous  explosion  took  place)  a  white  sublimate  which  had  a  very 
pungeut  odour  of  phosphorus  and  cyanogen,  and  dissolved  in  water  with  ebullition 
and  separation  of  phosphorus,  forming  a  solution  of  phosphoric  acid,  with  traces  of 
hydix>cyanic  add  (wndtn^s  Handbook,  viii.  147).  Neither  of  these  products,  however, 
appears  to  have  possessed  any  definite  character,  and  the  only  known  definite  cyanide 
of  phosphorus  yet  obtained  is  that  which  corresponds  to  the  trichloride. 

THeyaalde  of  PluMplionifl  or  Vbospbonnui  Cjraaide,  PCN*  or  PCy' 
(Hiibner  and  Wehrhane,  Ann.  Ch.  Pharm.  cxxviii.  254  ;  cxxxii.  277). — This  com- 
pound is  produced :  1.  Sy  heating  cyanide  of  silver  with  trichloride  of  phosphorus  in 
a  sealed  tobe : 

PC1»  +   SAgCy    -     PCy»  +  3Aga. 

2.  Together  with  chloride  of  cyanocen  and  chloride  of  silver,  by  heating  cyanide  of 
silver  with  a  solution  of  pentachloride  of  phosphorus  in  sulphide  of  carbon : 

POT  +  4AgCy     -    PCy»  +  CyCl  +  4AgCL 

It  is  not  formed  by  heating  other  metallic  cyanides  or  hydrocyanic  acid  with  trichloride 
of  phosphorus,  or  by  mixing  phosphorus  vapour  with  cyanogen  gas  or  vapour  of 
chloride  of  cyanogen. 

Preparation. —  Pyanide  of  silver  is  thoroughly  moistened  in  a  strons  tube,  which  is 
kept  cool,  with  trichloride  of  phosphorus ;  the  tube  is  sealed  and  heated  to  130® — 140^ 
for  six  or  eight  hours ;  the  product  is  then  warmed  to  drive  off  the  excess  of  the  tri- 
chloride; and  the  dry  residue  is  heated  to  130^ — 140^,  or  at  most  to  180^,  in  a 
retort  having  its  beak  directed  upwards  (best  in  a  slow  stream  of  carbonic  anhydride} 
till  it  sublimes.  The  retort  is  then  closed  air-tight  and  left  to  cool,  and  the  crystals 
of  phosphorous  cyanide  are  removed  from  the  neck  by  a  glass  rod;  20  to  25  grammes  of 
silver-cyanide  yield  4*5  to  4*8  grammes  cyanide  of  phosphorus. 

Properties. — Tricyanide  of  phosphorus  forms  long  white  needles  or  thick  plates, 
which  take  fire  even  on  being  touched  with  a  warm  gli^  rod,  and  gradually  disintegrata 
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in  contact  tritli  moist  air,  with  aepantion  of  ^o^honu^  formation  of  pfaoaphoroiis  add 
and  0Toliition  of  hydrocyanic  add.  It  melts  between  200^  and  203^,  and  remains 
liqnid  for  some  time  after  ftision,  bat  solidifies  on  bein^  touched  with  a  solid  body.  It 
boils  at  a  few  degrees  aboTe  its  melting  point  It  is  but  slightly  soluble  in  ether, 
chloroforM,  sulphide  of  carbon  or  tricJdortae  of^  phoe^horus,  more  easily  however  near 
its  melting  pomt  In  contact  with  water,  it  is  rapidly  decomposed,  fielding  hydro- 
cyanic and  pnosphoroos  acids.  With  ethylie  or  amylie  alcohol,  it  prodnces  the  corre- 
sponding phoephorons  ether,  together  with  a  huge  quantity  of  hydrocyanic  add  and  a 
fetid  body,  the  same  apparently  as  that  which  is  formed  in  the  preparation  of  cyanide 
of  ethyl  (ii.  211).  Acetic  acid  acta  on  phosphorous  cyanide  with  great  violence,  often 
produdng  separation  of  carbon.  With  valerianic  4loia  it  forms  hycutx^anic  add,  phos- 
phorous add  and  an  oily  body  exhibiting  the  reactions  of  cyanide  of  vtdeiyl.  Chlorid4 
of  acetyl  acts  upon  it  at  100°,  but  the  reaction  does  not  yield  any  easily  separable 
products.  It  is  not  acted  i^n  by  dry  ammonia  ga$  at  ordinary  temperaturefl^  but 
wh^'u  heated  in  that  gas,  it  is  converted  into  a  black  mass  insoluble  in  water. 

»a08»S0»ini.  BSTBCTZOW  AJn>  BSTXMATIOW  OV.  Fhosphons,  as 
already  observed,  occurs  in  naturo  most  frequently  in  the  form  of  a  phosphate.  The 
reactions  of  these  salts,  and  the  methods  of  estimating  the  phosphoric  add  or  tha 
phosphorus  contained  in  them  will  be  given  hereafter  (see  Pbosphobusv  Qztohh- 
ACIDS  of). 

In  the  lower  o^^gen-compounds  of  pho^horus,  namely  the  phosphites  and  hypo- 
phosphites,  the  phosphorus  ii  determined  by  converting  them  into  phosphates  by 
oxidation  with  nitnc  acid,  or  better  with  hydrodilorie  add  and  chlorate  of  potassiuni, 
or  bv  their  reducing  action  on  salts  of  gold  or  mercunr. 

Tlie  chlorides  of  phosphorus  are  analysed  bv  deoompoeing  them  with  water  or 
with  alkaline  Bolutions,  whereby  they  are  converted  into  hydio<£loiic  add,  and  phos- 
phorous or  phosphoric  add,  according  as  the  compound  operated  on  is  a  tri-  or  penta- 
ehloride.  id  the  latter  case,  the  phosphorus  may  be  immediately  predpitatod  as 
ammonio-magnedan  phosphate  ;  in  the  former  it  must  first  be  brought  to  the  state  of 
phosphoric  add  by  oxidation  with  nitric  add.  The  chlorine  may  be  determined  by 
predpitation  with  nitrate  of  diver.  The  same  method  serves  for  the  analysis  of  the 
bromides,  iodides,  and  cyanide  of  phosphorus. 

The  sulphides  of  phosphorus  may  be  decomposed  by  fosion  with  nitre  and  carbo- 
nate of  sodium,  or  by  treatment  with  hydrochloric  add  and  chlorate  of  potasdum.  In 
either  case,  the  phosphorus  is  converted  into  phosphoiric  add,  the  sulphur  into  sulphuric 
add,  and  tiie  former  may  be  predpitated  by  solution  of  magnesia  and'  ammonia,  Uie 
latter  as  a  barinm-saitb 

The  same  method  is  applicable  to  the  selenidesof  phosphoms. 

The  nitrogen-compounds  of  phosphorus,  viz.  thephosphamides  and  phos- 
phamic  acids,  are  decomposed  by  the  action  of  alkalis,  the  phosphorus  being  thereby 
converted  into  a  salt  of  phosphoric  add.  Chloronitride  of  phosphorus  is 
decomposed  by  treating  its  alcoholic  solution  with  ammonia,  whereby  it  is  converted 
into  chloride  and  pyropbosphodiamate  of  ammonium  (p.  617).  The  chlorine  is  then 
thrown  down  by  nitrate  of  diver  in  presence  of  nitric  add,  and  the  pyropbosphodiamic 
add  is  converted  into  phosphoric  acid  by  boiling  its  solution  for  some  time  with  hy- 
drochloric add.    (Gladstone  and  Holmes.) 

The  phosphorus  in  organic  compounds  is  converted  into  phosphoric  add,  dther 
by  fiision  with  nitre  and  carbonate  of  sodium,  or  by  Carina's  method  of  heating  with 
nitric  acid  in  seaJsd  tubes  (see  Analysis  Oboanic,  i.  248).  Many  animal  and  vegetable 
substances  contain  phosphorus,  partly  as  phosphoric  add,  partly  in  combination  with 
.tbet^^rganic  matter.  To  estimate  the  quantities  of  phosphorus  existing  in  these  two 
stat^,  a  known  weight  of  the  compound  is  boiled  with  hydrochloric  add,  whidi  dis- 
solves thj?  phosphate  present,  and  poedbly  another  portion  or  even  the  whole  of  the 
compoi^d,  though  that  is  seldom  the  case.  The  liquid  is  then  filtered  and  the  phos- 
phoric add  predpitated  as  ammonio-magnesian  phosphate.  Another  portion  ox  the 
compound  is  oxidised  by  one  of  the  methods  above  mentioned,  and  the  pnosphoric  add 
daterminsd  in  like  manner.  If  the  quantities  of  phosf»horic  add  obtained  in  the  two 
cases  are  equal,  it  may  be  concluded  that  all  the  phosphorus  in  the  original  compound 
was  in  the  form  of  phosphoric  add ;  if  on  the  other  hand  the  oxidised  portion  is  found 
fo  yield  a  larger  ouai^tity  of  phosphoric  add,  the  quantity  of  phosphorus  existing  in  the 
ffon-oxidised  oonaition  may  be  calculated  from  the  difiarence. 

G-Bseoos  compounds  of  phosphorus  and  hydrogen  aro  analysed  bypassing  them 
in  the  perfectly  dry  state  over  a  weighed  quantity  of  sulphide  or  chloride  of  copper, 
A'^ckel,  cobalt,  or  iron,  of  known  compodtion,  kept  at  a  moderate  heat  in  a  bulb-tobe. 
The  metal  vi  thereby  completely  converted  intojuiosphide,  and  the  sulphur  or  chlorine 
)>a8Se8'oir  as  sulphydric  or  hydrochloric  add.  The  bulb- tube  containing  the  metallic 
c|}loride'6V  sulphide  is  weighed,  first  empty,  then  with  the  chloride  or  sulphide  in  it, 
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and  lastly  at  the  completion  of  the  expenmeat  The  compoeitioii  of  the  chloride  or 
sulphide  used  being  previoHsly  known,  the  quantity  of  mc^  contained  in  it  is  also 
known  and  the  excess  of  w^ht  of  the  metallic  phosphide  over  this  gives  the  quantity 
of  phoBphoms  in  the  eas.  To  determine  the  quantity  of  hydrogen  that  was  in  combi- 
nation with  it^  the  sulphur  or  chlorine  that  has  united  with  this  hycbogen  must  be 
collected  and  estimated.  When  a  sulphide  is  used,  the  sulphydric  acid  produced  may 
be  passed  into  a  solution  of  lead  or  copper,  the  precipitated  sulphide  oxidised  by  nitric 
acio,  and  the  sulphur  precipitated  as  sulphate  of  barium  (see  Siilphub).  If  the 
original  metallic  compound  was  a  chloride,  the  hydrochloric  acid  which  passes  off  is 
passed  into  dilute  ammonia ;  the  resulting  solution  neutralised  with  nitric  acid,  and  the 
chlorinft  precipitated  by  nitrate  of  silver.  The  quantity  of  sulphur  or  chlorine  which 
has  been  expelled  as  a  hydrogen-compound  being  thus  known,  tne  quantity  of  hydrogen 
which  has  entered  into  combination  with  it,  which  is  the  same  as  that  originally  com- 
bined with  the  phosphorus,  is  easily  calculated.  This  method  gives  trustworthy  results 
ev^  when  the  phosphoretted  hydrogen  gas  is  mixed  with  a  considerable  quantity  of 
firee  hydrogen ;  for  the  sulphides  of  the  metals  above  mentioned  are  not  decomp«Bed 
by  free  hydrogen,  even  at  high  tempentures ;  neither  are  their  chlorides  decomposed 
by  that  gas  at  the  temperature  required  for  the  decomposition  of  the  phoq>horetted 
hydrogen,  especially  in  presence  of  an  excess  of  the  latter.  The  sulphides,  however^ 
give  for  the  most  part  more  exaet  results  than  the  chlorides. 

To  determine  the  total  amount  of  hydrogen  as  well  as  of  phosphorus  in  a  mixture 
of  phosphoretted  hydrogen  and  free  hydrogen,  the  gas,  after  being  thoroughly  dried,  is 
passed,  through  a  tube  containing  very  finely  divided  metallic  copper  heat^  to  redness. 
The  phosphorus  then  unites  with  the  copper,  and  the  hydrogen  thus  liberated,  together 
with  that  originally  existing  in  the  free  state,  passes  into  a  second  tube  containing  oxide 
of  copper  likewise  heated  to  redness,  whereby  the  hydrogen  is  converted  into  vapour  of 
water,  which  passes  on  and  is  collected  in  a  third  tube  containing  dry  chloride  of  calcium. 
The  incroase  of  weight  of  the  first  tube,  after  the  experiment  gives  the  quantity  of  phos- 
phorus, and  the  increase  of  weight  of  the  third  tube  gives  the  quantity  of  water  formed, 
whence  the  total  quantity  of  hydrogen  is  det^mined.  In  this  manner  the  relative  quan- 
tities of  free  hydrogen  and  phosphoretted  hydrogen,  PH',  in  the  gas  may  be  found. 
For  other  methods  see  H.  Boee.    (  Traiti  de  Ckimie  Analytique,  ii.  1 172.) 

Metallic  phosphides  are  analysed  by  dissolving  them  in  nitric  acid,  nitro-muri* 
atie  acid,  or  a  mixture  of  hydrochloric  acid  and  chlorate  of  potassium.  The  phosphorus 
is  thereby  completely  converted  into  phosphoric  acid,  the  metal  being  for  the  most 
part  dissolved  at  the  same  time.  The  metal  may  then  be  (wecipitated  fr^  the  solution 
by  sulphydric  acid  or  sulphide  of  ammonium  (after  the  excess  of  nitric  acid  has  been  driven 
off  or  nearly  neutralised),  and  from  the  filtnte  the  phosphoric  acid  may  be  precipitated 
as  ammonio-magnesian  phosphate.  If  pure  nitric  acid  has  been  used  to  diasolve  the 
compound,  the  solution  may  be  evaporated  to  dryness,  the  calcined  residue  decomposed 
bv  fbsion  with  an  alkaline  carbonate,  the  fused  mass  digested  with  water,  and  the  phos* 
phoric  acid  precipitated  from  the  filtered  alkaline  solution  as  above.  The  phosphide 
may  also  be^  decomposed  at  once  by  fusion  with  four  or  five  times  its  weight  of  a 
mixture  of  nitre  and  alkaline  carbonate^ 

Most  metallic  phosphides  are  insoluble  in  hydrochloric  acid,  even  when  heated. 
Nevertheless  when  a  very  small  quantity  of  phosphorus  is  associated  with  a  largo  quan- 
tity of  iron,  as  in  many  kinds  of  pig-iron,  the  whole  dissolves  in  hydrochloric  or  dilute 
sulphuric  acid,  the  phosphorus  passing  into  solution  as  phosphoric  acid.  (For  the 
methods  of  estimating  phosphorus  in  pig-iron,  see  iii.  373.) 

Testing  for  Jree  Pkosphorvs.'^Tht  properties  and  reactions  of  phosphorus  in  the  free 
state  have  been  already  described.  Oidinaiy  phosphorus  is  especially  distinguished  by 
its  ready  inflammability,  the  bright  flame  and  dense  white  fumes  of  phosphoric  anhy- 
dride produced  by  its  rapid  combustion,  and  by  the  peculiar  odour  and  luminosity 
in  the  dark  resulting  from  its  slow  combustion  at  orainaiy  temperatures.  Oils  and 
taity  substances  mixed  with  finely  divided  phosphorus  likewise  shine  in  the  dark  with 
a  greenish-white  light.  Small  quantities  of  phosphorus  in  the  state  of  vapour  or  me- 
chanically suspended  particles,  impart  a  peculiar  greenish  colour  to  the  flame  of  hydro- 
gen and  other  combustible  gases. 

When  the  quantity  of  free  phosphoms  mixed  with  any  substance  is  too  small  to  pro- 
duce luminosity,  it  might  be  detected  by  oxidising  it  to  phosphoric  acid  by  means  of 
nitric  add  or  hydrochloric  acid  and  chlorate  of  potassium,  and  testing  for  phosphoric 
acid  by  the  usual  methods.  But  when  phoflphorus  has  to  be  searched  for  in  cases  of 
poisoning,  this  method  is  of  no  value :  ror  phosphoric  acid  is  contained  in  most  of  the 
tissues  and  fluids  of  the  animal  body,  and  in  the  migority  of  substances  which  are  used 
as  food.  To  obtain  the  reactions  of  this  acid  in  the  substance  under  examination, 
affords  therefore  no  proof  that  phosphorus  has  been  administered ;  the  only  satisfactoi^ 
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eyidenoe  of  sach  adminifltntion  is  to  prodnoe  the  phosphonu  in  the  free  state,  or  at 
least  to  exhibit  its  luminosity. 

The  process  generally  nsed  fbr  this  purpose  is  that  deyised  by  Mi  t s  ch  e  rl  i  c  h  ( J.  pr. 
Ghem.  Lcri  238 ;  Jahresb.  1866,  p.  779).  The  suspected  substance  is  distilled  with 
water  and  sulphuric  acid  in  a  flask  fitted  up  with  a  deliyeiy-tube  bent  twice  at  right 
anffles  and  dipping  into  a  receiyer  containing  water,  which  must  be  kept  cool :  for  gases 
and  yapours  containing  free  phosphorus  do  not  exhibit  luminosity  when  their  temper- 
ature is  raised  aboye  a  certain  point.  The  distillation  is  performed  in  the  dark.  As 
soon  as  the  yapours  arriye  in  the  cool  part  of  the  tube,  a  continual  phosphorescent  liffht 
is  obseryed  therein,  generally  in  the  K>rm  of  a  shining  ring ;  at  the  same  time  globules 
of  phosphoros  are  deposited  in  the  receiyer.  In  this  maimer  1  pt.  of  phosphorus  may 
be  detected  in  100,000  pts.  of  substance.  The  luminosity  of  phosphorus  is  however 
preyented  by  the  presence  of  certain  yolatile  substances,  among  others  by  ether,  alcohol, 
oil  of  turpentine  and  ammonia.  Ether  and  alcohol  being  very  yolatile,  quickly  pass 
ofF  at  the  oommenoement  of  the  distillation,  so  that  their  disturbing  influence  is  soon 
eliminated ;  oil  of  turpentine,  on  the  contrary,  would  preyent  the  phosphorescent  appear- 
anee  during  the  whole  of  the  distillation ;  but  this  substance  is  not  likely  to  be  present  in 
matters  which  become  the  subject  of  medico-legal  inyestigations.  Ammonia  if  present 
win  be  retained  by  the  sulphuric  acid  in  the  flask. 

Scherer  (Ann.  Ch.  Pharm.  exii  214),  modifles  the  preceding  process  by  filling  the 
apparatus  berore  commencing  the  distillation,  with  carTOnic  acid  ^,  which  is  easily 
effected  by  throwing  a  few  lumps  of  chalk  into  the  flask  oontaimng  the  acid  liquid. 
The  phosphorescence  in  the  tube  is  then  seen  just  as  before  (the  oxygen  being  of  course 
not  completely  expelled),  but  the  conyezsion  of  the  phosphorus  into  phosphorous  acid  is 
in  a  great  measure  preyented,  so  that  a  larger  portion  of  it  is  collected  in  the  free  staU*. 
^e  water  in  the  condensing  yessel  shines  strongly  when  agitated  in  the  dai^  and 
giyes  a  blackish  precipitate  with  nitrate  of  silyer. 

Small  quantities  of  phosphoros  difi^sed  through  organie  matter  may  be  collected 
and  approximately  estimated  by  means  of  stdvhur.  The  substance  under  examinatioa 
is  mix^  in  a  tubulated  retort  with  dilute  sulphuric  add,  a  few  pieces  of  sulphur  are 
added,  and  the  whole  is  distilled  for  about  half  an  hour.  The  distillate  frequently 
contains  small  quantities  of  phosphorous  and  phosphoric  adds  formed  by  oxidation  of 
the  phosphorus  yapours.  It  may  be  treated  with  nitric  add  in  order  to  conyert  the 
whole  of  the  phosphorus  into  phosphoric  add,  and  the  quantity  then  determined  by 
preolpitatioB  as  ammonio-magnesian  phosphate. 

The  residue  in  the  retort  is  remoyed  after  oooliuff  and  the  lumps  of  sulphur  are  picked 
out  and  washed.  They  contain  all  the  free  phosphorus  in  the  original  substance  which 
has  not  passed  oyer  into  the  distillate.  If  the  phosphoros  is  in  excess,  its  combination 
with  sulphur  is  liquid  eyen  after  complete  coolinff ;  in  the  oontraiy  case,  the  compound 
when  oold  is  a  aoft^  plastic,  ciystaUine  mass.  If  the  sulphur  contains  only  2  per  cent, 
of  phosphorus,  it  may  still  ftime  on  exposure  to  the  air  eyen  after  dryins,  and  turns 
black  wnen  moistened  with  silyer^solution ;  the  latter  eflfoct  is  produced  indeed  eyen 
when  the  proportion  of  phosphorus  in  the  sulphur  does  not  exceed  1  per  cent.  Tlie 
phosphorised  sulphur  also  shines  in  the  dark  when  heated  to  lOO*'.  dj  digesting  it 
with  nitric  add,  the  phosphorus  contained  in  it  is  easily  conyerted  into  phosphoric 
acid,  which  may  then  be  predpitated  as  aboye.  (Lipo%itZ)  Pogg.  Ann,  xc.  600; 
Jahiesb.  1863,  p.  641.) 

Busart  (Compt.  rend.  xHiL  1126;  Jahresb.  1866,  p.  724)  employs  for  the  detec* 
tion  of  small  quantities  of  phosphorus,  the  production  of  phosphoretted  hydrogen  whidi 
takes  place  when  the  substance  containing  the  phosphorus  is  exposed  to  the  action  of 
naaceni  hydroaen.  The  substance  is  introduced  mto  a  generating  yessel  containing;  sine 
and  dilute  sulphuric  add,  and  fitted  up  like  Marsh's  apparatus  for  the  detection  of 
arsenic  (L  862).  If  phosphorus  is  present^  the  eyolyed  gas  will  contain  phosphoretted 
hydrogen  and  will  burn  with  an  emerald-green  flame.  The  green  colour  disappears  how- 
ever as  soon  as  the  end  of  the  tube  becomes  hot;  but  on  hcuding  a  piece  of  porcelain  in 
the  flame,  the  green  colour  again  becomes  yisible  where  the  flame  is  in  contact  with 
the  cold  surface.  If  the  end  of  the  tube  be  curved  and  made  to  dip  under  mercunr, 
with  only  the  very  extremity  projecting  above  the  surface,  so  as  to  keep  it  constantly 
cool,  the  gas  will  give  a  continuous  emeraldrgreen  flame,  surrounded  by  an  outer  pale  blue 
envelope.  Blondlot  (Compt.  rend,  lii  1197;  Jahresb.  1861,  p.  821)  recommends 
the  use  of  a  fine  platinuiQ  jet,  in  order  to  avoid  the  yellow  colouring  of  the  flame  pro- 
duced by  the  sodiun^  in  gflass.  As  commercial  zinc  often  contiuns  phosphorus,  and  it  is 
therefore  necessary  to  use  pure  distilled  zinc  which  yields  but  a  slow  stream  of  gas,  he 
collects  the  gas,  before  igniting  it,  in  an  apparatus  somewhat  like  a  Doberdner^s  pla- 
tinum-lamp. The  green  colouring  of  the  flame  is  more  or  less  interfered  with  by^  the 
presence  of  ormnic  matters,  namely,  alcohol,  ether,  volatile  oils  and  soluble  animal 
pabstances.      In  such  cases  the  gas  may  be  paiised  through  a  dilute  solution  of 
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feUver-nitntte,  and  the  reenltiiig  precipitate  treated  in  another  hydrogen  apparatna  as 
above.  By  this  means  also  the  presence  of  phosphorus  may  be  detected  alter  gradual 
oxidation,  and  when  it  no  longer  exhibits  luminosity  in  Mitscherlich's  apparatus. 

Fresenius  and'Neubauer  (Analyt.  Zeitschr.  p.  336)  object  to  the  preceding 
process,  that  the  large  quantity  of  zinc-salt  produced  in  the  liquid  interferes  with  the 
subsequent  examination  for  metallic  poisons ;  they  therefore  prefer  driving  out  the 
phospnorus  by  a  stream  of  carbonic  anhydride.  For  this  purpose  the  flask  containing 
the  suspected  substance  and  the  dilute  sulphuric  acid  ia  connected  with  an  apparatus 
for  generating  carbonic  anhydride,  and  is  also  provided  with  a  delivery-tube  connected 
with  a  XJ-tube  containing  a  neutral  solution  of  nitrate  of  silver.  The  whole  apparatus  is 
first  filled  with  carbonic  anhydride,  the  flask  then  heated  to  60°  or  70^  for  several  hours, 
the  stream  of  gas  being  kept  up  all  the  time ;  and  the  precipitate  formed  in  the  silver- 
solution  is  collected,  carefimy  washed,  and  treated  in  a  hvdrogen  apparatus  as  above. 

Scherer  (Ann.  Ch.  Pharm.  cxii  224)  employs  for  the  detection  of  phosphorus  a 
process  depending  upon  its  volatility  and  its  reaction  with  silver-solution.  A  piece  of 
thin  flltering  paper  moistened  with  nitrate  of  silver,  and  suspended  over  a  slightly  warmed 
liquid  containing  free  phosphorus,  soon  becomes  blackenec^  the  silver  being  reduced  by 
the  phosphorus.  As  however,  the  blackening  might  proceed  from  sulphydric  acid  evolved 
from  Uie  liquid,  it  is  necessary  in  the  first  instance  to  suspend,  in  the  flask  containing 
the  acidulated  liquid  under  examination,  a  strip  of  paper  moistened  with  solution  of 
nitroprussiate  of  sodium  or  acetate  of  lead ;  if  no  blueine  of  the  paper  takes  place  in 
the  one  case  or  blackening  in  the  other  it  may  be  inferred  that  the  liquid  does  not  give  ofi 
sulphydric  add,  and  the  blackening  of  the  paper  moistened  with  silver-solution  may  then 
be  attributed  to  the  presence  of  phosphorusi  If  a  considerable  quantity  of  silver^phos- 
phide  is  formed,  it  may  be  oxidised  by  chlorine-water,  and  the  resulting  solution  tested 
for  phosphoric  acid  with  a  magnesium-saU  or  with  molybdate  of  ammonium.  It  is 
necessary,  however,  to  make  a  comparative  experiment  with  an  equal  portion  of  the  clean 
paper,  as  phosphoric  acid  may  be  already  present  in  it.  Fresenius  and  Neubau  er 
\lws,  cit)  ODserve  also  that  the  blackening  of  the  paper  may  arise  from  certain  acids  gene- 
rated in  the  process  of  putie&ction,  and  would  therefore  in  some  cases  give  uncertain 
indications. 

For  the  more  certain  detection  of  phosphorus  in  all  eases  in  which  it  is  not  already 
wholly  converted  into  phosphoric  acid,  Fresenius  and  Neubauer  reoonunend 
the  following  series  of  operations : — 1.  It  must  be  ascertained  whether  the  substance 
shines  in  the  dark  when  agitated.  A  small  portion  is  then  to  be  tested  bv  Scherer' s 
method  with  strips  of  paper  moistened,  the  one  with  silver-  the  other  with  lead-solution ; 
if  only  the  former  is  blackened,  phosphorus  is  most  probably  present — 2.  A  portion  of 
the  suspected  substance  is  treated  by  Mitscheriich's  process  (p.  620).  If  no  phospho- 
rescence is  observed  in  the  tube,  and  no  free  phospnorus  collects  in  the  distillate^  the 
latter  is  to  be  tested  in  the  hydrogen  apparatus  (p.  620). — 8.  It  these  experiments 
give  only  negative  results,  the  substance  is  to  be  heated  in  a  stream  of  carbonic  anhydride, 
the  gas  passed  through  silver-solufaon  above  described,  and  the  resulting  precipitate,  if  any, 
treated  in  the  hydrogen  apparatus. — 4.  The  quantity  of  phosphorus  present  may  be  de- 
termined in  another  portion  of  the  substance  by  Mitscherlidi's  process  as  modifled  by 
Scherer  (p.  620).  The  flask  which  serves  as  a  receiver  is  to  be  connected  air-tight,  on 
the  one  side  with  the  ooodensing-tube  which  dips  into  the  water  in  the  receiver,  on  the 
other  side  with  a  U-tube  containing  neutral  silver-solution ;  the  distillation  is  kept  up 
for  2^  hours.  If  any  globules  of  phosphorus  collect  in  the  receiver,  they  may  be  col- 
lected and  weighed.  The  liquid  distillate  is  then  to  be  mixed  with  the  contents  of  the 
U-tube,  oxidised  with  chlonne-water,  and  the  resulting  phosphoric  acid  determined  in 
the  usiial  way. — 6.  Phosphorised  substances  which  have  been  exposed  to  the  air  for 
some  time  may  still  contain  part  of  the  phosphorus  in  the  form  of  phosphorous  acid. 
In  this  case  the  residues,  which  in  the  preceding  experiments  haye  given  only  negative 
results,  are  to  be  treated  as  above  described  in  the  hydrogen  apparatus,  the  evolution 
of  hydrogen  being  kept  up  for  several  hours,  while  the  apparatus  is  wanned  in  the 
water-bath,  the  evolved  gas  passed  through  a  U-tube  containing  silver-solntion,  and 
the  prec^itate  examined  for  phosphorus  as  above. 

Atomic  Weight  of  Phosphoru9,-^The  atomic  weight  of  this  element  was 
oonectly  determined  by  Berzelius  in  1816  (Schw.  J.  vii.  43).  By  decomposing  tri- 
chloride of  gold  with  phosphorus,  he  found  in  one  experiment  that  0*829  grm, 
phosphorus  threw  down  8714  grm.  gold,  and  in  another  0764  grm.  phosphorus 
threw  down  7*93  grm.  gold  :  hence  from  the  equation  6AuC9,'  +  P*  «>  3PC3,*  +  Au% 
taking  the  atomic  weight  of  gold  at  196,  the  mean  of  the  two  experiments  gives : 

p     ^     1-683    X    196    X    6     ^     3^.^^ 

16-644    X    8 

A  similar  experiment  with  nitrate  of  silver  gave  P  »  31*34. 
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Pelonse,  in  1847  (Compt.  rend.  xz.  1047),  bj  deoomposing  an  acid  aolntidn  of 
silTer-nitrate  with  trichloride  of  phoephorns,  obtained  a  higher  number,  vis.  32 ;  but 
the  reanlt  first  obtained  by  Berzeliua  has  been  folly  confirmed  by  the  more  recent  and 
reiy  careful  experiments  of  Schrotter  in  1863  (Ann.  Gh.  Pharm.  box.  202),  and  of 
Dumas  in  1860  (ibid,  cxiii.  28). 

Schrotter  burnt  weighed  quantities  of  amoiphonv  phosphorus  in  a  Btream  of  dry 
oxygen,  the  apparatus  beine  so  arranged  that  no  phoBphoric  anhydride  could  be  loet. 
In  ten  experiments  thus  made,  100  pts.  phosphorua  yielded  from  229*30  to  228*78  pts. 
phosphoric  anhydride,  P*0» — ^mean  22892 ;  whence  the  proportion  P* :  P"  +  80  « 
100  :  228*92  gives  P  «  81*03. — Dumas,  by  decomposing  very  pure  trichloride  of 
pho^horuB  with  a  standard  aohition  of  silver-nitrate  (2PC1*  +  SAg'O  •  PKH  + 
6AgCl),  obtained  in  fire  ei^rimentB  the  following  results  :-^ 

1*787  grm.  Pa*  required  4*208  silver  :  therefore  P  »  3101 

1*466                   „  3*464            „  81*00 

2066                   „  4-844            „  3100 

2*925                   „  6-890            „  81-04 

8*220                  „  7-682            „  8109 

From  all  these  results,  the  number  81  is  now  universally  adopted  as  the  atomie 
weight  of  phosphoruB. 

»S08»B01tini.  r&VOmiBB  or.  PF*.  A  rery  volatile  compound  first 
obtained  by  Davy,  and  further  examined  by  Dumas.  It  is  prepared  by  distilling 
fluoride  of  lead  or  mercury  with  phosphorus^  a  phosphide  of  the  metal  then  remaining, 
while  fluoride  of  phosphorus  diatils  over.  It  is  a  colourless  inflammable  liquid,  which 
f^mes  stronflrly  in  the  air,  and  is  said  to  yield  by  combustion,  phosphoric  anhydride  and 
fluorine.     Water  converts  it  into  phosphorous  and  hydrofluoric  acids. 

PBOBFBOSUBf  BT]>&ATB  OV 1  The  white  crust  which  forms  on  the  suiv 
face  of  phosphorus  immersed  in  water,  is  said  by  Pelouse  to  be  a  hydrate,  P'.fi^O ;  but 
it  appears  rather  to  be  an  allotropic  modification  of  phosphorus  (p.  603). 

PBOBraOBVSf  BTBBZDBS  OV.    (See  Hydroobk,  Phospridbs  of,  iiL  199.) 

PBOSPBOBUSv  I09ZBBB  OF.  Two  of  these  compounds  are  known — namely, 
the  tri-iodide,  analogous  to  the  trichloride  and  tribromide ;  and  the  di-iodide,  of  which 
there  is  no  chlorine  or  bromine  representative.  The  di-and  tri-iodide  are  prepared  by 
dissolving  phosphorus  and  iodine  together  in  sulphide  of  carbon,  and  cooling  the  liquid 
artificially  till  crystals  are  deposited.  Whatever  proportions  of  iodine  and  phosphorus 
may  be  used,  these  two  compounds  always  oystaJHse  out^  mixed  with  excess  eitber  of 
iodine  or  of  phosphorus. 

The  di'iodide,  PP,  melts  at  110^,  forming  a  red  liquid,  which  condenses  to  a  light 
red  solid.  It  is  soluble  in  sulphide  of  carbon,  and  is  deposited  therefrom  in  fiattened 
prismatic  orange-coloured  crystals.  It  is  decomposed  by  water  into  hydriodic  and 
phosphorous  acids,  with  a  deposit  of  yellow  fiakes.  With  glycerin  it  yields  tritylene- 
gas,  a  distillate  of  water,  andiodo-tritylene  (iodide  of  allyl),  and  a  residue  of  oxygen- 
acids  of  phosphorus  together  with  free  iodine,  undeoomposed  glycerin,  and  a  trace  of 
red  phosphorus.    The  principal  part  of  the  reaction  appears  to  take  place  thus: 

C5^«0«     +     PP       =     C»H»I     +     PH«0«     +     L 
Olyoerin.  Iodide  of  Phcwpho. 

allyl.  roiM  add. 

This  iodide  appears  also  to  be  formed  on  dissolving  a  small  quantity  of  iodine  in 
melted  phosphorus  and  heating  the  mixture  to  about  126*^,  and  to  be  subsequently  do- 
composed,  yielding  amorphous  phosphoms  (p.  504).  When  phosphorus  is  melted^  in 
a  fiask  filled  with  carbonic  anhydride,  iodine  projected  through  an  upright  tube  reaching 
nearly  to  the  phosphorus,  and  a  genUe  heat  applied,  -violent  action  takes  place 
attended  with  development  of  intense  heat.  The  product  is  a  yery  hard  semi'metallie 
black  mass  of  amorphous  phosphorus,  yielding  a  red  powder.  The  first  stage  of  the 
reaction  is  the  formation  of  an  iodide  of  phosphoms,  probably  the  di-iodide,  in  which 
the  phosphorus  eodsts  in  the  amorphous  modification.  This  compound  is  then  deeom- 
posM,  with  separation  of  amorphous  phosphorus  and  formation  of  a  more  yolatile 
iodine-product,  which  reacts  upon  a  second  portion  of  phosphorus,  reproducing  the 
first  deoomposible  iodide,  and  so  on  continually.  In  this  manner  a  small  quantity  of 
iodine  can  convert  an  almost  indefinitely  large  quantity  of  phosphorus  into  the  amor- 
phous modification.    (Brodie,  Ghem.  Soe.  J.  y.  289.) 

Tri'iodide  of  Phosphorus  or  Phosphorous  Iodide,  PP,  melts  at  56®,  and 
ciystallises  in  well-defined  prisms  on  cooling.  It  is  very  soluble  in  sulphide  of  carbon, 
and  is  deposited  therefrom  in  dark-red  hexagonal  plates.  It  absorbs  moisture  from 
the  atmosphere,  forming  hydriodic  and  phof^orous  acids. 
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Prnta-iodide,  PI*  ?  Gay-LiUMac,  by  heating  1  pt  of  phofphonui  with  20  to  24  pt8.  of 
iodinei  obtained  a  blaek  aabstanoe  which  melted  at  40^,  and  waa  said  to  be  deoompoeed 
bj  water  into  hjdrochlorie  and  phoephoricacida.  Q^ia  decompoeitioD,  and  the  pio* 
portions  of  iodine  and  phosphorus  used  in  the  pieparatioD,  wonld  indicate  that  the 
compound  is  a  penta-iodide,  but  it  requires  re-exammation.    {B^rzeUu^  LeMmck,) 

WMOmWMO'WLVMf  MITBI9B  OF.  The  eompoand  obtained  by  satarating  tri- 
chloride of  phoephoms  with  ammonia-gas  and  heating  the  prodact  in  a  current  of 
carbonic  anhydride  (H.  Bos e),  or  by  passing  the  Tapour  of  trichloride  or  pentachloride 
of  phosphoros  orer  heated  sal-ammoniac  (Wohier  and  Lie  big),  was  originally 
supposed  to  be  a  di-nitride  of  phosphoros^  PN*;  buty  according  to  (^erhaidt,  the 
product  obtained  by  either  of  these  processes  contains  hydrogen,  and  consists  of  phos- 
pham,  PHN«(p.  497). 


»H08»B0»V8«  OZZBJMI  AMB   OXTC»W-ACI]>a    OF.      Three  anhy- 
drous oxides  of  phosphorus  are  known,  namely — 
Suboxide  of  x^hosphorus P^O 


Trioxideof  Phosphorus,  Phosphorous  Oxide,  or  Anhydride        .    PH)*  —  ^ 


P^ 


Pt 

Pentoxide  of  Phosphorus,  Phosphoric  Oxide,  or  Anhydride       .    PH)*  >-■   p. 


0» 

JO*. 


The  second  and  third  of  these  oxides,  which  are  analogous  in  composition  to  the 
chlorides  and  bromides,  unite  with  water,  forming  phosphorous  acid,  P'O'.SHK) 
or  PHH)*,  and  phosphoric  acid,  PK)*.SHH)  or  PH*0«.  There  is  also  another  acid 
of  phosphorus,  viz.  hypophosphorous  acid, PHH)*,  to  which  there  is  no  corre- 
sponding anhydride.  The  protoxide  of  ^osphine,  PHH),  is  not  known ;  but  it  is 
represented  by  the  compounds  PC1«0  and  P(C*H»)*0. 

The  three  adds  just  mentioned  all  contain  S  atoms  of  hydroeen,  having  in  fact 
the  composition  of  oxides  of  phosphine,  PH';  nevertheless  they  have  not  the 
same  basicity,  phosphoric  add  alone  being  properly  tribaaic,  that  is^  capable  of 
exchanging  ail  its  three  hydrogen-atoms  fat  an  equivalent  quantity  of  metal,  whereas 
phosphorous  acid  is  dibasic  and  hypophosphorous  acid  monobasic ;  thus : 

Hypophosphorous  add PHH)*  »  H.PHK)' 

Phosphorous  add PHH)*  »  H*.PH0* 

Phosphoric  add PHK)«  ^  H'.P0«. 

There  are  also  certain  acids  resulting  ftrom  the  dehydration  of  phosphoric  add — ris., 
pyrophosphoric  acid,  H*PK)*  —  2H*P0*  —  HK),  metaphosphoric  acid, 
HPO*  -  H'PO«  -  2HH),  and  sereral  polymeric  modifications  of  the  latter,  which  will 
be  noticed  hereafter. 

The  relations  of  hypophosphorous,  phosphoionB»  and  phosphoric  adds  to  one  another 
and  to  phosphorettea  hydrogen  or  phosphine -are  remarkable.  Hypophosphorous  acid, 
H*PO',  has  not  been  obtained  directly  from  phosphine ;  but)  on  the  other  hand,  it 
yields  phosphine  by  deoxidation,  as  for  example  when  zinc  is  dissolved  in  the  aqueous 
add,  either  alone  or  mixed  with  sulphuric  add.  The  solution  of  hypophosphorous  acid 
when  exposed  to  the  air  is  gradually  converted  into  phosphorous  add,  and  finally  into 
phosphoric  add.  When  heated  by  itself,  hypophosphorous  add  is  resolved  into 
phosphoric  add  and  phosphine:  2H»P0«  -  H»PO*  +  H*P. 

Phosphorous  acid  results  from  the  slow  oxidation  of  phosphine.  Conversely,  when 
phosphorous  add  is  acted  upon  by  sine,  or  sine  and  sulpnuric  acid,  it  is  deoxidised  to 
phosphine.  Phosphorous  add,  when  exposed  to  the  air,  takes  up  oxygen,  and  is  con- 
verteid  into  phosphoric  add.  When  heated  by  itself  it  breaks  up  into  phosphoric  acid 
and  phosphine :  4H*P0«  -  3H"P0*  +  H«P. 

Phosphoric  add,  H'PO^,  results  from  the  combustion  of  phosphine  in  air  or  oxygen; 
also  from  the  decompodtion  by  heat  and  direct  oxidation  of  hypophosphorous  and 
phosphorous  adds.  It  is  much  more  stable  than  either  of  the  other  two  adds,  but, 
like  them,  may  be  made  to  yield  phosphine  by  deoxidaUon,  namely  when  treated  with 
potasnum  or  sodium. 

•abMdde.  of  PlioaplMnub  PH).  When  phosphorus  is  burnt  in  air  or  oxygen, 
a  solid  oranse-ooloured  matter  is  left  behind,  whidi  uowly  deliquesces,  forming  phos- 
phorous ad£  A  similar  substance  is  formed  in  larger  quantity  by  passing  a  current 
of  oagrgsD-gas  through  phosphorus  melted  under  hot  water.  This  body,  when  dried  by 
pressure  between  filter-piu>er  and  freed  from  phosphorus  b^  treatment  with  sulphide  of 
carbon,  leaves  a  dark-rad  reddue  which  has  been  described  as  a  definite  oxide  of 
phosphorus,  but  is  now  generally  regarded  as  amoiphous  phosphorus  contaminated 
with  a  litde  phosphoric  add.  L e  verrier  (Ann.  Ch.  Pharm.  xxvii  167)  noticed  that 
when  small  pieces  of  phosphorus  covered  by  a  layer  of  tricUoride  of  phosphorus  were 
exposed  to  the  air,  a  peculiar  yellow  substance,  soluble  in  water,  was  prcduced.     At 
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an  increased  temperature  the  solution  deoompoeed  into  phosphoric  acid,  and  a  floccn- 
lent  substance,  which,  when  dried  in  a  vacuum  orer  oil  of  yitriol,  left  a  canaiy-yellow 
powder,  the  composition  of  which  was  represented  by  the  formula  P*0.  It  could  be 
preseryed  for  any  length  of  time  in  dry  air.  When  heated  it  acquired  a  bright-red 
colour,  but  was  unaffected  in  composition  by  a  temperature  of  800^ ;  when  more 
strongly  heated  it  took  fixe.    (See  trmdifCs  Handbook,  iL  110.) 

Bypopluwplioroiu  JLoid  ma  Salts. 

Htvopkosphobous  Acid,  H*P0',  is  obtained  by  decomposing  the  barium-«alt 
with  an  equiyalent  quantity  of  sulphuric  acid,  or  the  lead>salt  with  sulphydric  acid, 
and  eyapozating  the  filtrate : 

BaT^W     +     H«SO^      =      2H»P0«     +     Ba-SO* 
PbT«H<0*     +     H'S  -      2H«P0«     +     Ba*^ 

It  is  a  yiseid  uncrystallisable  liquid,  haying  a  strong  acid  reaction.  When  heated,  it 
is  resolyed  into  phosphoric  acid  and  phosphine:  2H'P0*  —  H?0^  +  H'P.  Its 
aqueous  solution  is  a  colourless  mobile  liquid,  which  when  exposed  to  the  air,  is 
oxidised  to  phosphorous  and  phosphoric  adds.  It  reduces  the  salts  of  silver  and  gM, 
with  precipitation  of  the  respectiye  metak.  It  also  reduces  solution  of  mercuric  chloride 
with  precipitation  of  calomel  or  of  metallic  mercury,  according  to  the  proportion  of  acid 
used  and  uie  temperature  at  whidi  the  reaction  takes  place.  By  teino  and  sulphuric 
acid  it  is  deoxidised  to  phosphine,  PH',  which  is  given  off  as  gas.  Heated  with  solu- 
tion of  ouiprie  eulphcUe  to  55° — 60^,  it  forms  a  precipitate  of  cuprous  hydride,  CnH 
(Wurts:  see  Goffbb,  iL  66).  This  reaction  distinguishes  hypophosphorous  from 
phosphorous  add,  which  it  otherwise  much  resembles. 

gypoplMMiplittea.-— MPHH)«,  or  WT*R*0*,  according  to  the  atomidty  of  the 
metaL  These  salts  are  prepared:  1.  By  neutnJising  the  acid  with  bases. — 2.  By 
boiling  phosphorus  in  alkaline  solutions ;  thus  with  lime  or  baiyta-water : 

aCa'HK)*  +  P«  +  6H«0     -     8Ca"H*PK)«  +  2PH». 

The  hypophosphite  of  caldum  or  barium  may  be  erystallised  out  fay  cautious  evapora- 
tion. Wnen  phosphorus  is  boiled  with  an  aqueous  solution  of  potassic  hydrate  a 
similar  reaction  takes  place,  but  much  phosphate  of  potassium  is  likewise  formed;  such 
is  not  the  case^  however,  when  an  alcoholic  solution  of  potash  is  employed.  Hypo- 
phosphites  are  also  formed,  together  with  phosphine,  by  the  action  of  water  on  the 
unpure  phosphides  of  barium,  caldum,  and  strontium,  obtained  by  heating  phosphorus 
wim  the  anhydrous  earths  (L  507,  719).  The  reaction  appears  to  be  much  the  same 
as  when  a  mixture  of  lime,  ^  and  phosphorus  is  acted  upon  by  watei. — 3.  By  double 
decomposition:  the  magnesium-salt,  for  example^  is  prepared  by  boiling  hypophosphite 
of  calcium  with  oxalate  of  magnesium. 

The  hvpophoephites  are  crystallisable  salts  soluble  in  water,  and  many  of  them 
also  in  aloohoL  Some  contain  water  of  crystallisation.  When  dry  they  are  permanent 
in  the  air ;  but  their  solutions  are  gradually  oxidised  on  exposure,  especially  at  the 
boiling  heat  When  boiled  in  alkaline  liqmds,  they  are  decomposed  into  phosphate 
and  hydrogen :  e,  g, — 

KPHK)«  +  2KH0     -     K»PO«  +  H*. 

The  dry  salts  decompose  when  heated,  giving  off  phosphoretted  hydrogen  (hence  they 
are  veiy  inflammable),  and  leaving  a  residue  of  pyrophosphate :  e.  g, — 

2BaT«H*0*     -     2PH»  +  HK>  +  Bi«PK)'. 

The  hypophoenhites,  like  the  aqueous  add,  act  as  powerfiil  reducing  agents,  espe- 
cially with  aia  of  heat  With  nitrate  of  diver  they  form  a  white  predpitate^  which 
quidkly  turns  brown  and  is  converted  into  metiJlic  silver. 

Quantitative  Jnaiysia  of  Hypopkoephitet, — The  quantity  of  phosphorus  in  a  hypo- 
phosphite may  be  determined  l^  converting  it  into  a  phosphate  by  oxidation  with 
nitric  add :  the  oxidation  is  not,  however,  complete  till  the  solution  has  been  evaporated 
down  nearly  to  a  syrup,  and  has  attained  a  high  temperature.  The  caldned  reddue 
ooDsiBts  of  a  metaphosphate,  MPO*  or  MT'O',  from  uie  weight  of  which,  if  only  one 
base  is  present,  the  amount  of  phosphorus  (or  the  equivalent  quantitjr  of  hypophos- 
phorous add,  H'PO*,  if  required)  may  at  once  be  calculated.  If  more  than  one  base  is 
present,  the  residual  salt  must  be  analysed,  by  the  methods  hereafter  to  be  described  for 
phosphates,  and  the  quantity  of  phospnorus  therein  determined. 

If  a  hypophosphite  contains  water  of  crystallisation,  its  amount  must  be  determined 
by  comparing  the  original  weight  of  the  hypophosphite  with  that  which  corresponds 
with  the  weight  of  metaphosphate  actually  obtained;  or  the  metaphosphate  may  be 
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analysed,  he  qnantitiea  of  add  and  base  in  the  hypophosphite  thenee  determined,  and 
the  water  estimated  by  difference. 

As  all  hypophoephites  are  soluble  in  water,  the  bases  may  be  precipitated  from  their 
solutions  by  the  cwdinaxy  reagents,  sulphydric  add,  sulphide  of  ammonium,  alkalis  &c. ; 
the  hypophosphoroiis  add  may  then  be  converted  into  phosphorie  add  by  oxidation 
with  mtne  acid,  or  better,  with  hydrochloric  add  and  cluorate  of  potaadum ;  and  the 
phosphoric  add  predpitated  as  ammonio-magneaian  phosphate. 

The  quanti^  of  phoaphoms  in  an  aqueous  solution  of  hypophosphorous  add  con* 
taining  no  fixed  baM^  and  no  other  add  except  nitric  acid,  is  easihr  determined  by 
addhig  to  the  solution  a  known  weight  of  recently  calcined  oxide  of  lead,  then  adding 
nitric  add,  eraporating  to  dryness,  and  oaldning.  The  residue  consists  of  a  mix- 
ture  of  oxide  and  phosphate  of  lead,  and  on  deducting  the  original  weight  of  lead-oxide 
added,  the  difference  gives  the  weight  of  phosphoric  anhydride  in  the  residue — whence 
the  phosphorus  may  be  calculated. 

Lastly,  hypophosphorous  add  may  be  estimated  by  itp  redudng  action  on  mercuric 
diloride^  1  at  of  the  add  predpitating  4  at  mercurous  chloride,  according  to  the 
equation : 

H«PO»  +  iHg^CP  +  2H*0     -    4Hga  +  H«PO«  +  4HCL 

The  aqueous  solution  of  the  add  or  of  a  hvpophosphite  is  mixed  with  mercurie 
chloride  in  excess,  and  a  small  quantity  of  hycbrochloric  add,  and  gently  heated,  care 
being  taken  not  to  let  the  temperature  rise  above  60^,  as  in  that  case  a  portion  of  the 
mercury  may  be  reduced  to  the  metallic  state.  The  predpitated  calomel  is  washed  on 
a  filter,  dried  at  100^,  and  weighed.  As  the  atomic  weight  of  calomel  is  vezy  consider- 
able,  and  as  4  at.  of  it  correspond  to  only  1  at.  of  hypophosphorous  add  or  of  pho^ 
phoruB  (4  X  285*5  or  942  pts.  HgCl,  to  66  pta  H'PO''  or  31  pts.  P.),  the  determination 
may  be  made  with  great  exactness. 

In  the  solution  fiRered  from  the  predpitate  of  calomel,  the  bases  may  be  determined 
by  the  ordinary  methods,  and  the  phosphorie  add  produced  by  the  oxidation  may 
also  be  predpitated  and  estimated,  as  a  verification  of  the  preceding  result. 

The  precipitation  of  gold  from  the  trichloride  by  hypophosphorous  acid  cannot  be 
employed  for  the  estimation  of  the  add,  as  the  reduction  is  never  complete. 

Hypopkosphite  of  Aluminiurn, — ^A  solution  of  alumina  in  the  cold  aqueous 
acid,  evaporated  under  the  ahvpump,  leaves  a  thick  gum,  which  gradually  dries  up  to  a 
shining,  gummy,  brittle  mass^  not  altered  by  exposure  to  the  air. 

Hypophoaphite  of  Ammonium^  (NH*)PHK)*^  obtained  by  predpitating  the 
barium-salt  with  sulphate  of  ammonium,  evaporating  the  filtrato  to  cbyness,  and 
exhausting  with  alcohol,  crystallises  in  large  six-dded  deliquescent  plates,  melting  at 
200°  and  decomposing  at  240^. 

Hypophoaphite  of  Barium,  Ba'T*H*0*.HK). — ^Prepared:  1.  By  warming  (not 
boiling)  jphosphorus  with  excess  of  baryta-water  (p.  524),  predpitatins  the  excess  of 
baryta  with  carbonic  add,  and  evaporating  the  filtrato  to  the  crystaUising-pmnt* — 
2.  Instead  of  baiyta-water,  the  ordinary  yellow  solution  of  barium-si^phide  may  be 
used.  This  when  heated  with  phosphorus,  gives  off  phosphoretted,  sulphuretted,  and 
pure  hydrogen  gases,  and  forms  a  solution  of  hypophospblte  and  sulphydrate  of  barium. 
The  latter  may  be  decomposed  by  carbonate  of  lead,  and  the  filtered  solution,  con- 
taining only  hypophosphite  of  barium,  errstallised  by  evaporation  as  before. — 3.  The 
salt  may  also  be  prepared  by  dissolving  phosphide  of  barium  (i.  507)  in  water. 

Hypophosphite  of  barium  ci^stallises  on  coolins  from  a  hot  saturated  solution,  or 
when  its  aqueous  solution  is  mixed  with  alcohol  tiU  it  begins  to  show  turbidity,  usually 
in  nacreous  flexible  needles  containing  1  at  water  of  czystallisation,  which  they  give 
off  at  100°.  They  are  permanent  in  the  air,  soluble  in  3  pts.  boiling  and  3*5  pta.  cold 
water,  insoluble  in  alcohoL 

The  anhydrous  salt,  BaT'H^O^  remains  behind  when  the  hydrated  salt  is  heated  to 
100°,  and  separates  directly  from  a  solution  evaporated  in  vacuo  over  oil  of  vitriol;  also 
when  the  solution  mixed  with  excess  of  hypophosphorous  add  is  evaporated  by  heat 
It  crystallises  in  shining  square  plates  unalterable  at  100°,  but  decomposed  at  a  strong 
heat  The  aqueous  solutiop  of  the  salt  heated  with  caustic  potash  quickly  gives  off 
hydrogen  and  depodts  phosphite  of  barium. 

Hypophosphite  of^  Cadmium  separates  fK>m  the  solution  of  eadmic  carbonate 
in  the  cold  aqueous  add,  by  evaporation  under  the  air-pump,  in  small  indistinct 
crystals. 

Hypophosphite  of  Calcium,  Ca'P*H*0*. — Prepared  by  boiling  phosphorus 
with  excess  of  lime-water,  removing  the  water  as  it  evaporates,  and  purified  like  the 
barium-salt;  also  by  dissolving  phosphide  of  calcium  m  water  (p.  524).  It  forms 
colourless  transparent  crystals,  whid^  according  to  H.  Rose,  are  rectang>ilar  prisms 
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frith  two  broad,  smooth,  naareom  &oe8,  while  the  other  faces  are  glaasj  and  less  smooth. 
According  to  Wurts,  the  salt  CTYStallisee  in  oblique  siz*sided  prisms.  It  has  a  bitter 
taste,  is  permanent  in  the  air,  dissolyes  in  6  pts.  of  cold  and  in  a  not  much  smaller 
quantity  of  hot  water,  is  insoluble  in  strong  and  but  slightly  soluble  in  weak  alcohoL 
The  crystals  do  not  give  oiF  anything  at  300^,  but  decompose  at  a  higher  tempera- 
ture. 

Hypophosphite  of  Chromium,  2Cr'^fl«FK)*.7HK),  or  (Cr*0*)'H«.P*HW.6H»0, 
is  obtained  by  decomposing  the  barium-salt  with  chromic  sulphate  and  eraporating 
the  filtrate,  as  a  dark-green,  amorphous,  fissured  mass,  which  giyes  off  water  at  200^; 
and  is  then  insoluble  in  water  and  in  dilute  adds. 

Hy^opkoBphite  of  Cobalt,  Co"P*H*0*.6H'0,  is  prenared  by  disBolnng  recentiT 
precipitated  cobaltous  hydrate  in  the  aqueous  acid,  or  by  aecomposing  the  barinm-eah 
with  cobaltous  sulphate,  and  crystallises  by  evaporation  in  red  efflorescent  octahedrons, 
which  give  off  their  6  at  water  of  ciystallisation  at  100^,  and  ace  easily  soluUe  in 
water. 

When  a  solution  of  hypophosphite  of  calcium  is  heated  with  oxalate  of  cobalt^  no 
complete  decomposition  takes  place  eren  after  a  considerable  time,  and  the  cobalt-hypo- 
phoephite  obtained  on  evaporating  the  filtrate  is  said  to  contain  only  8  at  water,  and 
to  be  less  efflorescent  than  the  preceding  salt 

Hypophosphite  of  Copper,  Cu'T*HK)*.— Prepared  like  the  oobalt-salt  The 
blue  solution  vhen  veiy  dilute  undergoes  scarcely  any  decompoeition,  even  when 
heated ;  when  somewhat  stronger,  it  deoompoees  quickly  even  at  60^,  depositing  cuprous 
hydride,  CuH  (Wur tz).  When  evaporatea  in  a  yacuum,  it  sometimes  yielda  ue  salt  in 
blue  dystals.    (Wurtz.) 

Hyvophosphite  of  Glueinum. — ^The  solution  evaporated  in  a  vacuum  over  oil 
of  vitriol  leaves  a  thick  gum,  which  dries  up  to  a  mass  havmg  a  vitreous  fracture. 

Hypophoaphites  of  Iron.^TheferrouB  »alt,  Fe*P*H*0*.6H«0,  is  formed,  with 
evolution  of  hydrogen,  when  metallic  iron  is  dissolved  in  the  aqueous  add.  The 
solution  evaporated  in  a  vacuum  over  oil  of  vitriol  deposits  the  salt  in  huge  green 
octahedrons,  which  give  off  their  6  at  water  at  100^.  When  moist  it  oxidues  very 
quickly  on  exposure  to  the  air. 

The  ferrie  salt  is  formed  by  dissolving  teniD  hydrate  in  the  cold  aqueous  add,  and 
separates  in  the  form  of  a  iniite  salt,  sparingly  soluble  in  the  ftee  add.  Ferric  hy- 
drate heated  with  hypophoaphozous  add  yields  fezrie  phosphate  and  ferrous  hypophoa- 
{^te. 

Hypophoaphite  of  Lead,  PbT'HH)*,  is  most  easily  pepared  by  digesting  the 
aqueous  add  with  carbonate  of  lead ;  if  oxide  of  lead  is  used,  the  add  takes  up  an  ex- 
cess of  it^  forminff  an  alkaline  solution  which  decomposes  when  evaporated,  depositing 
phosphate  of  lead  and  metallic  lead.  This  decompodtion  may,  however,  be  prevented 
by  aading  a  slight  excess  of  add;  and  the  solution,  if  then  evaporated,  depodts  the  salt 
in  small  rhombic  prisms  often  united  into  plates.  It  is  very  slightly  soluble  in  oold, 
more  easily^  in  hot  water,  forming  a  slightly  add  solution  from  which  it  is  predpitated 
by  alcohol  in  nacreous  scales.  It  is  permanent  at  100^,  but  decomposes  at  a  stronger 
heat. 

The  solution  of  this  salt  eadly  takes  up  an  additional  quantity  of  lead-oxide,  acquir- 
ing an  alkaline  reaction ;  it  then  decomposes  on  standing  and  more  quickly  if  heated, 
depositing  phosphite  of  lead  as  a  sandy  powder.  The  same  decomposition  is  induced 
by  addition  of  hamc  acetate  of  lead. 

The  aqueous  solution  of  the  neutral  salt  mixed  with  a  little  ammonia  depodts  a  small 
quantity  of  lead-hydrate ;  and  the  filtrate^  which  perhaps  contains  a  doubie  salt,  yields 
on  boiling  a  flooeulent  predpitate  of  tk  batie  salt,  said  to  contain  PbT'H^O«.5Pb''0.6H*0 
or  Pb'P%K)*.6Pb'^«0«  H*0.    (H.  R  o  s  e.) 

Hypophosphite  of  Magnesium,  Mg'T*H*0*.6H*0. — ^Prepared  by  double  de- 
composition ;  crystallises  in  large,  regular,  hard,  cdHorescent  octahedrons,  easfly  soluble 
in  water.    It  gives  off  6  at  water  at  100^,  and  the  sixth  at  160°. 

Hypophosphite  of  Manganese,  Mn'T*H*0*.H*0,  prepared  in  like  manner, 
crystallises  witn  difficulty  in  rose-red  scalenohedrons,  permanent  in  the  air,  giving  off 
their  water  at  100°. 

Hypophosphite  of  Nickel,  NiT*H*0*.6H»0.— Prepared  like  the  cobalt-salt; 
ciystaflises  in  green  cubes  or  octahedrons,  which  give  off  their  6  at.  water  at  100°. 
When  the  moist  crystals  are  heated  to  120°,  or  the  solution  to  100°,  partial  decompo- 
sition takes  place,  with  evolution  of  hydrogen  and  predpitation  of  metalhc  nickel. 

Hypophosphite  of  Potassium,  KPH*0*. — Prepared:  1,  By  boiling  aqueous 
or  alcoholic  potash  with  phosphoros  as  long  as  phospooretted  hydrogen  continues  to 
escape,  tJien  decanting  the  solution  from  the  undiMolved  phosphorus,  and  mixing  it 
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Vfith  acid  carbonate  of  potassium,  in  order  to  oonTort  the  remaining  caustic  potash  into 
carbonate.  The  solution  is  then  evaporated  and  the  residue  treated  with  hot  strone 
alcohol,  which  dissolves  the  hyphosphite  and  leaves  the  carbonate,  the  former  crystal 
Using  out  as  the  solution  oooLi. — 2.  By  decomposing  the  barium-salt  with  sulphate  of 
potassium,  or  the  calcium-salt  with  carbonate  of  potassium;  purified  as  above  by  treat- 
ment with  hot  alcohol. 

Hypophoephite  of  potassium  usually  forms  an  opaque  indistinctly  oystalline  mass, 
sometimes  however  exhibiting  six-sided  plates.  It  is  vezy  deliquescent,  more  so  than 
chloride  of  calcium,  easily  soluble  in  water  and  in  weak  spirit^  less  soluble  in  absolute 
alcohol,  insoluble  in  ether.    It  does  not  lose  weight  or  undergo  any  alteration  at  100^. 

*  Sypophoapkite  of  Silver. — ^Nitrate  of  silver  added  to  the  solution  of  hypophos 
phite  forms  a  white  precipitate,  which  however  quickly  blackens  from  reduction  of  the 
metal. 

Hypopkoipkite  of  Sodium,  prepared  like  the  potassium-salt,  crystallises  in 
nacreous  rectangular  tables,  somewhat  less  deliquesoent  than  the  potassium-salt,  easily 
soluble  in  water  and  in  aleohoL 

Hyp  ophosvhite  of  Strontium,  Sr'P'H^O*. — ^Prepared  like  the  barium-salt  with 
hydrate  or  sulphide  of  strontium.  The  solution  when  evaporated  yields  the  salt  in  warty 
crystals,  which  are  easily  soluble  in  water,  insoluble  in  alcohol,  permanent  in  the  air, 
and  do  not  lose  weight  at  100^. 

Hypophosphite  of  Zinc.  Zn'T»H*0*.HH),orwith  6H«0.—0bt«med  by  dissolving 
zinc  or  zinc-oxide  in  the  aqueous  add,  or  by  decomposing  the  barium-salt  with  zinc- 
sulphate.  By  evaporating  the  solution  it  is  obtained,  sometimes  in  regular  octahedrons 
containing  6  at  watej,  very  efflorescent,  and  losing  water  even  when  pressed  between 
paper,  sometimes  in  rhombohedral  crystals  containing  1  at.  water,  which  are  permanent 
in  the  air.  The  octahedral  salt  is  mostly  formed  by  spontaneous  evaporation  of  a  not 
too  concentrated  solution;  it  gives  off  its  6  at.  water  at  100°.  The  salt  is  easily  soluble 
in  water. 

Vliosplioroiis  Ojddep  Aold,  aad  Salts. 

TmoxiDB  09  Fhosphobits,  Prosphobovs  Oxidb  or  Anhtdbidb,  P*0'. 

The  only  reaction  which  yields  this  compound  is  the  slow  combustion  of  phosphorus 

in  dry  air  or  oxygen.  When  phosphorus  is  exposed  at  ordinary  temperatures  to  dry 
air  or  rarefied  oi^en,  it  glows  and  becomes  coated  with  trioxide;  but  the  reaction  is 
very  imperfect.  The  ordinary  combustion  of  phosphorus  in  air  produces  both  phos- 
phorus and  phosphoric  oxides,  together  with  some  suboxide,  or  perhaps  amorphous 
phosphorus  (p.  623).  The  best  mode  of  i)reparing  the  trioxide  is  to  bum  phosphorus 
in  a  very  slow  current  of  perfectly  dry  air ;  the  trioxide  then  condenses  beyond  the 
phosphorus  as  a  bulky  amorphous  sublimate. 

Phosphorous  oxide  forms  large  white  flakes  readily  volatile,  and  emitting  an  alUaoeous 
odour.  When  quite  dry  it  does  not  redden  litmus-paper.  It  absorbs  atmospheric 
moisture  with  avidity,  and  when  sprinkled  with  water  dissolves  rapidly  with  a  hissing 
noise,  producing  phosphorous  add,  PH)«  +  8H«0     «     2H»P0«. 

Phosphobotts  Acid,  H"PO*-s  P^fO*. — ^This  add  is  produced:  I.  By  the  action 

of  water  on  the  anhydride.— 2.  By  the  slow  oxidisation  of  phosphine,  this  sas  when  lefl 
over  well-aerated  water  being  gradually  absorbed,  with  formation  of  phosphorous  acid; 
again  2  volumes  of  phosphine  unite  quietiy  with  3  volumes  of  oxygen,  when  the  explosion 
of  the  gases  is  prevented  by  cooling. — 3.  By  exposing  sticks  of  phosphorus  to  moist  air, 
phosphoric  acid  being  produced  at  the  same  time.  (See  Phosphatic  Acm,  p.  499.  j 
4.  %y  the  action  of  phof^horus  on  sulphate  of  copper.  When  phosphorus  is  introduced 
into  a  solution  of  this  salt  (kept  saturated  by  the  immersion  of  crystals),  and  left  to 
act  at  the  ordinary  temperature  and  with  the  least  possible  access  of  air,  copper  is  first 
reduced  and  then  converted  into  black  phosphide  of  copper,  and  a  very  add  solution  is 
ultimately  obtained,  containing  nothing  but  phosphorous  and  sulphurii:;  acids,  the  latter 
of  which  may  be  removed  by  cautious  addition  of  lime  or  baryta.      (Schi  f  f,  Ann.  Ch. 

Phann.  cxiv.  200.) 
6.  By  the  action  of  water  on  trichloride  of  phosphorus:  8H*0  +    PCI*   «   HT?0« 

+  3HC1.  A  current  of  washed  chlorine  is  slowly  passed  through  a  layer  of  melted 
phosphorus  three  or  four  inches  deep,  covered  by  six  or  eight  inches  of  water,  so  that 
each  bubble  of  gas  may  be  completely  absorbed  by  the  phosphorus.  The  trichloride 
thereby  produced  is  immediately  decomposed  by  contact  with  the  water.  The  hydro- 
chloric acid  produced  in  the  reaction  is  expelled  by  evaporation.  Great  care  must  be 
taken  to  avoid  excess  of  dilorine,  as  that  would  give  rise  to  the  formation  of  phosphoric 
acid. 


5m  PHOSPHORUS:  OXYGEN-ACIDS. 

6w  By  the  actum  of  trichloride  of  phoephoras  on  oxalic  add :  1  at*  of  the  trichloride 
18  poQNd  upon  8  at  ciystaUised  oxalic  acid,  contained  in  a  retoit  havipg  its  neck 
directed  upwards  or  proTided  with  a  oondenain^-tube,  bo  that  the  trichloride  which 
Yolatiliees  may  flow  back  again.  Violent  action  immediately  takee  place,  accompanied 
by  evolntion  of  carbonic  anhydride,  carbonic  oxide,  and  hydrochloric  add ;  aa  soon  as 
it  is  over,  the  retort  is  to  be  gently  warmed  while  a  stream  of  dry  carbonic  anhvdride 
is  pasMd  thiooffh  it.  The  mass,  which  froths  at  first,  gradually  settles  down  mto  a 
dear  liquid,  which  solidifies  to  a  radiate  mass  of  phosphorous  add  ha?ing  a  slight  grey 
colour.    (Hnrtaigand  Genther,  Ann.  Ch.  Pharm.  cxi.  169.) 

Prcpertiea  and  Seactions, — ^Phosphorous  add  usually  exists  in  the  form  of  a  thick 
uncrystallisable  syrup,  but  may  be  obtained  in  the  crystalline  state  either  by  the  too- 
cess  last  described,  or  by  cooling  a  somewhat  concentrated  aqueous  solution.  The 
OTstals,  which  contain  H'PO",  melt  at  74°.  The  add  in  both  states  is  deliquescent, 
When  heated  it  is  resolved  into  phosphoric  acid  and  phosphine :  iH'PO*  « 
SH'PO*  •►  PH";  hence  when  heated  in  the  air,  it  undergoes  Tivid  combustion. 
According  to  Hurtrig  and  Geuther,  the  crystalline  add,  when  slowly  heated,  gives  off 
non-spontaneously  inflammable  phosphine,  produdng  white  fiimea. 

The  aqueous  sdution  of  phosphorous  acid  is  a  strongly  add  liquid  which  oxidises  to 
phosphoric  add  on  exposure  to  the  air.  It  is  a  powerfm.  reducing  agent,  decomposing 
the  salts  of  silver,  mereury,  and  aM  in  the  same  manner  as  hypophosphorous  add ; 
the  reduction  is  much  fiusintated  by  saturating  the  add  with  ammonia.  When  heated 
with  stUphuraus  acid^  it  yields  phosphoric  and  sulphydric  adds : 

8BPP0*  +  H«SO»    «     8H"P0*  +  H»8. 

If  the  sulphurous  add  is  in  excess,  the  sulphydric  add  is  decomposed  and  sulphur 
separated.  If  the  phosphorous  add  contains  any  arsenic,  that  metal  is  entirely  preci- 
pitated as  sulphide.  Jbrtewic  acid  is  reduced  by  phosphorous  add  to  arsenious  add, 
which,  if  the  materials  are  dry,  is  reduced,  by  tmon  with  excess  of  phosphorous  add, 
to  a  dark-brown  powder  of  metallic  arsenic.  Aqueous  |>hoephorous  add  dissolyes  eino 
and  iron  with  evolution  of  phosphine ;  it  likewise  gives  off  that  gas  when  treated 
with  zinc  and  sulphuric  add. 

ViMsplittas. — Of  the  three  hydrogen-atoms  contained  in  phoi^horouB  add,  only 
two  appear  to  be  replaceable  by  metals^  the  add  bdng  in  f&A  dibaaic,  and  forming  two 
series  of  metallic  salts— vi&,  neutral phoiphiies,  M*PHO';or  M'PfiO*,  and  aeid  pho^hitee, 
MHPHO*  OP  irH«P*HH>«  -  MTHO'J^HW,  according  to  the  atomidty  of  the  metaL 
The  third  hydrogen-atom  of  phosphorous  add  is  more  easily  replaceable  by  alcohol- 
radides,  produdngaleoholicphosphorous  adds  («.a.,ethyl-phosphorous  add,  H'.PCHK)'), 
still  containing  two  atoms  of  typic  hydrogen,  which  may  be  replaced  dther  by  metaU 
or  by  alcohol-radides.  In  the  latter  case  phosphites  or  phosphorous  ethers  are  formed, 
containing  8  atoms  of  alcohol-radide  (p.  633),  whence  the  add  has  bv  some  chemists 
been  reguded  as  tribanc ;  but  the  view  above  given  accords  best  with  its  relations  to 
metallic  bases,  and  with  the  position  which  it  occupies  between  monobasic  hypophos- 
phorous add  and  tribasic  phosphoric  add  (p.  623).  Moreover,  in  the  tri-alooholic 
phosphites,  P(C*H*)H)",  for  example,  2  atoms  of  the  aloohol-radide  may  be  replaced  by 
metus — ^for  example  by  K'  or  Ba;  but  the  third  atom  is  not  thus  replaceable  (p.  633). 

The  metallic  phosphites  are  obtained  sometimes  by  acting  on  the  add  with 
bases,  sometimes  by  double  decomposition.  They  are  more  stable  than  the  hypophos- 
phites,  but  are  all  decomposed  by  heat  Those  which  contain  water  of  crystallisation 
give  off  hydrogen  and  leave  pyrophosphates :  thus — 

2BaTH0«.H»0       -      :ria«PK)»     +     2H«; 

but  anhydrous  neutral  phoi^hites,  which  do  not  contain  suffident  hydrogen  and  oxygen 
for  this  mode  of  decomposition,  likewise  give  off  phosphoretted  hydrogen  and  leave  a 
more  basic  phosphate:  e,g, — 

5Pb''HP0«      «      Pb''0.2Pt«PH)'     +     PH«     +     H». 

The  neutral  phosphites,  excepting  those  of  the  alkali-metals,  are  but  sparingly  solu- 
ble in  water,  and  tne  lead-salt  is  almost  insoluble ;  tiie  add  phosphites,  however,  are 
soluble.  With  the  chlorides  of  barium  and  calcium,  solutions  of  the  alkaline  phosphites 
form  white  precipitates,  soluble  in  acetic  and  in  phosphorous  add — ^with  acetate  of  lead 
a  white  predpitate,  insoluble  in  acetic  add.  Solutions  of  phosphites,  unless  very  con- 
centrateo,  do  not  precipitate  the  solution  of  a  maffneeiumrsalt  in  aqueous  ammonia  and 
sal-ammoniac. 

The  solutions  of  phosphites  undergo  but  litUe  alteration  when  exposed  to  the  air  at 
ordinary  temperatures,  and  are  not  decomposed  by  boiling  with  caustic  alkalis.  They 
reduce  solutions  otaold,  silver,  and  mercury  in  the  same  manner  as  the  aqueous  add. 

The  methods  to  be  adopted  for  the  quantitHtive  analysis  of  phosphites  are 
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texactfy  the  same  ae  those  already  described  tat  the  hypophoephitee  (p.  624).  Neutral 
phosphites  oxidised  bj  nitric  acid,  or  by  hydrochloric  acid  and  chlorate  of  potassium, 
are  trajufomied  into  pyrophosphates : 

2M*HP0«     +     0*      •      M^O'     +     HK). 

Those  phosphites  which  are  insoluble  or  sparioffly  soluble  in  water,  may  be  dissolyed 
in  hydrochloric  add,  and  the  bases  precipitated  nom  them  by  the  usual  reagents. 

Phosphite  of  Aluminium, — ^A  saturated  solution  of  alum  mixed  with  a  strong 
solution  of  ammonium-phoe^hite  forms  a  precipitate  which  disappears  at  first,  becomes 
permanent  on  Airther  addition  of  ammonia,  but  does  not  separate  completely  till  the 
liquid  is  boiled.  It  forms  a  white  powder  when  diy,  and  decomposes  without  incan- 
descence when  heated. 

Phosphite  of  Ammonium^  (NH*)'PHO'.H'0. — ^Phosphorous  acid  saturated  with 
ammonia^  and  evaporated  over  sulphuric  acid  in  rarefied  air,  yields  this  salt  in  laif;e 
deliquescent  prisms,  soluble  in  2  pts.  of  cold  and  in  a  smaller  quantity  of  boililig  water. 
In  yacuo,  at  ordinary  temperatures,  the  cryst^  give  off  a  small  Quantity  of  ammonia, 
and  turn  acid ;  at  100°  tney  give  off  1  at.  water,  also  with  a  little  ammonia ;  and  at 
higher  temperatures  a  larger  quantity  of  ammonia,  leaving  almost  pure  phosphorous  acid, 
which  decomposes  when  more  strongly  heated.  The  aqueous  solution  when  eyaporated 
by  heat  also  giyes  off  ammonia  and  turns  acid. 

Phosphite*  of  Barium,— Tht  neutral  salt,  fiaTHO',  is  deposited  siter  a  few 
days  fipom  a  solution  of  an  alkaline  phosphite  mixed  with  chloride  of  barium,  as  a  ciys- 
taliine  crust  containing  ^  at  water  ^2Ba''PH0'.H^0).  It  is  but  sparingly  soluble  in 
cold  water,  and  is  decomposed  by  boihng  with  water  into  an  insolubM  basic  and  a  solu- 
ble add  salt  It  is  slightly  efflorescent,  and  giyes  off  its  water  of  crystallisation 
between  160^  and  200°. 

The  aeid  salt,  Ba''H*P'HK)*.HK),  is  obtained  by  digesting  the  neutral  salt  with  a 
quantity  of  phosphorous  add  not  quite  suffident  to  dissolye  it^  or  by  adding  baryta  or 
carbonate  of  banum  to  phosphorous  add  as  long  as  it  continues  to  dissolye,  and  eyapo* 
rating  the  filtrate  to  a  syrup  at  a  gentle  heat  On  leaving  this  liquid  in  vacuo  over  oil 
of  vitriol,  the  add  salt  is  deposited  in  warty  crystals.  It  is  soluble  in  water  but 
insoluble  in  alcohoL  The  aqueous  solution  decomposes  when  boiled,  the  neutral  sak 
separating,  and  a  more  add  salt,  not  yet  examined,  remaining  in  soluCion.  The  salt 
gives  off  1  at  water  at  100^. 

Phosphite  of  Bismuth,  obtained  by  double  decomposition,  is  a  white  predpitate 
which  when  ignited  after  drying  gives  off  pure  hydrogen. 

Phosphite  of  Cadmium. — ^White  predpitate,  which  gives  off  hydrogen  when 
distilled,  and  leaves  a  red  due  oontaimng  a  smiall  quantity  of  metallic  cadmium. 

Phosphites  of  Calcium.— The  neutral  salt,  CaTHO*.H*0,  separates  after  a  whila 
from  a  solution  of  the  ammonium-salt  mixed  with  chloride  of  caldum,  as  a  crystalline 
crust  sparingly  solnUe  in  cold  water.  The  solution  decomposes  when  heated,  depodting 

a  bade  salt  (?  tricaldc  phosphite,  Ca'P'O*),  while  an  add  salt  remains  dissolved.  The 
neutral  salt  gives  off  its  water  at  100^. 

The  acid  salt,  CaTa«P«H*0«.H*0,  is  obtained,  by  acting  upon  marble  with  aqueous 
phosphorous  add,  as  long  as  carbonic  anhydride  continues  to  escape,  as  a  crystalline 
crust  made  up  of  needle-shaped  crystala.  It  is  <solnble  in  water,  and  the  solution 
mixed  with  alcohol  depodts  the  neutral  salt,  while  a  very  add  salt  remains  dissolved. 
The  crystals  give  off  their  water  at  100^. 

Phosphite  of  Chromium  is  precipitated  on  mixing  chromic  chloride  with  an 
alkaline  phosphite,  but  does  not  separate  completely  till  the  liquid  is  heated.  When 
dry  it  is  a  loose  grey  powder,  which  is  decomposed  by  heat,  with  evolution  of  pure  hy* 
diogen. 

Phosphite  of  Cobalt  is  also  obtained  by  predjpitation,  and  separates  completely 
only  when  the  liquid  is  heated.  In  the  dry  state  it  is  a  pale-red  powder,  whidi  when 
heated  first  turns  violet^  then  black,  and  afterwuds  decomposes  with  ineandeseence  and 
evolution  of  hydrogen. 

Phosphite  of  Copper,  Cu'PH0«.2H«0.— Obtained  in  the  pure  state,  as  a  blue 
granulo*crystalline  predpitate,  on  mixing  a  solution  of  cupric  acetate  wi^  aqueous 
phosphorous  add ;  less  pure,  as  a  bluish-white  flocculent  precipitate,  by  twating  cuprio 
sulphate  with  an  alkaline  phosphite.  It  gives  off  water  when  gently  heated,  and  at  a 
higher  temperature  evolves  hyorogen,  and  leaves  cupric  phosphate  mixed  with  met4illic 
copper.  A  solution  of  cupric  phosphite  in  aqueous  phosphorous  add  also  decomposes 
when  heated,  with  separation  of  metallic  copper. 

Phosphite  of  Glueinum  is  a  gummy  predpitate,  white  and  pulverulent  when 
Vol.  IV.  MM 
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diy,  insoluble  in  water,  deoompoong  irhen  heated,  with  ineandeaecnee  and  eTohttion  of 
pure  hydrogen. 

Pho8phiteB  of  Iron, — The  firrotu  salt  is  a  white  precipitate,  which  in  the  moist 
state  oxidises  quickly  in  the  air,  turning  first  green  and  then  brown.  When  heated  it 
gives  off  pure  hydrogen. 

Ferric  salt. — ^Neutral  ferric  salts  are  completely  precipitated  by  alkaline  phosphites 
only  after  long  standing  or  with  the  aid  of  heat.  The  dried  precipitate  is  white  and 
pulverulent ;  it  glows  when  heated,  giving  off  hydrogen  mixed  with  a  little  phospho- 
retted  hydrogen. 

Phosphites  of  Lead.'^The  nsuiral  salt,  Pb*PHO",  is  obtained  by  precipitating 
neutral  acetate  of  lead  with  phosphorous  acid  or  phosphite  of  ammonium.  It  is  a  white 
precipitate  nearly  insoluble  in  water,  and  dissolving  but  sparingly  in  aqueous  phos- 
phorous acid,  much  more  easily  in  nitric  acid,  which  does  not  oxidise  it  in  the  cold;  it 
w  easily  oxidised,  however,  when  heated  with  nitric  or  sulphuric  acid.  It  does  not  give 
off  any  water  at  100^,  but  decomposes  at  higher  temperatures,  with  evolution  of 
hydrogen  and  phoephoretted  hydrogen,  and  leaves  a  phosphate  of  lead  (p.  628)  mixed 
with  a  little  pho^hide. 

A  compound  of  this  salt  with  chloride  of  lead  is  precipitated  on  mixing  a  boiling 
solution  of  chloride  of  lead  with  pure  phosphite  of  ammonium,  or  with  tridiloride  of 
phosphorus  which  has  been  decomposed  by  water  and  then  neutralised  with  ammonia, 
bv  continued  washing  with  boiUng  water  however,  this  double  salt  is  decomposed,  the 
whole  of  the  chloride  of  lead  being  r^noved,  and  pure  phosphite  remaining  behind. 

A  basic  phosphite  of  lead,  2{Ph'V.PhynG*).BK>,ii  formed  on  digesting  the  recentlv 
precipitated  neutral  salt  with  ammonia  in  a  flask,  and  afterwards  washing  it  with 
alcohol  (H.  Rose).  Another  basic  salt,  Pb"0.2Pb"PH0*,  is  formed  hj  precipitating 
basic  acetate  of  lead  with  phosphite  of  ammonium. 

Phosphite  of  MagnesiumiM  obtained  by  digesting  the  aqueous  acid  with  basic 
carbonate  of  magnesium,  and  evaporating  the  filtrate  under  an  exhausted  receiver,  as  a 
czystalline  crust  sparingly  soluble  in  water.  When  heated  it  gives  off  water  of 
orystallisation,  and  at  a  higher  temperature  decomposes  with  vivid  incandescence. 

Phosphite  of  magnesium  forms  a  sparingly  soluble  double  salt  with  phosphite  of 
ammonium — ^much  more  soluble,  however,  than' the  corresponding  phosphate. 

Phosphite  of  Manganese,  2Mn'TH0'.HK),  obtained  by  adding  an  alkaline 
phosphite  to  the  solution  of  a  manganous  salt  till  none  of  the  latter  remains  in  excess, 
lb  a  reddish-white  precipitate  which  is  not  quite  insoluble  in  water,  gives  off  its  water 
ol  crystallisation  in  drying,  and  decomposes  at  a  stronger  heat,  with  vivid  incan- 
descence, and  evolution  of  hydrogen  and  phoephoretted  hyotogen. 

Phosphites  of  Potassium, — The  neutral  salt,  K'HPO',  is  obtained  by  saturating 
the  aqueous  acid  with  potash,  and  evaporating  under  the  air-pump,  as  a  syrupy  mass 
in  wmch  crystals  form  after  some  time  only.  It  is  deliquescent,  easily  soluble  in 
water,  insoluble  in  alcohoL 

An  add  phosj^hiU  of  potassium,  K«H'PO»  -  K«PH0».2PH»0»,  is  produced  by 
exactly  neutralismg  1  pt.  of  aqueous  phosphorous  acid  with  hydrate  or  carbonate  of  po- 
tassium, then  adding  2  pts.  of  the  same  acid,  and  evaporating  in  vacuo.  The  liquid  then 
solidifies  completely  to  a  mass  of  laminar  ciystsls,  unctuous  to  the  touch,  having  a 
strongly  add  taste,  and  very  soluble  in  water.  The  salt  does  not  lose  weight  at  200°^ 
but  decomposes  at  260^,  with  evolution  of  hydrogen  and  phosphoretted  hydrogen. 

An  acid  potassium-salt  analogous  to  the  other  acid  phosphites  has  not  yet  been 
obtained.  A  solution  of  the  neutral  salt  mixed  with  as  much  phosphorous  acid  as  it 
already  contains,  and  evapoirated  in  a  vacuum,  yields  after  some  time  a  crystalline  crust 
of  the  acid  salt  just  described,  the  syrupy  moUier-liquor  retaining  nothing  but  neutral 
salt 

Phosphites  of  Sodium.— The  neutral  salt,  Na«PH0«.6H*0,  is  obtained  by 
neutralising  the  aqueous  acid  with  soda  and  evaporating  in  a  vacuum,  as  a  thick  syrup, 
which  after  some  time  solidifies  to  a  czystalline  mass.  According  to  Dulong,  the 
individual  crystals  are  rhombohedrons,  approaching  very  nearly  to  cubes.  They  are 
easily  soluble  in  water  and  in  alcohol,  hygroscopic,  and  deliquesce  quickly  on  exposure 
to  the  air,  but  effloresce  in  vacuo  over  oil  of  vitriol,  and  give  off  all  their  water  of  crys- 
tallisation at  100<^. 

The  acid  salt,  2Na'HT'0'.H'0,  is  analogous  in  composition  to  the  ac;id  potassium- 
salt  (excepting  that  it  contains  water  of  crystallisation),  and  is  obtained  in  a  similar 
manner.  The  solution  crystallises  completely  by  evaporation  in  vacuo,  yielding  shining 
prisms  very  soluble  in  water,  permanent  in  dry  air,  but  quickly  deliquescing  in  air  of 
the  ordinary  degree  of  humiditv.  The  salt  gives  off  its  water  of  crystallisation  at  200^, 
and  decomposes  at  250^,  evolvmg  a  large  quantity  of  phosphoretted  hydrogen. 
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Pkosphite  of  Btrontium,  2Sr^PH0*H'0,  is  prepaned  by  saturating  phos- 
phorous acid  with  carbonate  of  sta^ntiam  and  erapoiating.  A  solution  of  chloride  of 
Btiontiuin  mixed  with  phosphite  of  ammonium  yields  a  scanty  precipitate,  which  in- 
creases on  evaponting  the  uquid.  Phosphite  of  strontium  is  sparingly  soluble  in  water, 
and  is  decomposed  by  boiling  with  water  into  a  soluble  acid  salt  and  au  insoluble 
naereofus  basic  salt    The  ^  salt  is  decomposed  by  heat,  with  evolution  of  hydrogen. 

Photphites  of  Tin,^The  stannotts  ^It,  SnTHO*,  is  prepared  by  precipitating 
stannous  chloride  with  aqueous  phosphorous  acid,  and  thoroughly  washing  the  precipi- 
tate with  water.  It  is  white,  insoluble  in  water,  but  soluble  in  hydrochloric  acid, 
forming  a  solution  which  is  an  extremely  powerful  reducing  agent.  The  dry  salt  de- 
composes with  intumescence  when  heated,  giving  off  phosphoretted  hydrogen,  and 
leaving  a  black  residue. 

The  stannic  salt  is  obtained  by  mixing  aqueous  stannio  chloride  with  an  alkaline 
phosphite,  as  a  white  precipitate  which  dries  up  to  a  vitreous  brittle  mass.  When 
strongly  heated  it  gives  of^  not  hydrogen  but  water,  leaving  a  stannous  salt  soluble  in 
hydrochloric  acid. 

Phosphite  of  Titanium, — A  solution  of  titanic  chloride  yields  with  phosphite 
of  aminoninm  a  white  precipitate,  which  when  ignited  gives  off  hydrogen  and  phospho- 
retted hydrogen,  and  leaves  a  black  residue  containing  phosphoric  and  titanic  oxiaea 

Phosphite  of  ZinCf  2ZnTHO*.6H'0. — Alkaline  phosphites  precipitate  sulphate 
of  zinc  imperfecUy  in  the  cold,  completely  when  heated.  The  white  precipitate  is 
sparingly  soluble  in  water,  gives  off  its  water  in  drying,  and  when  more  strongly 
heated  gives  off  hydrogen,  mixed  towards  the  end  with  phosphoretted  hydrogen. 

AleolioUe  Vliosi»liitMk  Vhoftplioroiui  Btliera.  Phosphorous  acid,  though 
dibasic  add,  is  capable,  as  already  observed,  of  forming  ethers  in  which  1,  2,  or  8 
atoms  of  iiydrogen  are  replaced  by  alcohol-radicles.  If  one  of  the  three  hydiogen- 
atoms  be  regarded  as  alcoholic  (ii.  916),  and  the  other  two  as  basylous,  these  ethers  may 
be  represented  by  the  following  formuJs,  in  which  B  denotes  a  monatomie  alcohol 
radicle: 

R  . 
Hono-alooholie  phosphoroiis  ethers     H'.FBO*     —     F"  10* 

Di-alcoholic  phosphorous  ethers  RH.PRO*    *     F'VO* 


Tri-alcoholic  phosphorous  ethers        R'.FBO* 


HB) 
R 


»     F'lo* 
RM 


Those  which  contain  1  or  2  atoms  of  alcohol-radide  are  acid  ethers  capable  of  forming 
metalHo  salts ;  those  which  contain  8  atoms  of  alcohol-radide  are  neutral.  The  add 
ethers  are  produced  by  the  action  of  trichloride  of  phosphorus  on  the  corresponding 
hydrated  slcohols ;  the  neutral  etheici  by  the  action  of  trichloride  of  phosphorus  on  the 
corresponding  sodium-alcohols. 

There  might  also  be  mono-  and  di-alcoholic  phosphites,  constituted  according  to  the 
formula  HR.PHO"  and  R«  PHO". 

Amtlic  PKOBvuiTBa.^Amylphosphorous  acid,  C»H"PO«=H*.PC*H"0«. 
(Wurt^  Ann.  Ch.  Phys.  [8]  xvi.  227;  Ann.  Ch.  Pharm.  Iviii.  76.)— This  and  the 
following  compound  are  produced  by  the  action  of  trichloride  of  phosphorus  on  amvlic 
aleohoL  One  voL  trichloride  of  phosphorus  is  slowly  dropped  into  1  vol  amyHc  alcohol, 
and  a  small  quantity  of  water  very  slowly  added,  the  vessel  bdng  well  cooled.  After  all 
the  excess  of  chloride  of  phosphorus  has  been  decomposed  by  the  water,  the  mixture  is 
shaken  up  with  an  equal  volume  of  water ;  the  oily  mixture  of  amylphosphorous  add 
and  amyuc  amylphosphite,  which  rises  to  tJie  surface  on  lescvinff  the  liquid  at  rest,  is 
decanted  and  firaed  from  hydrochloric  add  by  repeated  washing  wiui  water ;  and  the  amy  1 
phosphorous  add  is  extracted  by  a  weak  solut  on  of  sodic  carbonate  (a  strons  solution 
would  likewise  dissolve  the  smylic  amylphosphite).  The  alkaline  solution  is  uien  sepa- 
rated mechanically  from  the  amylic  amylphosphite  which  floats  on  the  surface ;  the  portion 
which  still  remains  dissolved  therein  is  separated  by  agitation  with  common  ether;  and  the 
alkaline  solution  is  supersaturated  with  hydrochloric  add,  whereby  the  amylphosphorous 
acid  is  separated,  with  strong  turbidity,  and  at  first  rises  to  the  surface  in  the  form  of  an 
oil,  in  consequence  of  containing  ether,  but  sinks  to  the  bottom  after  the  ether  is  evapo- 
rated. Lastly,  to  free  this  oil  from  chloride  of  sodium,  it  is  dissolved  in  water,  repre- 
dpitated  by  hydroohloric  add,  gently  heated  after  the  hydrochloric  add  has  Men 
decanted,  and  placed  in  a  vacuum,  to  remove  the  water  and  hydroohloric  add. 

Amylphosphorous  add  is  an  oil  which  dnks  in  water;  it  is  nearly  inodorous  in  the 
fr^sh  state,  but  strongly  acid ;  dissolves  readily  in  toater,  and  is  predpitated  therefrom, 
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by  bydroehlorio  aeid.  It  yields  by  dry  distiUation  a  laige  quantity  of  oombiutible  gas, 
and  a  small  quantity  of  liquid  distillate,  leaving  phosphorous  aad,  which  when  mora 
strongly  heated,  gives  off  phosphoretted  hydrogen  gas.  It  burns  with  a  vety  smoky 
flame,  leaving  phosphorous  acid.  It  reduces  mlver-folU.  After  being  kept  for  some 
time  it  no  longer  dissolves  completely  in  water,  and  the  solution  quickly  deeomposes 
into  amylic  alcohol  and  phosphorous  acid.  The  acid,  separated  by  hydrochloric  acid  from 
the  sodium-salt  whieh  has  been  kept  for  some  time,  likewise  exhibits  this  behaviour. 
This  change  of  properties  is  perhaps  due  to  the  conversion  of  the  amylphosphorons 
add,  H«.PC»H>'0»,  into  monamylicphotphite,  C*H".HJ^O». 

Amylphosphorous  add  decomposes  alkaline  carbonates  with  effervescence;  its  salts 
decompose  readily.  The  potassium-  and  sodium^alts  can  only  be  obtained  in  the  gela- 
tinous state.  The  hariwfirsalt  dries  up  in  vacuo  to  a  soft  deliquescent  mass.  The 
lead-salt  is  a  white  curdy  predpitate,  which  decomposes  even  in  the  dry  state,  and 
quickly  when  moist^  giving  off  an  odour  of  fusel-oiL 

3.  Monamylio  Amylphosphite,  C»«H«PO»  «=  H.C*H".PC»H"0».  (Wurts, 
loe.  cit.) — Obtained  as  above,  and  freed  from  amylphosphorous  acid  by  washing  with 
dilute  sodic  carbonate  till  the  residue  no  longer  reddens  litmus;  it  is  then  washed  with 
water,  and  heated  several  times  in  vacuo  to  80° — 100^  to  drive  off  water  and  amylie 
ehloride.  Should  the  product  be  coloured,  in  consequence  of  the  temperature  during 
the  reaction  having  been  allowed  to  rise  too  high,  it  must  be  rectified  in  vacuo;  but 
this  process  is  always  attended  with  a  certain  amount  of  decomposition. 

Amylie  amylphoephite  \b  a  colourless  or  paIe>yellow  oil,  of  specific  gravitv  0'967  at 
19°.  It  boils  only  at  a  high  temperature,  and  with  some  decomposition ;  smeUs  slightly 
of  amylie  alcohol,  and  has  a  very  pungent  disagreeable  taste. 

When  passed  in  the  state  of  vapour  through  a  red-hot  tube,  it  yields  gases,  among 
which  phosphoretted  hydrogen  occurs.  It  may  be  set  on  fire  by  a  flaming  body  when 
strongly  heated ;  paper  so^ed  in  it  bums  when  set  on  firo,  with  a  white  phosphorus 
flame.  It  absorbs  enlorine  gas^  with  rise  of  temperature  and  evolution  of  hydrochloric 
add;  in  the  dark  at  0°  there  is  formed  heroby  a  product  containing  1  at.  chlorine ;  but 
under  the  influence  of  heat  and  light,  products  very  rich  in  chlorine  are  formed ;  these 
bodies  are  colourless  and  risdd,  and  decompose  after  a  while,  with  evolution  of  hydrochloric 
add.  nitric  add  acts  violently  on  amvlic  amylphosphite,  yellow  oily  drops  passing  over, 
and  a  strong  odour  of  valerianic  add  being  evolved.  When  it  is  boiled  with  solution  of 
mtroAs  qfrnver^  there  is  formed,  with  a  certain  amount  of  reduction,  a  black  magma 
containing  phosphate  of  silver.  When  exposed  to  moist  air  or  kept  in  loosely  dosed 
vessels,  it  ^raduall^  turns  add.  By  boiling  aqueous  alkalis,  it  is  quickly  resolved  into 
amylie  alcohol,  whieh  passes  over,  and  a  residue  of  alkaline  phosphite. 

Diamylie  Amylphosphite,  C"H^O«  -  (C*H")«POH»»0«.  (Railton,  Chem. 
Soe.  Qu.  J,  vii  218.)-— Produced  by  the  action  of  trichloride  of  phosphorus  on  amylate 
of  sodium,  the  proparation  being  conducted  in  the  same  manner  as  for  the  ooiTesponding 
ethyl-compound  (p.  633) : 

8C»H"NaO  +  POT     -     C>»BmPO«  +   SNaCL 

It  is  an  oily  neutral  liquid,  having  a  very  offensive  odour,  and  decomposing  more  easily 
than  diethylie  ethylphosphite.  It  boils  in  hydrogen  at  236°,  is  insoluble  in  water, 
soluble  in  alcohol  and  in  ether. 

Ethtlic      Phosphxtbs.  —  Ethylphosphorous     acid,     C*H»PO«         « 

CAM 
H».PC»H»0»      -         P^fO*.    (Wurts,  Ann.  Ch.  Phyat  [8]  xvi.   218.)— Ptoduced 

by  .the  action  of  tnchloride  of  phosphorus  on  hydrated  aloohol: 

2r^^*|oJ    4-   H*o    +    pa*    -     F*  to*    +   c«hk:ji   +   2Hci. 

Trichloride  of  phosphorus  is  added  drop  by  drop  to  the  alcohol,  in  a  vessel  kept  con- 
tinuaUy  cold  from-  without ;  and  the  mixture  is  evaporated  at  a  gentle  heat>  to  drive  off 
the  chloride  of  ethyl  and  hydrochloric  acid,  first  in  the  air,  and  afterwsrds  in  vacuo, 
the  vessel  containing  the  liquid  being  connected  with  an  air-pump  by  a  tube  contain- 
ing hydrate  of  potassium.  The  remaining  syrup  is  then  saturated  with  carbonate  of 
iMuriura,  aad  separated  by  filtration  from  phosphite  of  barium ;  the  filtrate  is  evaporated 
in  vacuo;  the  dry  residue  treated  with  absolute  alcohol;  the  liquid  filtered  to 
sewate  the  chloride  of  barium,  and  evaporated  till  the  barium-salt  crystallises. 

The  add  itself  is  scarcely  known,  in  consequence  of  its  great  tendency  to  resolve 
itself  into  phosphorous  acid  and  alcohol. 

It  is  capable  of  exchanging  one  or  both  of  its  basylous  hydrogen-atoms  either  fur 
motals  or  for  idcohol-radicles,  thereby  forming  both  add  and  neutral  salts.    The  acid 
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metallic  salts  are  prodaced  by  treating  the  acid  with  the  respective  bases  (Wnrtz^, 
the  neutral  salts  by  the  action  of  strong  bases  on  the  neutral  ethylie  ether  or  diethylie 
ethylphosphite, 

Barium-saits,— The  acid  salt,  Ba*H*  P^C«H»)«0«,  obtained  as  above  in  the  prepara- 
tion  of  the  acid,  is  a  white,  amorphous,  finable,  dc^quescent  mass,  which  swells  up  when 
subjected  to  dry  distillAtion,  giving  off,  first  certain  volatile  products  of  the  decompo- 
sition of  alcohol,  then  phosphoretted  hydrogen-gas,  and  leavmg  a  mixture  of  barytic 
phosphate  and  oxide  of  phosphorus  (or  red  phosphorus).  It  is  permanent  when  dry, 
out  in  solution  it  is  gradually  resolved  into  alcohol  and  barytic  metaphosphate, 
which  crystallises  out : 

BaTJPX(?H»)»0«     +     0«       -       2(C«H».H.O)     +     BaTPW. 

It  is  very  soluble  in  water  and  alcohol,  and  is  precipitated  fix>m  the  alcoholic  solution 
by  ether.    (Wurti.) 

The  neutral  barium-salt,  Ba'TG*HH)',  is  produced  by  adding  1  at  diethyUc  ethyl- 
phosphite  to  1  at  hydrate  of  barimn  dissolved  in  hot  water: 

(C«H»)«PC^K)«     +     Ba-HW      -      Ba'TCHK)*     +     2(0«H».H.O). 

On  gently  heating  the  mixture,  alcohol  is  given  off,  and  the  remaining  liquid  deposits 
the  barium-salt  on  evaporation.  It  does  not  crystallise.  It  may  be  evaporated  in  a 
water-bath  without  decomposing;  but  on  boiling  it  is  easily  resolved  into  alcohol  and 
monobaiytie  phosphite  (p^  529). 

2Ba'TC«H»0«     +     8H«0       -      2(C«H»H.O)     +     2BaTH0«.H«0. 

By  decomposing  this  salt  with  various  sulphates,  other  neutral  ethylphosphites  may 
be  obtained,  but  none  of  them  crystallise.     (Rail ton,  Chem.  Soc  Qu.  J.  vu.  219.) 

The  aoid  copper-salt,  obtained  by  precipitating  the  acid  barium -salt  with  sulphate  of 
copper,  and  evaporating  the  filtrate  in  vacuo,  is  a  blue,  amorphous,  soft^  deliquescent 
mass,  in  which  the  copper  \b  mdually  reduced.    (Wurts.) 

The  acid  lead^aalt,  obtained  by  saturating  the  acid  with  recently  precipitated  carbo- 
nate of  lead,  and  evaporating  the  filtrat«  in  vacuo,  ibrms  shining,  unctuous,  crystalline 
scales,  permanent  in  the  air,  soluble  in  water  and  alcohol,  insoluble  in  ether.  Thd 
aqueous  solution  gradually  deposits  phosphite  of  lead.    (Wurtz.) 

The  acid  potassium^alt,  obtained  by  precipitating  the  barium-salt  with  sulphate  of 
potassium,  and  evaporating  in  vacuo,  is  a  thick  uncrystallisable  syrup.     (Wurts.) 

Ethylobarytie     Ethylphoapkite,     C«H»Ba"P»0«     =     (0«H»)»Ba'XPC«H»0«)«       = 

(C«H*)»     ) 

(F")*  >0*. — This  salt  is  obtained  by  adding  2  at.  diethylie  ethylphosphite  to  1  at 
Ba^(C«H»)«3 

hydrate  a(  barium  dissolved  in  hot  water,  and  gently  heating  the  liquid  for  a  few 
minutes.  Alcohol  is  then  given  off,  and  the  liqui<(  if  carefully  evaporated  on  a  water- 
bath,  deposits  the  salt  as  a  confused  oystalline  mass : 

2        F"    }.0»        +     Ball'O'       -        (P^y      lO«     +     2(C«H»H.O). 

L(c«H«)*3    J  (C^*yBari 

This  salt  is  very  deliquescent,  extremely  soluble  in  water,  soluble  also  in  dilute  alcohol, 
but  only  slightly  soluble  in  absolute  alcohoL  It  does  not  decompose  at  108^. 
(Eailton.) 

Ethylopotassic  Ethylphosphite,  CEP.K.PCH^O',  is  obtained  by  decomposing  the 
barium-mlt  with  potassic  sulphate.  It  crystallises  with  difficulty  in  thin  plates 
radiating  from  a  centre.    It  is  deliquescent,  soluble  in  alcohol,  insoluble  in  ether.   ' 

The  sodium-salt  prepared  in  like  manner  resembles  the  potassium-salt,  but  has  not 
been  obtained  in  the  crystalline  state.  The  nickd-,  iron-,  einc-,  and  magnssium-wWa; 
obtained  in  like  mannet  are  also  non-crystalline,  and  extremely  soluble  in  water,  but 
appear  to  be  insoluble  in  alcohol.  On  decomposing  the  solution  of  the  barium-salt 
with  cupric  sulphate,  the  copper  was  reduced,  even  in  a  vacuum.     (Rail ton.) 

The  corresponding  hydrogen-salt,  or  ethyUc  ethylphosphite,  H.(?H».PC»H*0«,  has 

not  yet  been  obtained.  

C«H»  \ 

Diethylie   Ethylphosphite,    C^»»PO«     -        P^     V0».  (Railtan,  Chenu 

(C«H»)M 
Soc  On.  J.  vil.  216.)— Prodaced  by  the  aotion  of  trichloride  of  ^osphoms  on  ethylate 
ofsodiumi  ^ 

8C»H«NaO     +     PC1«      -       C«H»PO»     +     8NaCL 

1  at  trichloride  of  phosphorus  mixed  with  five  tinges  its  bulk  of  pure  ether  is  added 
by  small  portions  to  3  at.  ethylate  of  sodium  (prepared  by  acting  on  perfectly  anhydrous' 
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alcohol  with  Modiam  in  a  retort  provided  with  a  condeniiiDg-tttbe,  and  evaporating  to 
dryneas  at  120°),  the  retort  being  kept  at  the  boiling-point  of  ether  hj  a  water-bath. 
The  ether  is  then  distilled  off,  and  the  retort  transfenred  to  an  oil-bath,  in  which  it  is 
gradnallj  heated  to  200°,  and  kept  at  that  temperature  till  the  whole  of  the  ethylic 
phosphite  has  distilled  over.  The  distillate  is  rectified  several  times  in  a  coirent  of 
hydrogen,  the  portion  which  comes  over  at  188°  being  each  time  collected. 

Diethylic  ethylphosphite  is  a  neutral  somewhat  oily  liqnid,  having  a  pecnliarly 
offensive  odour.  Specific  gravity  »  1-075  at  15*5°.  Boiling-point  in  air,  101°;  in 
hydrogen,  188°.  Vaponr-deusity,  taken  in  an  atmosphere  of  hydrogen,  »  6*800  and 
6*877;  calc.  (2  vol.)  »  5763.  It  is  soluble  in  water,  alcohol,  and  ether,  and  bums  with 
a  bluish-white  flame.  Heated  with  baryta-water,  it  fields  the  barium-salt  (or  ethyl- 
barium-salt)  of  ethylphosphorous  acid,  according  to  the  proportions  used  (p.  633). 

H.CHK)) 

AcBTTL-PTBOPHOsPHOsous  AciD,  C'H«P»0«  =  (P^)«  lo».  (N.  Men- 
IP  i 
schutki  n,  Ann.  Ch.  Pharm.  cnxiiL  317.)—  This  acid,  whieh  is  produced  by  the  action 
of  phosphorous  acid  on  chloride  of  acetyl,  may  be  regarded  as  resulting  from  the  substi- 
tution of  acetyl  for  hydrogen  in  a  hypothetical  pyrophosphorous  acid,  P'H^O*,  related 
to  phosphorous  acid  in  the  same  manner  as  pyrophosphorie  to  orthophosphorio  add : 

a[^:jo.]    -    HK)     -    gjo.. 

Fhosphoroul  Pyrophot* 

acid.  phorouc  acid. 

To  prepare  it,  1  at.  phosphorous  acid  and  1  at.  chloride  of  acetyl  are  heated  together 
in  a  sealed  tube  to  120®,  in  an  oil-bath  for  60  to  65  hours,  the  tube  being  opened 
two  or  three  times  during  the  process  to  give  vent  to  the  large  quantity  of  hydrochloric 
acid  which  is  set  firee.  When  the  reaction  is  complete,  the  whole  of  the  chloride  of 
acetyl  is  found  to  have  disappeared,  and  the  tube  contaixis  a  perfectly  white  crystalline 
mass,  conaisting  of  acetyl-pyrophosphorous  acid : 

2PH«0»     +     2C»H«0C1       -       H«P((?H«0)0»     +     C«HK)»     +     2HCL 

To  purify  this  product,  it  is  first  dried  in  a  stream  of  carbonic  anhydride,  whereupon 
hydrochloric  and  acetic  acids  pass  off;  then  converted  into  a  potassium-salt,  which  is 
purified  by  two  or  three  crystallisations ;  from  this  the  lead-salt  is  prepared  by  precipi- 
tation ;  and  the  precipitate  decomposed  by  sulphydric  acid  yields  a  solution  of  pure 
acetyl-pyrophosphorous  acid.  On  evaporating  this  solution  to  a  syrup,  and  learing  it 
over  oil  of  vitriol,  the  acid  is  obtained  as  a  crystalline  mass,  very  much  like  crystallised 
phosphorous  acid,  but  less  deliquescent.  It  contains  PXC'H'0)H*0^2H*0;  gives  off 
Its  water  of  crystallisation  at  100° ;  does  not  fuse,  but  decomposes  when  strongly 
heated,  giving  off  phoephoretted  hydrogen. 

Acetyl-pyrophosphorous  add  appears  to  be  dibasic,  forming  salts  which  may  be 

B.C*H*Oi 
represented  by  the  general  formula,    (F")'     tO*.    The  potassium^alt  forms  crystabs 

liP  j 
which  contain  P«(C«H"0)HK*0».2JH»0,  give  off  liHK)  at  100°,  and  the  remaining 
1  at.  at  120°.  The  ciystals  are  very  soluble  in  water,  and  effloresce  quickly,  splitting 
at  the  same  time  into  lumps,  in  an  easily-determined  direction  of  deavage.  By 
boiling  with  excess  of  potash,  the  salt  is  resolved  into  acetate  and  phosphite  of 
potassium. — The  barium-salt^  P'(C*H*0)HBa"0^  obtained  firom  the  potassium-salt  by 
double  decomposition,  is  a  predpitate  which  becomes  crystalline  after  a  while. — The 
lead-salt,  P»(C»H»0)HPb''0*,  is  a  white  precipitate.— JVit^rate  of  silver  forms  with  the 
potassium-sfut  a  white  precipitate,  from  which  when  thrown  on  a  filter  the  silver  is 
ustantly  reduced. 

(C«H«)*) 

Tbittlskb-phospeobous  AoxD,  C*HTO*  —      P'*     VO"? — Kane,  by  acting 

H     > 
on  acetone  with  iodine  in  presence  of  phosphorus,  and  neutralising  with  carbonate  of 

barium,  obtained  a  salt  to  which  he  assigned  the  formula  C^IPBa^PO^  or  C'H*Ba*PO». 
According  to  E.  Mulder,  however  (J.  pr.  Chem.  zd  472),  if  the  product  of  the  reac- 
tion be  ireed  from,  iodine  by  digestion  with  water  and  agitation  with  mercuiy,  then 
neutralised  with  carbonate  of  barium,  and  the  resulting  barium-salt  purified  by 
repeated  predpitation  with  alcohol  from  the  aqueous  solution,  it  finally  exhibits  the 
composition  of  tritylene-phosphiU  of  barium,  (C*H')*Ba''P*0*  (Mulder  regards  it  as 
a  phosphite  of  barium  and  acetone).  The  solution  of  this  salt  treated  with  carbonate 
of  sodium,  yields  a  predpitate  of  barytic  carbonate  and  a  solution  of  tritylene-phosphite 
ofsodium^  (CH')''NaPO',  which  remains  on  evaporation  as  an  amorphous  mass. 
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Vboap&ortD  AnUxOrUa,  Adda,  m»€  S*lts. 

pBWTOIIDmOFPHOBFHnRUS,   pHOIPHORIC   OlIDlOa  AHHTItaill^     PHH. 

— Thin  oxide  ii  the  aole  prodai^t  of  the  rapid  corafanstioQ  of  phoephonu  in  execs*  of  diy 
■ir  or  oxjgeD.  The  combattion  ii  euil}  effected  in  a  l&rge  three-necked  glsM  globe 
£  ififf-  737),  ID  Ihe  ccDtre  of  which  U  auependcd  a  poreelain  dish  a,  stttLched  I7  meuii 
of  platiouiii-wiis  to  the  vide  Inbe  a  b,  whieh  ii  cloaed  iX  a  with  a  cork.  One  of  the 
latsriJ  openingB  of  the  globe  oommucicateii  with  11  U-tube  d,  contaiotDg  pumice  Kuiked 
in  oil  of  Titriol  to  di7  the  air  vhieh  enten  the  globe,  while  the  other  lateral  openiog 
CDmniDiiiinC«B  with  a  wide-mouthed  bottle  /,  dntined  to  receive  the  product.  The 
phoaphorui  in  the  capanle  is  igmled  by  a  hot  wiie,  the  cork  ineerted  in  the  Tertical 
tube,  and  a  current  of  diy  air  passed  throngb  the  apparatus  bj  mesna  of  an  upinUor 
connected  with  the  esit-tabs  g  of  the  bottle  /  or  bj  a  blowsr  MtBcbed  to  the  orTing- 
Fig.  737. 


tube  if,  OP  bj  other  mean*.  From  Kme  to  time  fresh  piecea  of  phoephonii  »w  dropped 
into  the  capenle  through  (he  Teitic&l  tub«,  which  is  lecorked  afler  c«ch  addition.  The 
phosphoric  oiids  produced  b;  the  combustioa  condenses  ss  s  white  deposit  in  the 
globe  and  in  the  bottle/.  If  the  supply  of  air  is  not  suffldent,  the  product  will  be 
eontsminsted  with  phosphorous  oxide. 

A  eimplified  apparatus  for  prepariDg  pLoephorie  anhydride  is  described  by  Qra- 
bowski(Ann.  Ch.  Phann.  cxizti.  119). 

Phosphoric  oxide,  as  above  prepared,  forms  a  snow-white,  floeeolent,  amorphous  deposit, 
inodorous  when  free  from  phosphorous  oxide,  and  not  affecting  litmue-paper  when 
perfectly  dry.  It  sublimes  bebw  a  red  heat.  Whan  heated  with  charcoal  it  ia  do- 
composed,  yielding  carbonic  oxide  hai  phosphorus.  It  is  also  decomposed  when 
bested  with  easily  oiidisable  metals.  Heated  with  pentachlorids  of  phosphorus 
(Weber,  p.  613),  or  wilh  pirfectly  dry  chloride  of  sodium  (Lautemaun,  Ann,  Ch. 
Pharm.  cnii.  2*0),  it  ^elds  phosphoric  oiychloride  POCl'.  It  has  a  powerful  altrac- 
.  tion  for  water,  disaolving  in  it  with  a  hLssing  noise  and  ereat  development  of  heat,  and 
deliqueering  qaiekly  in  contact  with  moiA  air.  It  likewise  acfe  as  a  powerful  dehydrat- 
iog  agent,  ahstraeting  water  ^m  acids,  alcohols,  and  many  other  bodies  when  heated  with 
them.  Strong  sulphuric  acid,  for  example,  heated  with  phoBphoric  anhydride  Lb  con- 
verted into  Bi2phuric  anhydride.  It  unites  with  water  in  three  proportions,  fljrming 
three  acids,  H'O.PK)',  2H'0.P'O',  and  SH'O.P'O',  denoted  by  the  generic  name  of 
phosphoric  acids.  At  a  red  heat  it  expels  the  volstile  anhydrides  &om  their  salts, 
producing  phoaphatefl  eon 
with  which  the  volatile 
Jahresb.  1869,  p.  lei.) 

Fhobfhobio  ActD. — FhoBphorctted  hydrogen,  PH*,  burnt  in  aJrorczygentokeenp 
i  atoms  of  oxygen  and  forms  phosphoric  acid,  HfO*.  The  Bame  acid  is  also  produced 
by  the  oxidation  of  hypophosphorous  or  phosphorous  acid  ;  hy  oxidising  phosphorus 
with  nitric  acid ;  by  the  decomposition  of  apatite  and  other  native  phosphates;  and  by 


536      PHOSPHORUS :  OXIDES  AND  OXTGEN-ACIDS. 

the  action  of  boiling  water  on  phoaphorio  anhjdride.  This  acid  ia  tribaaic,  forming 
three  diatinct  claaHea  of  metallic  aalta.  With  aodinm,  ibr  example,  it  forma  the  three 
aalta  NaH*PO«,  Na'HPO^  and  Na"PO^  the  flrat  two  of  which,  still  oontainins  replace- 
able hydrogen,  are  acid  aalta,  while  the  third  is  neutral  The  three  atoma  of  hydrogen 
in  phosphoric  add  may  be  replaced  in  like  manner  by  alcohol-radides,  forming  acid 
ana  neutral  ethers. 

If  now  monoflodic  phosphate,  NaH'PO^  be  heated  to  redness,  it  gives  off  1  atom  of 
water  and  leavea  an  anhydrous  monosodic  phosphate,  NaPO*  »  NaH*l'0* — ^H'O,  the 
aqueous  solution  of  which,  when  treated  witk  nitrate  of  lead,  yields  a  lead-salt  of  cor- 
responding composition :  thus —  , 

2NaP0«  +  Pb"(NO^«     -    Pb^CNO*)*  +   2NaN0«; 

and  this  lead-salt^  decomposed  by  salphydrieacid,  yields  a  monohydric  acid  haTing  the 
composition  HPO',  possessing  properties  quite  disunct  firom  those  of  the  trihydrie  add 
aboye  mentioned : 

Pb«'(PO»)«  ^  B^     ^    2HP0»  +  PbTI. 

The  trihydrie  add  which  ia  produced  by  the  oxidation  of  phoaphoma,  and  by  the 
decompodtion  of  the  ordinary  native  phosphatea,  is  called  orthophosphoric  acid 
or  ordinary  phoaphoric  acid;  the  monohydric  add  is  called  me  tap  ho  spheric 
acid.  The  former  may  be  regarded  aa  a  trihydrate^  the  latter  aa  a  monohydrate  of 
phosphoric  anhydride : 

2H*P0«  •-  8H*0JP*0*  orthophosphoric  add. 
2HP0'    -     HH).P*0*  metaphosphoric  add. 

Both  are  soluble  in  water,  and  the  former  may  be  produced  by  the  action  of  boiling 
water,  the  latter  of  cold  water  on  phosphoric  anhydride.  They  are  eadly  distinguishea 
from  one  another  by  their  reactiona  with  albumin  and  with  nitrate  of  silver.  Meta- 
phosphoric add  coagulates  albumin,  and  giTes  a  white  predpitate  with  nitrate  of 
silyer ;  whereaa  orthophosphoric  add  doee  not  coagulate  albumin,  and  piTcs  no  pre- 
cipitate, or  a  yery  slight  one,  with  nitrate  of  silyer,  till  it  is  neutralised  with  an  alkali, 
in  whidi  case  a  yellow  predpitate  is  formed. 

Metaphoaphonc  add  and  its  salta  differ  from  orthophosphoric  acid  and  the  ortho- 
phosphates  by  the  want  of  one  or  two  atoms  of  water  or  base,  the  relation  between 
the  two  Hanww  of  salts  being  similar  to  that  between  ortho-  and  metapsilicates^  car- 


■  i<—  i  wfcf    itr^ifAftML     Baa 

18):  thus— 

■aimTi     v^    vBAwv    n^^# v ww  ^ «#••     >r» ' 

MeUphotphatM. 

OrthophoiphatM, 

HPO» 

H»PO* 

H«0 

NaPO« 

NaH«PO*       - 

IPO 

Ba'P»0« 

Ba*H*PK)«     - 

2H'0 

AgPO* 

AgTO«          - 

Ag«0 

PbT«0« 

»  '      fWPK)«         - 

2Pb"0 

Accordingly,  we  find  that  metaphoephates  and  orthophosphates  are  conyertible  one  into 
the  other  by  the  loss  or  gain  of  one  or  two  atoms  of  water  or  base :  thus — 

a.  A  solution  of  metaphosphoric  add  ia  converted,  slowly  at  ordinary  temperatorea, 
quickly  at  the  boiling  heat,  into  orthophosphoric  add,  and  the  metaphosphatea  of 
Bodium  and  barium  are  converted  by  boiling  with  water  into  the  corresponding  moDo- 
metallic  orthophosphates  (see  the  first  three  equations  aboye). — $.  The  metaphosphate 
of  a  heavy  metal,  silyer  or  lead  tor  example,  is  converted  by  boiling  with  water  into 
trimetallic  phosphate  and  orthophosphono  add : 

SAgPO*  +   3H«0     «    AgTPO*  +   2H"P0«. 

y.  When  any  metaphosphate  is  fbsed  with  an  oxide,  hydrate  or  carbonate,  it  becomes 
fk  trimetallic  orthophosphate:  e.ff. — 

KaPO«  +  Na«00«    =     Na»PO*  +  CO*. 

On  the  other  hand:  (8),  when  orthophosphoric  add  is  heated  to  redness,  it  loses 
water  and  becomes  metaphosphoric  add;  and  when  a  monometallic  orthophosphate  is 
heated  to  redness,  it  also  Iosas  water  and  is  transformed  into  a  metaphosphate.  Or  if 
one  of  the  bases  of  a  dimetaUio  orthophosphate  is  volatile,  a  metaphosphate  is  likewise 
produced  by  heating  the  salt  to  reoness ;  thus  with  sodio-ammonic  orthophosphate 
(microscosmic  salt) : 

Na(NH*)HPO<  -  (NH*)HO     -    NaPO». 
c.  A  trimetallic  orthophosphate  fused  with  a  fixed  anhydride,  silidc  or  boric,  for  ex- 
ample, is  converted  into  a  metaphosphate  by  abstraction  of  an  a&m  of  base:  thua — 

NaTO*  +  SiO*    -    Na«SiO»  +  NaPO«. 
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When  phosphorie  anhydride  is  fhsed  with  the  salt  of  a  Yolatile  anhydride,  an  ortho- 
or  meta-phoephate  is  produced,  according  to  the  facility  with  wmeh  the  volatile 
anhydride  can  be  expelled  from  the  baae.  Thus  with  siilphate  of  magnesium,  the 
product  is  an  orthophosphate : 

PW  +   SMg-TSO*     -     Mg^PW  +   8S0-; 

hnt  with  sulphate  of  potassinm,  in  which  the  sulphuric  anhydride  is  retained  with 
greater  force,  a  metaphosphate  is  produced,  thus: — 

PK)»  +  K«SO*     =     2KP0«  +   S0». 

Intermediate  between  ortho-  and  meta-phosphates  there  are  at  least  three  distinct 
daases  of  salts,  the  most  important  which  are  the  pyrophosphates  or  paraphos- 

p  h  a  t  e  8,  M*F*0'  or  "ht^T^O^*.  These  salts  may  be  viewed  as  compounds  of  1  at.  ortho- 
phosphate  and  1  at  meUphosphate :  M^F*0'  »  M"PO«  -f  MPO*. 

Pjrrophosphate  of  sodium  is  produced  by  heating  disodic  orthophosphate  to  redness^ 
thus: — 

2Na«HP0«    -     Na«P»0»  +  H«0. 

The  solution  of  this  salt  yields  insoluble  pyrophosphates  with  lead  and  silrer  salts: 
thus  with  nitrate  of  lead — 

Na*P«0»  +   2PbnP<y     -     P6»P«0'  +  4NaN0«; 

and  pyTophosphate  of  lead  decomposed  by  snlphydrio  add,  yields  pyrophosphorio 
acid;  8fl*P*0*  or  2H*0.PH)* : 

Pt*P«0'  +  2H«S     B     H^O'  +  2Pb"8. 

Pj^phosphates  are  easily  converted  into  metaphosphates  and  orthophosphates  (and 
▼ice  versA)  by  addition  or  subtraction  of  water,  or  a  metallic  base. 

a.  The  production  of  a  pyrophosphate  from  an  orthophosphate  by  loss  of  water  has 
been  already  mentioned. — /3.  Conversely,  when  a  pyrophosphate  is  heated  with  water 
or  a  base,  it  becomes  an  orthophosphate :  e,  g, — 

Na<PK)'    +    H«0       -       2Na«HP0* 
Na*P«0»    +  2NaH0  -       2Na«P0*    +    H«0. 

y.  Pjrrophosphoric  acid  heated  to  dull  redness  is  converted  into  metaphosphorie 
acid :  H^PH)^  -  HH>  «  2HPC)*.  The  converse  reaction  is  not  easQy  effected,  inas- 
much as  metaphosphorie  acid  by  absorbing  water  generally  passes  directly  to  the  state 
of  orthophosphoric  acid.  Peligot,  however,  observed  the  formation  of  pyrophosphoric 
from  metaphosphorie  acid  by  very  slow  absoiption  of  water  (p.  639). — 5.  Vnieii  a 
metallic  metaphosphate  is  treated  with  a  proper  proportion  of  a  hydrate,  oxide,  or  car- 
bonate, it  is  converted  into  a  pyrophosphate : 

2NaP0»  +  ^a*CO«     a     Na*PK)»  +  C0«. 

Fleitmann  and  Henneberg  (Ann.  Ch.  Pharm.  Ixv.  304),  by  fusing  together  an 
atom  of  pyrophosphate  of  sodium,  Na'PO^.NaPO',  with  two  atoms  of  metaphosphate^ 
NaPO*  obtained  a  salt  haying  the  composition  Na'P0«.3NaP0'  -  Na*PO",  which 
is  soluble  without  decomposition  in  a  small  quantity  of  hot  water,  and  crystallises  from 
its  solution  by  evaporation  over  oil  of  vitrioL  An  excess  of  hot  water  decomposes  it, 
but  its  cold  aqueous  solution  is  moderately  permanent.  Insoluble  phosphates  of  similar 
composition  may  be  obtained  from  the  sodium-salt  by  double  decomposition.  Fleit- 
mann and  Henneberg  obtained  another  crystallisable  but  very  insoluble  salt^  having  the 
composition  Na'PO^-ONaPC  -  Na»*P"0",  by  ftising  together  1  atom  of  sodic  pyro- 
phosphate with  8  atoms  of  the  metaphosphate ;  and  insoluble  phosphates  of  similaz 
constitution  were  obtained  from  it  by  double  decomposition  (see  frurtner  Uelsmann, 
Ann.  Ch.  Pharm.  cxviii.  99). 

The  relative  proportions  of  base  and  anhydride  in  these  different  phosphates  is  best 
shown  by  acooraing  to  them  all  the  quantity  of  base  contained  in  the  most  complex 
member  of  the  series,  that  is  to  say,  6  atoms,  as  in  the  following  table : 

Orthophosphate 6M«0.2P»0»  -     4M"P0«. 

pyrophosphate 6M*0.3PK>»  «    8M«P«0'. 

Fleitmann  and  Hennebeiigfs  Phosphate  (a\         .  6MK).4P«0«  »  2M*P«0". 

Fleitmann  and  Henneberg^s  Phosphate  \h)         .        .  6M*0.6PK>»  -  M»*P»«0«". 

Metaphosphate 6M>0.6PK)*  »    12MP0*. 

The  several  modifications  of  phosphoric  add  and  their  salts  have  been  examined 
chiefly  by  Berzelius  (Ann.  Ch.  Phys.  [2]  ii.  151,  217;  x.  278);  Mitscherlich 
(ibid,  xix.  850);  Gay-Lussac  {ibid,  xU.  831);  Clark  (Ed.  J.  of  Sc  vii  298); 
StTomeyer  (Schw.  J.  Iviii.  123);  Graham  (Phil.  Trans.  1833,  p.  253;  PhiL  Mag. 
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iv.  401);  Maddrell  (Metn.  Chem.  Soc.  iii.  273;  Ann.  Ch.  Pbarm.  Ixi.  63); 
ammelBberg(ADn.  Ch.  Pharm.  Ivi.  210;  IzziL  250;  Jahresb.  1847-8,  p.  338); 
Schwarzenberg  (ibid,  Ixt.  133;  Jahresb.  1847-8,  p.  345);  Persoz  (Ann.  Ch. 
Pharm.  Ixt.  163;  Jahresb.  1847-8,  p.  352);  Fleitmann  and  Henneberg  (Ann.  Ch. 
Pharm.  Izv.  304,  387;  Jahresb.  1847-8,  pp.  854,  357);  H.  Rose  (Ann.  Ch.  Pharm. 
Izxvi  2,  13 ;  LzxriL  319 ;  Jahresb.  1847-8,  pp.  231,  361) ;  Vogeli  (Ann.  Ch.  Pharm. 
bdx.  180;  Jahresb.  1847-8,  p.  694);  Heintz  (Ann.  Ch.  Pharm.  Ixviu.  267,  287; 
Ixzii.  264;  Jahresb.  1847-8,  p.  342;  1849,  p.  634);  Raewsky  (Compt.  rend.  xxvi. 
206;  Jahresb.  1847-8,  p.  240);  Baer  (Ann.  Ch.  Pharm.  Ixviii  255;  Jahresb.  1847-8, 
p.  340) ;  Werther  (Ann.  Ch.  Pharm.  Ixviii.  312 ;  Jahresb.  1847-8,  p.  419)  ;  Lndwig 
(Jahresb.  1847-8,  pw  339 ;  1849,  p.  230;  1852,  p.  361) ;  Fleitmann  (Ann.  Ch. Pharm. 
IxxiL  231 ;  Jahresb.  1849,  p.  233);  Beynoso  (Ann.  Ch.  Pharm.  Ixxziii.  98;  Jahresb. 
1862,  p.  318);  Marignac  (Ann.  CtL  Pharm.  IzzxTiii  232;  Jahresb.  1863,  p.  339); 
Fresenins  (Ann.  Ch.  Pharm.  Izzxri  p.  216;  Jahresb.  1868,  p.  322);  Brandea 
(Ann.  Ch.  Pharm.  IxsxviiL  272 ;  Jahiesb.  1863,  p.  881). 

Mbtjlphosphoiiic  acid,  HP0»  «  ^|o«  =  ^^h^  (o,  or  HK).P«()».— This 

add,  discovered  by  Graham,  is  obtained,  as  already  observe^  by  acting  on  phosphoric 
anhydride  with  cold  water,  or  by  heating  orthophosphoric  or  pyrophosphoiic  acid  to 
redness.  Orthophosphate  of  ammonium  may  be  substituted  for  the  orthophosphoric 
acid;  but  it  is  difficult  to  expel  the  last  traces  of  ammonia.  Metaphosphoric  add  is 
also  prepared  by  decomposing  some  of  its  salts  with  another  add,  as  by  exposing  the 
lead-salt  suspended  in  water  to  a  current  of  sulphydrie  add  gas. 

Metaphosphoric  add  in  the  solid  state,  as  obtained  by  eyuwratin^  its  solution  and 
heating  the  residue  to  redness,  or  by  boiling  ortho-  or  pyrophosphonc  acid  to  redness^ 
forms  a  transparent,  colourless,  ghuey,  unczystaUisable  mass,  which  dissobres  slowly 
though  somewnat  abundantly  in  water,  forming  a  strongly  acid  liquid.  Its  solution 
gives  white  precipitates  with  solutions  of  aHmmirif  nitrate  of  fUver,  and  chloride  of 
oarium.  The  last-mentioned  precipitate  is  soluble  with  difficulty  in  a  large  excess  of 
the  add.  With  molyhdate  of  ammonium  it  sives  no  predpitate  or  coloration,  until,  bj 
the  action  of  the  free  nitric  add  present^  it  has  been  fairly  converted  into  orthophos- 
phoric add. 

Metaphosphoric  add  is  converted  slowlv  at  ordinary  temperatures,  quickly  at  the 
boiling  neat)  into  orthophosphoric  acid,  without  passing  through  the  intermediate  stage 
of  pyrophoephorio  add.  Metaphosphoric  add  volatilises  completely  at  a  bright  reid 
heat)  but,  according  to  H.  Bos  e,  its  composition  varies  during  the  volatilisation,  the 
last  portions  volatilised  consisting  of  metaphosphoric  add  and  phosphoric  anhydride ; 
but  metaphosphoric  acid  cannot  be  completely  ddhydrated  by  heat^  or  indeed  by  any 
known  process. 

Metaphosphates,  MPO'  or  M'PH)* — ^These  salts  are  produced :  1.  By  treating 
the  add  with  bases. — 2.  By  igniting  a  monometallic  orthophosphate  of  fixed  base,  or  a 
dimetallic  orthophosphate  having  one  fixed  and  one  volatile  base  (ammonio-sodic  phos- 
phate, for  example),  or  a  monometallic  pyrophosphate. — 3.  By  doable  decomposition, 
the  insoluble  metaphosphates  of  silver,  lead,  and  barium,  for  exanxple,  from  meta- 
phosphate  of  sodium,  and  the  ammonium-salt  by  decompodng  metaphosphate  of  lead 
with  sulphide  of  ammonium. — 4.  By  heating  trimetallic  orthophoephates  or  dimetallic 
pyrophosphates  with  the  proper  proportions  of  phosphoric  anhydride  or  add :  thus — 

Na»PO*     +     P«0*       -       3NaP0». 
Na^P^O^     +     P«0»       -       4NaP0». 

Metaphosphates  may  therefore  be  regarded  as  anhydro-salts  of  orthophosphaies  and 
pyrophosphates,  a  relation  further  ex&bited  by  the  behaviour  of  sodic  or  calcic  meta- 
phosphate when  heated  with  charcoal,  the  salt  then  splitting  up  into  a  trimetallic 
orthophosphate  irredudble  by  the  charcoal,  and  phosphoric  anhydride,  which  is  decom- 
posed by  the  charcoal  into  carbonic  oxide  and  phosphoms  vapour  (p.  500). 

Metaphosphates  of  alkali-metals  are  fusible,  soluble  salts,  not  usually  crystalline. 
The  metaphosphates  are  readily  decomposed  by  other  acids :  thus  even  acetic  add  will 
decompose  met^hosphate  of  sodium,  as  shown  by  the  fact  that  a  mixture  of  acetic  acid 
and  metaphosphate  of  sodium  precipitates  albumin,  although  neither  reagent  separately 
will  produce  that  effect.  The  circumstances  under  which  metiiphoephates  are  con- 
verted into  pyrophosphates  and  orthophosphates  have  been  alreaoy  considered. 

Modifications  of  Metaphosphates. — The  metaphosphates  are  remarkable  for  ex- 
hibiting veiy  different  properties,  according  to  the  manner  in  which  they  are  prepared. 
These  differences  are  generally  attributed  to  polymeric  modifications,  the  formula  of 
which  are  determined  chiefly  by  the  relative  numbers  of  atoms  of  the  two  bases  con- 
tained in  the  respective  double  salts. 
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o.  Hexmetaphosphates,  M*P*0**. — Ordinaij  nM^taphosphoric  add,  obtstned  by  tho 
processes  above  described,  fonns  double  salts  containing  quantities  of  monatomic  metal 
in  the  ratio  of  6  at.  to  1  at,  or  equivalent  quantities  of  diatomie  metal — the  calcio- 

sodic  salt,  for  exampla,  having  the  composition  CVNaf(PO')>*  or  2NaP0*.dCa''PH>«. 
The  ordinary  sodium-metaphoephate,  obtained  by  igniting  monosodic  orthophosphate 
and  sadden  cooling,  forms  a  vitreous  mass,  the  aqaeons  solation  of  which  gives  gela- 
tinous precipitates  with  the  salts  of  the  heavy  metals  and  alkaline  earth-metals. 

fi.  IrimetaphosphaUs,  M'P*0*. — ^When  a  considerable  quantity  of  ordinary  fused  sodic 
metaphosphate  is  allowed  to  cool  very  slowly,  the  salt  in  solidi^ring  acquires  a  beauti- 
fully crystalline  structure ;  and  when  this  mass  is  digested  in  a  slight  excess  of  warm 
water,  the  liquid  separatee  into  two  layers,  the  larger  stratum  containinff  the  crystalline 
and  the  smaller  stratum  the  ordinary  vitreous  rait.  The  solution  of  the  crystalline 
variety  gives  hydrated  o^stalline  precipitates  with  salts  of  the  heavy  metals.  The 
foimuLUB  of  the  crystalline  silver-salt  thus  produced  is  SAgPO'.H'O.  The  meta- 
phosphoric  add  obtained  from  these  salts  forms  double  salts  containing  2  at  of  one 
monatomic  metal  to  1  at  of  another,  or  quantities  of  diatomic  metals  equivalent  to 
these.  

7.  DimetaphoepkateSf  M'PK)'. — ^hen  oxide  of  copper  and  a  slight  excess  of  aqueous 
phosphoric  acid  are  heated  together  to  350°,  a  cirstalUne  powder  is  formed,  insoluble 
m  water,  but  soluble,  with  the  aid  of  heat,  in  stuphuric  acid  and  in  ammonia.  The 
corresponding  metaphosphates  of  the  alkali-metals,  which  are  obtained  by  treating  the 
copper-salt  with  sulphiae  of  potassium,  &c.,  are  soluble  in  water,  ciystallisable,  and 
converted  by  heat  into  insoluble  salts.  These  metaphosphates  have  a  strong  tendency 
to  form  double  salts,  all  of  which  contain  equal  or  equivalent  numbers  of  atoms  of  the 
two  bases.  For  example,  on  mixing  a  concentrated  solution  of  the  potassium-salt  with 
chloride  of  sodium,  or  of  the  sodium-salt  with  chloride  of  potassium,  a  crystalline  double 
salt  is  obtained,  having  the  composition  NaKP'O'.HK).  Again,  concentrated  solutions 
of  the  ammonium-salt  and  cupric  chloride  mixed  together,  deposit,  on  addition  of  alcohol, 
blue  crystalKne  needles,  having  the  compodtion  (NH*)*Cu'T*0'».2H«0. 

9.  Tetrametaphoephaiss,  M*P*0'*. — ^Another  variety  of  metaphosphate  is  formed  by 
heating  phosphoric  add  with  oxide  of  lead,  bismuth,  or  cadmium,  or  with  a  mixture  of 
2  at.  sodic  hydrate  and  1  at.  cupric  oxide.  The  lead-salt  is  easily  decomposed  by 
alkaline  sulphides,  and  yields  tne  corresponding  salts  of  ^e  alkali-metals.  The 
sodium-salt  in  combination  with  water  is  visdd  and  elastic,  and  forms,  with  a  larger 
quantity  of  water,  a  gummy  mass,  which  will  not  pass  through  a  filter.  The  double 
salts  of  this  variety  of  metaphosphoric  acid  contain  equal  or  equivalent  numbers  of 
atoms  of  their  two  bases,  like  those  of  the  preceding ;  but  as  they  differ  in  j)hy8ical 
properties,  it  is  probable  that  they  are  polymeric  with  the  latter,  the  sodio-cupric 

salt,  for  example,  having  the  compodtion  Ka^CaT'O'^. 

€.  ManometapiosphateSy  MPC^Lastly,  there  is  a  variety  of  metaphosphates  dis- 
covered by  Maddrell  (Mem.  Chem.  Soc.  iii  373)  which  are  remarkable  fbr  their 
insolubility  in  water.  The  potasdum-salt  is  produced  by  igniting  hydrate  of  potasdum 
and  phosphoric  add  together  in  equivalent  proportions ;  the  ammonium-salt  by  heating 
dimetaphosphate  of  ammonium  to  260®.  These  metaphosphates  are  also  formed  by 
adding  phosphoric  acid  in  excess  to  solutions  of  sulphates  or  nitrates,  evaporating  to 
dryness,  and  heating  the  residues  to  816°  or  upwivds.  They  are  crystalline  anhy- 
drous powders.    There  are  no  double  salts  of  this  variety. 

PtbophosphobicAcid,  H*P»0' =  ^h*^|^'  "  HTO*.HPO«  «  2H*0J«0*. 

— This  add,  discovered  by  Dr.  Clark  of  Aberdeen,  may  be  jweparecl  by  evaporating  a 
solution  of  orthophoephoric  add  till  ita  tempomture  rises  to  216°,  but  the  product  is 
always  somewhat  contaminated  with  undianged  orthophosphorie  add.  A  purer  product 
is  obtained  by  decomposing  pyrophosphat-e  of  1^  with  sulphydrie  add,  and  evaporating 
the  filtrate  tiU  it  attains  the  temperature  above  mentioned.  Ab  thus  prepared  it  forms  a 
soft  glass.    Peligot,  however,  found  (Ann.  Ch.  Ph^  [21  Ixxiii.  286)  that  fused 

Shosphoric  acid  (metaphosphoric  acid),  left  to  itself  in  a  oottle  for  several  years, 
urinff  which  time  it  absorbed  water,  formed  at  the  top  transparent  crystals  of  ortho- 
phosphoric  add,  in  the  middle  a  mother-liquid  of  spedflc  gravity  1*7,  and  at  the  bottom, 
opaque  indistinct  crystals  of  pymphosphoric  add  resembling- loaf-sugar. 

Pyrophosphoric  acid  is  converted  into  metaphosphoric  acid  when  heated  to  redneis^ 
and  into  orthophoephoric  acid  when  boiled  with  water.  The  last  converdon  takes 
place  also  at  ordinary  temperatures,  but  very  slowly,  so  that  the  aqueous  add  may  be 
kept  unaltered  for  even  naif  a  year  (GrahamY  I^rrophosphonc  add  in  aqueous 
solution  does  not  predpitate  albumin ,  chloride  of  dortttm,  or  nitrate  of  silver,  but  after 
neutralisation  it  gives  white  predpitates  with  the  last  two  reagents. 
Pyrophoapha  t€ a, — Pyrophosphoric  add  bdng  tetrabadc  is  capable  of  fbrming 
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four  classes  of  salts,  three  acid  and  one  neutral,  represented,  in  the  case  of  mooatomie 
meUJs,  by  the  formulsD : 

MH»P*0\    M«H*P«0»,    M»HPK)',    and    M*PK)». 

The  neutral  pyrophosphates  may  be  produced,  as  alreadjr  observed,  by  igniting  dime* 
tallio  orthophosphates ;  also,  by  neutralising  the  add  with  bases,  or  by  heating  any 
form  of  phosphoric  acid,  or  ametaphosphate,  with  a  quantity  of  oxide,  hydrate  or  car- 
bonate, sufficient  to  furnish  the  required  quantity  of  base :  e,  g,— 

2HP0*     +     2Na«C0«       -       Na<PK)'     +     2C0«     +     H«0. 
2NaP0»    +     2NaH0        =       Na«PH)»     +     HK). 

Add  pyrophosphates  may  be  prepared  by  neutralising  one  quantity  of  the  add  with  a 
base  and  adding  thereto  one-tnird,  or  one,  or  three  more  proportions  of  add. 

Many  pyrophosphates  are  formed  by  double  deoompontion.  Solutions  of  pyrophoe- 
phatee,  even  when  mudi  diluted,  give  predpitates  with  salts  of  ealdum,  barium,  lead, 
and  silver.  The  predpitates  formed  by  sodic  pyrophosphate  in  solutions  of  oomatr, 
nickel,  and  some  other  metals,  are  double  salts,  containing  2  at  sodium  to  8  at^  ofthe 
diatomic  metal  (p.  287) :  e.  g. — 

2Na*PK)*     +     8Cu''Cl«      -      Cu«Na«PH)"     +     6NaCL 

This  constitution  is  exhibited  by  most  of  the  double  pyrophosphates,  and  seems  to 
&your  the  notion  that  these  salts  are  compounds  of  orthophosphates  and  metaphos- 
phates:  thus,  Cu»Na«P*0"  -  Cu«P»0«.2NaP0«. 

Among  neutral  pyrophosphates,  those  of  the  allcali-metals  only  are  soluble  in  water ; 
their  solutions  have  a  slight  alkaline  reaction,  and  cannot  be  boiled  wiUiout  conversion 
into  orthophosphates.  The  other  salts  are  soluble  in  adds,  and  generally  in  an  excess 
of  sodic  pyrophosphate,  forming  the  double  salts  just  mentioned,  which  exhibit  a  pecu- 
liar behaviour  with  reagents.  Thus,  from  a  solution  of  ferric  or  manganous  pyrophos- 
phate in  pyrophosphate  of  sodium,  the  heavy  metal  can  scarcely  be  predpitated  by 
sulphydric  add  or  sulphide  of  ammonium.  The  insoluble  pyrophosphates  are  soluble 
also  in  excess  of  the  heavy  metallic  salt  from  which  they  are  predpitated;  the  solution 
is  predpitated  by  heat,  and  the  predpitate  is  not  redissolved  on  cooling — as  is  the  case 
with  orthophosphates  under  similar  drcumstances.  The  alkaline-earthy  pyrophos- 
phates dissolve  with  difficulty  in  acetic  add. 

When  a  pyrophosphate  containing  a  metal  redudble  from  its  oxide  by  heat  alone  is 
ignited  in  a  stream  of  hydrogen,  the  metal  is  reduoed,  and  water,  phosphoric  acid,  and 
other  phosphorus-oompounds  are  separated ;  if  the  oxide  is  irredudble  by  itself^  but 
reducible  by  hydrogen,  a  metallic  phosphide  is  formed,  while  water  and  various  phos- 
phorus-compounds escape;  if  the  oxide  is  not  redudble  by  hydrogen,  the  pyrophos- 
phate is  resolved  into  an  orthophosphate  and  phosphoric  anhydride  (8M*F*0^  » 
4M'P0*  +  P*0*),  whichlatter  is  partly  decomposed  mto  phosphorous  acid,  phocpho- 
xetted  hydrogen,  and  red  phosphorus.    (Struve,  J.  p.  Chem.  Ixxix.  846.) 

The  other  reactions  by  which  pyrophosphates  are  converted  into  ortho-  and  met»- 
phosphates  have  been  already  considered^ 

Obthophosfhobio  acid,  H»P0«  -  h»|o*  -  ^^g*'  |o«,  or  8H«0.I»0«.— 

This  add  is  produced,  as  already  observed :  1.  By  the  action  of  boiling  water  on 
phosphoric  anhydride,  metaphosphoric  add,  or  pyrophosphoric  add. — 2.  dj  the  com- 
bustion of  phonihoretted  hydrogen  in  air  or  oxygen. — 8.  dj  the  oxidation,  spontaneous 
or  otherwise,  of  hypophosphorous  and  phosphorous  add8.--4.  By  oxidising  phosphorus 
with  nitric  or  hypocblorous  add. — 5.  By  decompodng  its  salts  with  acids,  tricaldc 
phosphate  (bone-Mirth)  for  example,  with  sulphuric  add,  or  phosphate  of  lead  with 
sulphydrio  add. — 6.  By  the  action  of  water  on  phosphoric  oxychlonde: 

PC1«0  +   8H«0     -     H»PO*  +   8HCL 

Pentachloride  of  phosphorus,  acted  upon  by  a  small  quantify  of  water,  yields  phosphoric 
oxychloride : 

PCI*  +  H»0    -    2HC1  +  pa«o, 

which  may  be  converted  bv  a  larger  quantity  of  water  into  phosphoric  add. 

Preparation, — 1.  Btf  the  action  of  Nitrio  Acid  on  ^oapkorits, — One  part  of 
phosphorus  is  heated  m  a  retort  with  about  16  pts.  of  dilute  nitric  add  of  specific 
gravity  1*2  until  it  is  dissolved.  The  distillate  wnidi  contains  some  phosphorous  add 
IS  then  returned  to  the  retort,  and  the  entire  liquid  is  evaporated  down.  At  a  certain 
degree  of  concentration,  a  very  considerable  effervescence  occurs,  due  to  the  oxidation 
of  the  phosphorous  acid  into  phosphoric  add.  Small  quantities  of  nitric  add  are  then 
added  from  time  to  time,  untu  the  last  addition  no  longer  produces  effervescence,  after 
which  the  liquid  is  evaporated  to  expel  the  nitric  add.  If  the  evaporation  is  carried 
so  fiir  as  to  produce  pyrophosphoric  or  even  metaphosphoric  add,  the  residue  is  to  be 
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boiled  for  a  short  time  in  water,  whereby  these  last  two  acids  are  reoonverted  into 
orthopboephoric  acid. 

2.  From  Bane-ash. — Bone-aah  is  decomposed  by  solphuric  acid,  as  described  on 
page  600,  and  the  acid  solution  filtered  from  the  insoluble  gjrpsom  is  concentrated  to  a 
snmll  bulk  and  mixed  with  more  sulphuric  acid,  whereby  a  further  precipitate  of 

gypsum  is  formed,  which  after  dilution  with  water  is  separated  by  straining  through 
nen.  This  operation  of  eyaporation  to  a  small  bulk,  treatment  with  sulphuric  acid, 
dilution  with  water,  and  filtration,  is  repeated  a  second  and  even  a  third  tune,  till  the 
lime  is  completely  removed.  The  acid  is  next  eraporated  to  a  syrup,  and  gently 
ignited  to  expel  the  sulphuric  acid.  The  residue,  which  still  contains  magnesia  and 
soda,  derived  from  the  bone-ash,  is  freed  from  the  greater  part  of  these  impurities  by 
solution  in  boiling  water,  concentration,  and  heating  for  about  half  an  hour  to  316^. 
A  white  powder  tben  separates)  consisting  of  sodio-magnesic  metaphosphate,  3Mg"PH)*. 
2NaP0'.  The  syrupy  mass  is  left  to  cool,  afterwards  dissolved  in  cold  water, 
and  the  liquid  is  fUtei«a.  The  filtrate  when  boiled  constitutes  a  solution  of  ortho- 
phosphoric  add,  contaminated  with  a  trace  of  sodium,  but  otherwise  pure.  To  obtain 
a  perfectly  pure  phosphoric  acid,  recourse  must  be  had  either  to  the  oxidation  of 
phosphorus  with  nitric  acid  or  to  the  following  process. 

8.  From  Fentachloride  of  Phosphorus. — Chlorine  is  passed  in  excess  through 
phosphorus  melted  under  water,  whereby  pentachloride  of  ^osphorus  is  produced,  and 
immediately  decomposed  by  the  water  into  hydrochloric  and  orthopboephoric  adds : 

PCI*  +  4HK)     -     WPO*  +  6HCL 

The  phosphoric  add  may  be  freed  from  hydrochloric  acid  by  ebullition. 

Pmeriies. — Orthophosphoric  add  may  be  obtained  in  hard,  transparent,  prismatic 
crystals,  by  concentrating  its  solution  to  a  thin  syrup,  and  then  allowing  it  to  stand  for 
some  time  over  oil  of  vitriol. 

Aeoordinff  to  Sehiff  (Ann.  Ch.  Pharm.  cxiii.  183X  the  specific  gravity  of  the 
aqueous  solution  varies  with  its  strength  in  the  manner  shown  by  the  following 
table : 


PwccntsM  of  Spedfie  gravity 

H*PO«.  at  150. 

6     .        .        .  .        10338 

12     ...  .         10688 

18     ...  .         11066 


PercenUge  of  Specfflc  grvtlty 

H«PO*.  ai  Ift**. 

24     ...  .         11463 

36     ...  .         1-2338 

64     ...  .         1*3840 


The  aqueous  solution  may  be  heated  to  160^  without  altering  the  character  of  the 
add ;  but  at  213^  it  is  converted  prindpally  into  pyrophosphoric  acid,  while  above 
this  temperature  metaphoephorie  add  bc^ns  to  be  formed,  and^  after  the  application  of 
a  full  rea  heat,  constitutes  the  entire  residue. 

Aqueous  orthophosphorio  add  has  a  strong  acid  reaction,  and  at  a  boiling  heat 
decomposes  the  salts  of  most  volatile  adds.  It  does  not  predpitate  solutions  of 
albumin,  chloride  of  barium,  nitrate  of  silver,  or  ferric  chloride,  until  completely  or 
partially  neutralised,  when  it  gives  the  reactions  presently  to  be  described. 

Orthophosphatsa.'^'MB'PO*    and  M'H^PK)*,  ftumometaUie  or  diacid   salts; 

M«HPO*  and  M^HPO*,  dmetaUio  or  monoacid  salts ;  M'PO*,  M«P«0»,  and  M^PO*, 
MmetalUe, neutral,  ornormal  salts.  There  are  also  superbasic  orthopho^hates,  many 
of  which  occur  as  natural  minerals — e.ff.  green  ironstone,  Fe*TO*.Fe"H'0'; 
tmquois,  A1"T0«.A1'"H«0«.H«0. 

Many  other  phosphates  are  also  found  in  nature,  though  rarely  in  a  state  of  purity ; 
they  fluently  occur  mixed  in  various  proportions  with  arsenates,  with  which  they  are 
isomorphous.  Several  native  phosphates  are  found  in  combination  with  fluorides  or 
chlorides — the  apatites  and  woffnerites,  for  example.  H.  Deville  and  Car  on  ^Ann. 
Ch.  Pharm.  dx.  242)  have  prepared  crystallised  compounds  of  this  kind  by  igniting  a 
trimetallie  phosphate  with  an  excess  of  the  corresponding  chloride  or  fluoride,  and 
washing  out  the  excess  of  the  chloride  or  fluoride  from  the  oystalUsed  compound, 
which  separates  on  cooling. 

The  phosphates  of  the  alkali-metals  are  usually  prepared  by  treating  phosphoric 
add  or  dicaldc  i>hosphate  (superphosphate  of  lime)  with  alkaline  hydrates  or 
carbonates.  Dicalcie  phosphate  ooiled  with  solution  of  sodic  carbonate  yields  the 
ordinary  disodio  phosphate,  and  from  this  the  monosodic  and  trisodic  salts  are 
obtained  by  the  addition  df  phosphoric  add  and  caustic  soda  respectively.  The 
potasdum  and  ammonium-salts  may  be  prepared  in  a  similar  manner.  Insoluble 
phosphates  are  prepared  by  predpitating  soluble  salts  of  the  respective  metals  with 
alkaline  phosphates. 

Among  trimetallie  phosphates,  those  only  of  the  alkali-metals  are  soluble  in  water. 
The  iolutioiis  have  a  strong  alkaline  reaction,  whence  these  salts  were  formerly  called 
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basic  phosphates :  they  are  decompoeed  even  by  carbonic  add,  producing  mixtures  of 
alkaline  carbonate  and  dimetallic  phosphate :  e.g. — 

Na'PO*  +  H*CO»     -     Na«HPO*  +  NaHCO*. 

Among  dimetallic  phosphates,  those  of  the  alkali-metals  are  soluble  in  water.  They 
are  often  called  neutral  phosphates^  though  their  solutions  have  a  feebly  alkaline 
reaction.  The  remaining  dimetallic  phosphates  are  unsf^able,  and  generally  insoluble 
compounds,  which  have  a  strong  tendency  to  decompose  into  soluble  monometallic  and 
insoluble  trimetallic  salts. 

The  monometallic  phosphates  are  all  soluble  in  water,  forming  strongly  acid  solu- 
tions. Most  trimetallic  phosphates  dissolve  to  a  greater  or  less  extent  in  aqueous  phos- 
phoric, nitric,  and  hydrochloric  acids,  being  probably  converted  at  the  same  time  into 
monometallic  salts ;  but  monometallic  phospnates  of  the  heavy  metals  are  not,  except 
in  a  few  instances,  known  as  definite  compounds. 

Under  ordinary  circumstances  the  heavy  metals,  silver  and  lead  for  instance,  form 
only  one  class  of  orthophosphates,  viz.  the  tcimf^tallic  phosphates ;  consequently,  when 
a  solution  of  a  monometallic  or  dimetallic  phosphate  of  alkali-metal,  which  is  either 
neutral  or  slightly  alkaline  to  test-paper,  is  added  to  a  perfectly  neutral  solution  of 
nitrate  of  silver,  or  other  heavy  metallic  salt,  a  precipitate  of  trimetallic  phosphate  is 
produced,  and  free  add  passes  into  the  solution,  so  that  the  liquid  acquires  a  strong  acid 
reaction;  e. g. — 

NaH»PO<     +     SAgNO*        -        Ag«PO*     +       NaNO"   +    .2HN0«. 
Na«HPO*     +     3AgN0«         «         Ag«PO«     +     2NaN0"   +       HNO». 

Reactions. — 1.  Soluble  orthophosphates  give  with  nitrate  of  silver  a  lemon-yellow 
precipitate  of  triargentic  phosphate,  Ag'PO*,  soluble  in  nitric  acid  and  in  ammonia. 

2.  With  acetate  or  nitrate  of  lead  they  form  a  white  precipitate  of  triplumbic  phosphate, 

FVPH)*,  insoluble  in  ammonia  and  acetic  add,  soluble  in  nitric  add.  If  a  chloride  is 
present)  the  predpitate  contains  chloride  of  lead  chemically  combined  with  the  phos- 
phate. Phosphate  of  lead  fused  before  the  blovrpipe  forms  a  crystalline  bead  on  cooling. 

3.  With  tne  chlorides  of  barium  and  calcium,  orthophosphates  give  white  pre- 
dpitates  of  dimetallic  phosphates,  Ba'HPO*  and  Ca'HPO^  easily  soluble  in  nitric^ 
hydrochloric,  and  acetic  add. 

4.  With  sulphate  or  chloride  of  moffnesiumf  to  which  ammonia  and  chloride  of  am- 
monium have  been  added,  they  give  a  white  crystalline  predpitate  of  ammonio-mag- 
nesian  phosphate,  (NH«)'M|fP*0M2H'0,  easily  soluble  m  all  adds,  slightly  solnble 
in  pure  water,  but  absolutely  insoluble  in  water  containing  free  ammonia,  even  in  presence 
of  excess  of  ammoniacal  salts.  In  very  dilute  solutions  the  predpitate  forma  very 
'slowly ;  its  deposition  is  accelerated  by  scratching  with  a  glass  rod  the  inside  of  the  Teasel 
containing  the  solution. 

5.  With  ferric  chloride^  soluble  orthophosphates  give  a  yellowish-white  predpitate  of 
ferric  phosphate,  Fe'TO^  soluble  in  hydrochloric  acid,  in  excess  of  fierrie  chloride,  in 
ferric  acetate,  and  in  ammonia,  but  absolutely  insoluble  in  acetic  acid ;  so  that  it  forms 
iriien  acetate  of  sodium  is  added  to  its  solution  in  hydrochloric  add,  or  when  acetate 
of  sodium  and  a  little  ferric  chloride  are  added  to  the  solution  of  an  alkaline-earthy 
phosphate.* 

6.  Uranio  nitrate  behayes  with  solnble  orthophosphates  in  the  same  manner  ae  feme 
salts. 

7.  Mercurous  nitrate  gives  with  solnble  orthophosphates  a  white  precipitate 
easily  soluble  in  nitric  acid.  If  the  solution  of  any  orthophosphate  in  excess  of  nitric 
add  is  eyaporated  oyer  the  water-bath  to  complete  dryness  with  excess  of  metallic  mer- 
cury, and  tne  dry  residue  (which  contains  no  free  acid)  is  treated  with  water,  all  the 
metals  contained  in  the  phosphates  are  dissolyed  as  nitrates,  while  the  whole  of  the 
phosphoric  add  remains  nndissolved  as  mercurous  phosphate.  This  reaction  is 
employed  by  H.  Rose,  for  the  separation  of  phosphoric  acid  from  all  metab  except 
mercury. 

8.  With  nitrate  of  bismuth,  soluble  orthophosphates  giye  a  white  predpitate  of 
bismuth-phosphate,  BiTO^,  insoluble  in  dilute  nitric  add. 

9.  When  a  solution  of  molybdate  of  ammonium  is  added  to  the  solution  of  any  ortho- 
phosphate  containing  tree  nitric  add,  and  the  whole  is  heated,  the  solution  immediately 
turns  yellow,  and  a  brieht  yellow  precipitate  of  phosphomolybdate  of  ammonium  is 
formed  either  immediately  or  after  some  time.  This  predpitate  is  insoluble  in  adds^ 
soluble  in  ammonia  or  in  excess  of  the  phosphate ;  hence  this  reaction  ie  pecnliarly 
fitted  for  the  detection  of  small  traces  of  phosphoric  add  (as  in  minerals,  soils,  or  the 
deposits  from  mineral  springs). 

*  Arsenic  Reid  exhibits  this  reaction  as  well  as  phosphoric  acid  ;  aad  alumhihiin*Mlts  are  precip<tAt^d 
under  the  same  drcurostances,  though  not  so  completely  as  ferric  salts. 
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-  For  the  detection  of  orthophoephorio  acid  in  nentral  or  alkaline  eolation^  ehtoride  of 
«mflionsiim»  ammonia,  and  a  fnagneHum-Mlt  are  generally  employed — ^in  an  add  aolntion, 
ferrie  ctloride  and  a(xtaU  ofaodium.  The  most  delicate  reagent  of  all  ia  molyhdaU  of 
ammonium.  Arsenic  acid,  which  exhibits  all  these  reactions,  is  easily  distinguished 
^m  phosphoric  add,  and  if  present  may  be  entirely  removed,  by  piissing  snlpfaydric 
add  gas  through  the  solution  previously  mixed  with  sulphurous  acid  (i.  538).  M  et  a  • 
phosphoric  and  pyrophosphoric  acids  are  distinguished  from  orthophosphorie 
add  by  their  reaction  witn  nitrate  of  diver  (the  former  also  by  its  property  of  coagu- 
lating albumin,  p.  636);  also  by  molybdate  of  ammonium,  with  which  they  do  not 
produce  any  ydlow  predpitate  or  coloration  until  they  are  converted  by  the  free  nitric 
add  present  into  orthophosphoric  acidi 

Trimetallic  orthophosphates  of  fixed  bases  are  not  at  all  decomposed  by  ignition  ; 
dimetallic  and  monometallic  phosphates  are  converted  by  ignition  into  pyrophosphates 
and  metaphosphates  respectively.  The  trimetallic  phosphates  of  alkali-metals  andalkaline 
earth-metals  are  not  decomposed  by  ignition  with  charcoal,  but  the  mono-  and  dimetallic 
phosphates  of  these  bases  are  decomposed  into  trimetallic  phosphates  and  free  phosphorus 
(p.  500).  The  trimetallic  phosphates  of  the  heavy  metals,  on  the  contraiy,  are  decomposed 
by  ignition  with  charcoal,  generally  yielding  metallic  phosphides ;  but  the  leadrsalt  yields 
metallic  lead  and  phosphorus-vapour.  The  several  phosphates  of  ^agnednm  when  heated 
with  charcoal  give  o£P  phosphorus  and  leave  magnesia.  Potasaium  or  sodium  heated  with 
phosphates  effects  a  reduction  of  the  salts  and  formation  of  a  phosphide  of  the  alkali- 
metal,  which  gives  off  phosphoretted  hvdrogen  when  moistened  with  water.  The  alka^ 
line-earthy  phosphates  are  only  partially  decomposed  by  fusion  with  an  alkaline  car- 
donate,  while  most  other  insoluble  phosphates  {e.ff.  those  of  magnesium,  zinc,  copper, 
manganese,  and  iron)  are  completely  decomposed  by  this  means;  the  fused  mass 
always  contains  orthophosphoric  acid.  By  boiling  in  a  solution  of  caustic  alkaH 
or  alkaline  carbonate  the  insoluble  phosphates  are  only  partially  or  not  at  all  decom- 
posed. Phosphate  of  aluminium  can  only  be  decomnosed  (in  the  dry  way)  by  fndon 
with  its  own  weight  of  silica,  and  six  times  its  weight  of  sodic  carbonate. 

Quantitative  Analysis  of  Phosphates:  Estimation  and  Separation  of 

Phosphoric  Acid, 

1.  Estimation  by  means  of  Leadroside. — ^When  phosphoric  add  exists  in  a  solution 
containing  no  fixed  base,  and  no  other  add  except  nitric  acid,  it  may  be  estimated 
by  adding  a  known  weight  of  lead-oxide,  then  evaporating  and  caldningin  the  manner 
already  described  for  the  estimation  of  hypophosphorous  add  (p.  524).  This  method 
is  directly  applicable  to  the  estimation  of  phosphoric  add  in  all  its  modifications. 

2.  By  precipitation  as  Ammonio-magnesian  Phosphate. — ^The  precipitation  of  ortho- 
phosphonc  acid  from  an  aqueous  solution  in  which  it  exists  in  the  free  state  or  com- 
bined with  an  alkali,  is  best  effected  by  the  addition  of  sulphate  of  magnesium  and 
excess  of  ammonia,  chloride  of  ammonium  being  likewise  added  to  preyent  the  predpi- 
tation  of  magnesia  in  the  form  of  hydrate.  The  phosphoric  acid  is  then  precipitated  as 
ammonio-magnesian  phosphate,  (KH*)'Mg'P'0'.  The  precipitate  does  not  settle  down 
at  once,  but  its  deposition  may  be  accelerated  bv  leaving  the  vessel  in  a  warm  place. 
Care  must  be  taken,  however,  not  to  allow  the  liquid  to  become  very  hot^  as  in  that 
ease  hydrate  of  magnedum  will  be  precipitated,  and  will  be  veiy  difficult  to  redissolve. 
The  predpitate,  after  standing  for  about  two  hours,  is  collected  on  a  filter  and  washed 
with  water  containiDg  ammonia,  as  pure  water  decomposes  it.  It  is  then  dried  and 
Ignited,  whereby  it  is  converted  into  pyrophosphate  of  magnesium,  Mg'O.P^O*  or 
Mg■F*0^  containing  63*67  per  cent  of  pho^horic  anhydride,  P*0*,  and  27*98  per 
cent,  of  phosphorus. 

If  the  phosphoric  add  is  in  the  state  of  meta-  or  pyrophosphoric  acid,  it  must  first  be 
oonverted  into  the  orthophosphoric  add  by  fusing  the  salt  with  five  or  six  times  its  weight 
of  carbonate  of  sodium,  or,  better,  with  a  mixture  of  carbonate  of  potasdum  and  car- 
bonate of  sodium  in  equivalent  proportions,  which  fnses  at  a  much  lower  temperature. 
By  this  fusion  with  excess  of  an  alkaline  carbonate  the  phosphoric  add  is  in  most  cases 
completely  separated  from  any  other  base  with  which  it  may  be  combined,  and  converti>d 
into  a  tnbasic  phosphate  of  the  alkali-metal,  which  may  then  be  treated  as  above. 
The  converdon  may  also  be  effected  by  prolonged  boiling  with  water,  adds,  or  alkalis. 

3.  As  Phosphate  of  Bismuth. — In  a  solution  free  from  sulphuric  or  hydrochloric  acid, 
phosphoric  add  may  be  correctly  estimated  by  precipitation  with  nitrate  of  bismuth.  The 
precipitate  consists  ofbismuth-phosphate,  Bi'TO^orBi'O'.P'O*  containing  23*28  percent. 
PH)*.  Pyrophosphoric  add  is  also  completely  precipitated  by  nitrate  of  bismuth,  the  pre- 
dpitate 2Bl-0*.3I^O  containing  31  '28  per  cent.  P'O* ;  metaphosphoric  add  must  be  con- 
verted into  orthophosphoric  acid  by  boiling  with  nitric  acid.  Sulphuric  and  hydro- 
chloric adds,  if  present,  must  be  removed  by  predpitation  with  chloride  of  barium  and 
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nitrate  of  silrer  raspectiTelv,  the  excess  of  silrer  in  the  latter  case  bdng  then  precipi- 
tated by  Bolphydric  acid.  If  the  solution  contains  iron  in  the  state  of  ferric  nit,  the 
phosphate  (^  bismuth  is  but  slowly  precipitate^,  and  always  contains  iron,  but  this  source 
of  error  may  be  obviated  by  reducing  the  ferric  oxide  to  ferrous  oxide  (best  with  sul- 
phydric  acid) ;  the  process  is  thus  rendered  available  for  the  estimation  of  phosphoric 
acid  in  soils,  coprolites,  iron  ores,  &c.  (Chancel,  Compt  rend.  L  416;  IL  882).  Ac- 
cording to  M'Curdy,  Brush,  and  Johnson,  however  (Bill.  Am.  J.  [2]  xxxi.  281 : 
Jahresb.  1861,  p.  823),  the  alumina  in  such  substances  introduces  a  similar  error;  and 
the  process  is  likewise  inapplicable  to  solutions  containing  chromic  or  uranic  oxide. 

4.  EeHnuUion  by  means  of  Stannic  Oxide. — ^This  method,  first  proposed  by  Rey  n  o  so 
(Ann.  Ch.  Pharm.  Ixxx.  354  ;  Jahresb.  1861,  p.  613),  depends  on  the  insolubility  of 
stannic  phosphate  in  nitric  acid.  A  known  weight  of  pure  tin-foil,  and  the  substance 
in  which  the  phosphoric  acid  is  to  be  determined,  are  treated  simultaneously  with  an 
excess  of  nitnc  add ;  the  liquid  is  filtered  as  soon  as  the  tin  is  completely  oxidised,  and 
the  residue  is  washed,  dried,  and  calcined.  Its  weight,  diminished  by  that  of  the  stannic 
oxide  formed  from,  the  weight  of  tin  employed,  gives  the  quantity  of  phosphoric  anhy- 
dride present.    The  nitric  acid  solution  contains  all  the  bases  present. 

In  GEdcining  the  stannic  phosphate,  care  must  be  taken  to  allow  free  access  of  air,  as 
otherwise  part  of  the  stannic  oxide  may  be  reduced  by  the  carbonaceous  matter  of  the 
filter  or  of  the  fiame ;  to  avoid  such  sources  of  error,  it  is  beet  to  moisten  the  mass  with 
nitric  acid  before  calcining.  It  is  also  necessary  that  the  tin  be  quite  pure  and  added 
in  considerable  excess,  equal  to  eight  or  ten  times  the  weight  of  the  phosphoric  acid  to 
be  estimated. 

A  modification  of  this  method  proposed  byBeissig  (Ann.  Gh.  Pharm.  xcviii.  839  ; 
Jahresb.  1856,  p.  726)  consists  in  dissolving  the  washed  precipitate  of  stannic  phos- 
phate in  caustic  potash,  diluting  with  water,  saturating  with  sulphydric  acid,  and  adding 
an  excess  of  acetic  or  dilute  sulohuric  acid,  which  predpitates  the  tin  as  stannic  sulphide. 
The  phosphoric  acid  remains  aissolved,  and  may  be  precipitated  from  the  filtrate  as 
ammonio-magnesian  phosphate. 

Precipitatwn  by  Uranic  salts. — This  method,  first  proposed  by  Leconte  (Compt. 
rend.  xxix.  55 ;  Jahresb.  1849,  p.  572 ;  1853,  p.  642),  and  afterwards  modified  by 
Arendt  and  Knopp  (J.  pr.  Chem.  Ixx.  885;  Jahresb.  1856,  p.  728),  consists  in  pre- 
cipitating the  phosphoric  acid  by  a  solution  of  uranic  acetate.  This  solution,  prepared 
by  precipitating  uranic  nitrate  or  chloride  with  ammonia,  and  dissolving  the  precipitate 
in  acetic  add,  without  previous  filtration,  is  added  to  the  solution  containing  the  phos- 
phoric add,  which,  if  it  contains  inorganic  adds  (it  is  best  to  dissolve  the  phosphate  in 
nitric  or  hydrochloric  add),  shoidd  be  previously  mixed  with  acetate  of  sodium.  On 
heating  the  mixture,  a  vellow  predpitate  is  formed,  consisting  of  ammonio-uranic  phos- 
phate, which  is  reduced  by  ignition  to  uranic  pyrophosphate,  2U'0'.3P*0*.  The  bases 
previously  combined  with  the  phosphoric  add  remain  in  solution,  the  phosphates 
of  diatomic  metals,  barium,  calcium,  magnesium,  &c.,  being  easily  decomposed  in  this 
manner,  and  even  aluminic  and  ferric  phosphates  being  decomposed  by  prolonged 
heating  with  a  large  excess  of  uranic  acetifite  in  presence  of  acetate  of  ammonium  and 
free  acetic  add;  but  the  method  is  not  much  used,  on  account  of  the  great  difficulty  of 
thoroughly  washing  the  precipitate  of  ammonio-uranic  phosphate. 

6.  Estimation  by  means  of  Ferric  salts. — ^This  method,  proposed  byBerthier,  con- 
sists in  adding  to  the  solution  of  the  phosphate  a  solution  of  ferric  nitrate  or  chloride 
containing  a  known  quantitv  of  iron  (best  prepared  by  dissolving  a  known  weight  of 
dean  iron-wire  in  nitro-munatic  add),  and  precipitatine  b^  ammonia.  The  predpitate, 
consisting  of  ferric  phosphate  with  excess  of  ferric  oxide,  is  carefully  washol  with  hot 
water,  then  dried  and  ignited ;  its  weighty  diminished  by  that  of  the  ferric  oxide  pro- 
duced from  the  known  weight  of  iron,  gives  the  quantity  of  phosphoric  anhydride 
present. 

It  is  important  to  use  an  excess  of  iron  (at  least,  1  pt  of  iron  to  2  pts.  of  phosphoric 
anhydride  to  be  estimated),  otherwise  a  phosphate  of  iron  will  be  formed  which  dis- 
solves in  ammonia.  But  even  when  the  proper  quantity  of  iron  is  added,  there  is  still 
a  loss  of  ferric  oxide  during  the  washing  of  the  precipitate,  the  wash-water,  whether 
pure  water  or  water  containing  ammonia  be  used,  being  always  more  or  less  coloured : 
hence  this  method,  in  the  form  above  described,  cannot  be  depended  upon  when  great 
accuracy  is  required.  For  the  predpitation  of  pyrophosphoric  add,  a  still  larger  quan- 
tity of  iron  is  required  than  for  orthophosphoric  add. 

Much  more  exact  results  are  obtained  by  nearly  neutralising  the  liquid  containing  tho 
phosphoric  acid  and  the  ferric  sslt  with  an  alkah  or  alkaline  carbonate,  then  adding  a 
considerable  quantity  of  sodio  acetatSy  and  boiling.  The  whole  of  the  phosphoric  add 
and  iron  are  thereby  precipitated  as  basic  ferric  phosphate,  mixed  with  bade  ferric 
acetate,  while  the  solution  becomes  perfectly  colourless,  and  does  not  retain  a  trace  of 
izon.    The  liquid  is  then  to  be  boil^  .filtered  while  still  hot,  and  washed  with  boiling 
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^ter  oontaining  a  little  acetate  of  smmoninin.  The  washed  precipitate  is  dried  and 
calcined  in  a  pmtinnm  cradble,  the  rendue  then  moistened  with  a  little  nitric  acid, 
heated  aeain  and  weighed,  and  the  quantity  of  phosphoric  anhydride  calculated  as  before. 
The  meUiod  thus  modified  may  be  used  for  the  separation  of  phosphoric  acid  from 
bazyta,  strontia^  lime,  and  magnesia. 

Another  modification  of  Berthier's  method  introdneed  by  Kobell  (J.  pr.  Chem. 
zxxvi.  301 ;  Jahresb.  1849,  p.  666)  consists  in  precipitating  the  solution  of  pnosphoric 
acid  and  ferric  oxide  with  carbonate  of  barium  instead  of  ammonia.  The  washed  and 
dried  precipitate  is  weighed,  then  dissolved  in  hydrochloric  acid,  and  the  barium  is 
precipitated  by  sulphunc  acid.  The  weight  of  bairtic  sulphate  thus  obtained  gives,  by 
calculation,  the  quantity  of  bazy  tic  carbonate  added ;  and  this  weight,  together  with 
that  of  the  ferric  oxide  deducted  from  the  total  weight  of  the  precipitate,  gives  the 
quantity  of  phosphoric  anhydride.  This  method  may  be  used  fur  the  separation  of 
phosphoric  acid  from  all  bases  which  are  not  precipitated  by  carbonate  of  barium. 

7.  By  Cerie  mlU, — A  solution  of  eerie  nitrate  or  sulphate  produces  in  the  nitric  add 
solution  of  any  phosphate,  e.g,  calde,  ferric,  uranic,  or  aluminic  phosphate,  a  white  er 
slightly  yellowish  predpitate  of  eerie  phosphate  of  constant  composition  and  insoluble 
in  the  add  liquid.  (D amour  and  H.  Deville,  Instit.  1858,  p.  69 ;  Jahresb.  1858, 
p.  593.) 

Volum  etrio  Me  t  h  ode, — ^The  volumetric  process  most  generally  used  for  the  estima- 
tion of  phosphoric  add  is  that  of  Li ebig,  which  depends  upon  the  insolubility  of  ferric 
phosphate  in  acetic  add.  The  solution  containing  the  phosphoric  acid  is  mixed  with 
acetic  add  or  acetate  of  sodium,  according  as  it  is  neutral  or  acid ;  and  a  solution  of  ferric 
chloride  or  ammonio-aluminic  sulphate  (ammonia-alum)  of  known  strength  is  added,  in 
quantity  just  suffident  to  predpitate  the  whole  of  the  phosphoric  add  as  ferric  phos- 
phate (FeK)*.F*0*  or  Fe'*PO*).  The  chief  difficulty  m  this  process  is  to  determine 
the  moment  when  the  precipitation  is  complete.  For  this  purpose,  Li  ebig  places  a 
drop  of  solution  of  ferrocyanide  of  potasdum  on  a  piece  of  white  filter-paper,  leaves  it  to 
spread,  then  lays  another  piece  of  filter-paper  over  the  first,  and  places  on  it  a  drop  of  the 
liquid  to  which  the  ferric  phosphate  has  oeen  added.  This  liquid,  in  passing  through 
the  paper,  parts  with  the  ferric  phosphate  which  it  holds  in  suspension,  before  it  comes 
in  contact  with  the  solution  of  ferrocyanide  on  the  lower  piece  of  paper :  hence  no 
blueinff  of  the  latter  will  take  place,  unless  the  liquid  contains  an  excess  of  ferric 
chloride.  The  addition  must,  therefore,  be  continued  till  a  faint  blueing  of  the  ferro- 
cyanide just  begins  to  take  place.  This  method  is  used  by  Li  ebig  for  the  estimation 
of  phosphoric  acid  in  urine. 

^aewsky  (Jahresb.  1847-8,  p.  945)  adds  an  excess  of  the  feme  solution,  collects 
the  predpitated  ferric  phosphate  on  a  filter ;  dissolves  it,  after  washing,  in  hydrochlorie 
add ;  and  determines  the  quantity  of  iron  in  it  by  Margueritte's  n^thod  with  per- 
manganate of  potasdum  (i.  263) ;  and  thence  calculates  the  quantity  of  phosphoric  add 
from  the  formula  Fe'TPO'*. 

General  Methods  of  separating  Phosphoric  Acid  from  Bases. 

a.  By  Mereurous  Nitrate. — This  reaction,  already  mentioned  (p.  542),  affords  the  means 
of  separating  phosphoric  add  ^m  all  bases  whatever.  The  phosphate,  or  mixture  of 
phosphates,  being  dissolved  in  nitric  add,  the  solution  may  either  be  evaporated  to 
dryness  in  contact  with  metallic  mercury,  or  exactly  neutralised  with  caustic  potash  or 
soda,  and  then  mixed  with  mercurous  nitrate,  which  throws  down  the  mercury  aa 
mercurous  phosphate. 

In  most  cases  the  first  of  these  methods  is  to  be  preferred.  The  eolation  of  the 
phosphate  in  nitric  acid  is  placed  in  a  porcelain  basin,  and  pure  metallic  mercniy  is 
add(Kl,  in  such  quantity  that  a  small  portion  may  remain  undissolved  by  the  nitric  add. 
The  liquid  is  then  evaporated  to  complete  dryness  over  a  water^bath,  so  as  to  expel 
the  whole  of  the  free  nitric  add ;  and  tne  residue  is  treated  with  water,  which  dissolves 
all  the  bases  as  nitrates,  leaving  the  phosphoric  add  undissolved  as  mercurous 
phosphate.  This  salt,  after  diying,  is  mixed  in  a  platinum  crudble  with  an  excess  of 
dry  carbonate  of  sodium,  or,  better,  of  a  mixture  of  potassic  and  sodic  carbonates  in 
equivalent  proportions ;  and  heated  over  a  lamp,  first  to  a  temperature  below  redness, 
and  not  suffident  to  fiise  the  mass,  till  all  the  metallic  mercury  and  all  the  mercury- 
salts  excepting  the  phosphate,  are  expelled— then  to  the  highest  temperature  obtainable 
by  the  gas-flame.  The  mercurous  phosphate  is  thereby  decomposed,  the  mercury  being 
expelled  and  an  alkaline  phosphate  produced.  This  when  cold  is  dissolved  in  water, 
and  the  phosphoric  add  preciptated  as  ammonio-magnedan  phosphate. 

This  method  gives  very  exact  results,  provided  care  be  taken  to  dry  the  reddue 
obtained  on  evaporating  the  nitric  add  solution  verv  completely,  so  that  no  tree  nitric 
add  may  remain  to  hold  any  of  the  original  phosphate  in  solution,  and  in  fusing  tha 

Vol.  IV.  .         NN 


546      PH0SPH0EU8J   OXIDES  AND  OXYGEN-ACIDS. 

mercurous  phosphate  w(th  alkaline  carbonate,  to  regulate  the  heat  yeiy  carefiillj  in 
the  manner  above  deflcribed,  so  as  to  avoid  loss  by  spirting.  When  properly  carried 
dot,  it  is  i^gaided  bj  Bose  as  the  best  of  all  methods  of  separating  pbosi^orie  add 
from  bases.  It  it  moreoYsr  apj^licable  in  the  manner  jnst  described  to  the  analysis  of 
all  phosphates  ezoepting  those  <^iron  (feiricom)  and  alnmininm,  in  which  cases  it  requires 
certain  modifleationa.  The  nitrates  of  these  bases  when  eTaporated,  even  at  the  heat  of 
the  water-bath,  give  off  part  of  their  nitric  add,  and  are  thereby  rendered  to  a 
great  extent  insoluble  in  water,  so  that  when  their  nitric  add  solution  ia  evi^iorated 
in  contact  with  metaUic  mercury,  and  the  residue  treated  with  water,  a  small  portion 
only  of  the  iron  or  aluminium  passes  into  the  aqueous  solution,  the  laiger  portion 
remaining  undissoWed,  tqppether  with  the  mercurous  phosphate.  In  the  case  of  iron 
the  process  requires  but  bttle  alteration,  tor  when  the  dri^  residue  is  ignited  with  the 
•Ikaune  carbonate,  the  feme  phon>hate  is  completely  deoompoeed;  so  that»  on  tveating 
the  fused  mass  with  water,  the  whole  of  the  phosphoric  acid  passes  into  s(^ution  as 
before,  while  the  iron  remains  as  ferric  oxide,  and  its  amount  may  be  added  to  that 
which  has  passed  into  solotion  as  nitrate.  In  the  case  of  aluminium,  however,  the 
process  in  tnis  ifxm  is  no  longer  applicable,  for  aluminic  phosphate  is  but  very  im- 
perfecUy  decomposed  by  ftision  with  alkaline  caibonatea.  In  this  case,  therefore,  it  is 
necessary  to  adopt  the  second  form  of  the  process  above  mentioned,  which  consists  in 
predpitating  the  neutralised  solution  of  the  phosphate  in  nitric  add  with  mercurous 
nitrate,  separating  the  predpitated  mercurous  pho«>hate  by  filtration,  washing  it  with 
water  containing  a  little  mercurous  nitrate,  and  decomposing  it  when  dry  by  fusion 
with  alkaline  carbonate,  as  above.  The  filtrate  contains  all  the  aluminium,  toeetber 
with  the  excess  of  mercurous  salt.  The  greater  part  of  the  mercuiy  is  predpitated  from 
it  by  hydrochloric  add ;  a  smaller  portion,  which  has  passed  into  the  state  of  mercuric 
salt  and  still  remains  dissolved,  is  separated  by  sulphvoric  add ;  and  in  the  remaining 
solution  the  aluminium  is  determined  by  the  usual  methods.  If  any  of  the  alkaline  earths 
are  also  present,  especially  lime,  this  last  mode  of  se|)aration  cannot  be  applied,  becanse  a 
small  quantity  of  earthy  phosphate  is  then  predpitated,  together  witn  the  mercurous 
phosphate. 

For  full  details  of  the  preceding  process,  see  H.  Bose.  (IVaiU  tU  Cktmie  AnaljfHque, 
n.  708.) 

$,  By  NUraU  of  Silver  or  Nitrie  Acid  apd  Metallic  Silver. — The  mode  of  proceeding 
is  similar  to  that  with  mercurous  nitrate,  excepting  that  when  the  phosphoric  add  is 
precipitated  from  the  neutralised  solution  by  nitrate  of  sOver,  the  phosphate  of  silver 
must  be  collected  on  a  tared  filter,  and  weighed  after  drying  at  100^. 

7.  Pree^nioiion  by  Molybdate  o/Ajnmonium. — The  molybdic  solution  is  prepared  by 
dissolvinff  1  pt.  of  molybdic  trioxide  in  8  pte.  of  stronjg  aqueous  ammonia,  ana  mixing 
the  solution  with  20  pts.  of  nitric  add.  This  liquid  is  added  to  the  solution  of  the 
phosphate  in  nitric  acid,  in  such  proportion  that  the  quantity  of  molybdic  trioxide 
may  be  thirty  or  forty  times  as  great  as  that  of  the  phosphoric  add  to  be  determined. 
The  liquid,  together  with  the  reralting  yellow  predpitate,  is  digested  for  several  hours 
at  a  rather  high  temperature,  and  the  predpitate  is  washed  on  a  filter  with  the  liquid 
which  has  been  used  for  the  predpitation.  The  yellow  predpitate  is  then  dissolved 
Cfff  the  filter  by  ammonia,  and  the  phosphoric  add  is  precipitated  from  the  filtrate  as 
ammonio-magnesian  phosphate. 

This  method  serves  for  the  sepaiation  of  phosphoric  add  from  the  alkaline  earths, 
the  other  earthy  oxides,  and  likewise  from  aJumina,  ferric  oxide,  and  many  other 
metallic  oxides ;  but  it  cannot  be  depended  upon  for  giving  exact  results,  excepting 
when  the  quantity  of  phosphoric  add  to  be  determined  is  very  small.  Pyrophospnoric 
and  metapbosphoric  adds,  to  be  determined  by  this  method,  mustfirst  be  oonvertu  into 
orthophosphoric  add  by  prolonged  boiling  with  nitric  add. 

Lipowita  (Pogg.  Ann.  dx.  136;  Jahresb.  1860,  p.  700)  dissolves  2  pts.  molybdic 
trioxide  in  a  warm  solution  of  1  pt.  tartaric  add  in  15  pts.  water ;  adds  10  pts.  aqueous 
ammonia  of  spedflo  gravity  0*97,  and  16  pts.  nitric  add ;  heats  the  whole  to  boiling ; 
filters  from  a  small  quantity  of  molybdic  tnoxide  which  separates ;  and  uses  the  resulting 
solution  for  the  quantitative  estimation  of  phosphoric  add  by  direct  predpitation.  For 
this  purpose  a  ouantit^  of  the  solution  (about  6  or  6  c  c.  to  0*05  grm.  phosphoric 
anhydride^  to  be  determined)  is  heated  to  boiling  in  a  porcelain  dish,  the  addulated  solu- 
tion of  the  phosphate  is  added,  the  yellow  predpitate  is  collected  on  a  weighed  filter, 
washed  with  water  containing  ^th  of  nitric  add,  and  dried  at  20^ — 30°,  or  better,  over 
oil  of  vitriol,  and  weighed.    It  contains,  according  to  Lipowita,  3*607  per  cent.  P*0*. 

It  must  be  observed,  however,  that  the  yellow  precipitate  is  soluble  in  a  laige 
quantity  of  tartaric  acid.    (H.  Rose.) 

y.  By  Sulphuric  Add  and  Alcohol. — As  many  sulphates,  especially  those  containing 
strong  basest  are  insoluble  in  alcohol,  the  separation  of  phosphoric  add  from  the  oor> 
Msponding  bases  may  be  effected  by  mixing  the  solution  of  the  phosphate  in  water. 
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mtric  acid,  or  hydrochlorie  add,  with  mlplnirio  add  and  irith  alcohol— the  base  being 
then  precipitated  as  sulphate,  while  the  phosphoric  aeid  remains  dissolved  in  the 
aloohm.  This  method  is  Ibnnd,  howerer,  to  give  exact  resolts  onty  when  applied 
to  the  phosphates  of  the  alkaline  earth-metals  and  phosphate  of  lead.  With  o^er 
bases  an  eiror  of  4  per  cent  sometimes  arises,  even  wnen  tke  analjsbispeifonned  with 
all  possible  care,  and  ether  is  added  as  well  as  aloohoL 

9.  By  fiuUm  with  AlkaUne  Carbonate$, — Many  phosphates  are  completely  decom- 
posed by  fbsion  with  excess  of  alkaline  carbonate,  a  mixture  of  potassie  and  sodio 
carbonates  in  eomvalent  proportions  being  the  most  convenient  for  tiie  pnipose.  The 
phosphates  of  the  heavy  metals  are  for  the  most  part  easily  decor^posed  in  this  manner, 
bnt  tlie  phosphates  ot  the  alkaline  earth-metals,  and  especially  phosphate  of  calcinm,  are 
but  imperfectly  decomposed  thereby,  and  must  therefore  be  treatea  by  other  methods. 
The  decomposition  \q  ftisiou  with  alkaline  carbonate,  when  it  can  be  aroUed,  ia 
especially  convenient  for  the  analysts  of  phosphates  mixed  with  sulphates,  chloridesy 
and  other  salts,  the  several  adds  passings  together  with  the  phoiphorie  acid,  into  the 
state  iA  alkaline  salts. 

c.  By  Tartaric  or  Citrio  Acid.—^The  precipitation  of  many  meUds  from  solutions  of 
their  salts  by  alkalis,  is  prevented  by  the  presence  of  certain  fixed  oiaanic  substances, 
tartaric  and  dtric  add  among  the  number.  Hence  the  separation  of  phosphoric  add 
fbom  such  bases  may  be  effected  by  adding  to  the  solution  of  the  phosphate  a  consider- 
able quantity  of  tartaric  or  dtric  add,  then  an  excess  of  ammonu^  siu-ammoniac,  and 
sulphate  of  magnedum.  The  phosphoric  add  is  then  precipitated  99  ammonio-magne- 
dan  phosphate,  while  the  bases  remain  in  solution.  When  tartaric  add  is  used,  as 
originally  proposed  by  Otto^  a  small  quantity  of  tartrate  of  magnedum  is  ftequently 
predpitated,  together  with  the  ammooio-magnesian  phosphate,  and  is  difficult  to  get 
rid  of:  hence  B.  Warington,  Jun.  (Gbem.  Soc.  J.  xvi  804),  recommends  the  use  of 
dtric  add,  which  does  not  introduce  this  source  of  error.  Sometimes  a  small  quantity 
of  the  base  is  predpitated,  to^petfaer  with  the  phosphate,  in  spite  of  the  presence  of  the 
organic  add.  To  suard  a|;ainst  this  source  of  error,  it  is  best  to  redissolve  the  pred- 
pitate  in  hydrodiKiric  acid,  again  add  dtric  add,  and  supersaturate  with  ammonia. 
The  ammonio-magnesian  salt  is  then  repredpitated  in  a  state  of  perfpct  purity. 

This  method  is  employed  chiefly  for  the  separation  of  phosphoric  acid  fiom  ferric 
oxide  and  alumina.  Tram  the  liquid  filtered  from  the  predpitated  phosphate,  iron 
is  predpitated  by  sulphide  of  ammonium ;  but  aluminium,  wnich  is  predpitated  by 
this  reagent,  not  as  su^hide  but  as  hydrate,  cannot  be  separated  thereby,  or  by  am- 
monia or  alkaline  carbonates,  from  the  solution  under  consideration,  on  account  of  the 
organic  matter  present.  To  eflfect  its  separation,  the  solution  is  mixed  with  a  quantity 
of  sodic  carbonate  suifident  to  decompose  all  the  chloride  of  ammonium  present,  then 
evaporated  to  dryness;  and  the  reddue  is  ignited  to  bum  away  the  greater  part  of  the 
organic  matter,  then  digested  in  h^drochlraie  add,  which  dissolves  port  of  toe  alumina 
and  all  the  magnesia  present,  leaving  a  mixture  of  alumina  and  chaivoaL  This  reddue 
is  dther  calcined  a  second  time,  to  bum  away  the  rwnainzng  charcoal,  or,  better,  it 
is  fbsed  with  a  mixture  of  nitre  and  alkaline  carbonate.  In  the  latter  case  the 
alkaline  salts  may  be  dissolved  out  by  water,  leaving  a  residue  of  alumina  easily 
sduble  in  hydrochloric  add.  In  the  former,  the  alumina  is  left  in  a  difficultly  soluble 
state,  and  to  render  it  soluble  it  must  be  ftised  with  add  sulphate  of  potasdum ;  the  fused 
mass  then  dissolves  completely  in  water.  The  solution  of  alumina  ihvm  obtained  is 
added  to  the  other  portion,  uid  the  alumina  predpitated  by  ammonia  in  the  usual 
manner.  The  decompodtion  of  the  chloride  of  ammonium  before  calcination  is 
essential,  because  that  salt  in  volsriliring  would  cany  with  it  a  portion  of  the  aluminium 
in  the  form  of  chloride. 

C  By  CarbonaU  of  Barium. — ^The  separation  of  phosphoric  add  by  means  of 
earbonato  of  barium  and  a  ferric  salt  has  already  been  aescnbed  (p.  644).  Carbonate 
of  barium  alone  does  not  predpitate  phosphoric  add  completely  from  its  aqueous 
solution ;  but  if  the  phosphate  of  any  base  not  predpitated  by  carbonate  of  barium, 
the  alkaline  earths  and  mayiAWR  fbr  example,  be  dinolved  in  nitric  or  hydrochloric 
add,  carbonate  of  barium  will  predpitate  all  the  phosphoric  add,  together  with  any  of 
the  weaker  bases  (such  as  alumina,  ferric  oxide^  or  chromic  oxide)  that  may  also  be 
present,  leaving  the  stronger  bsses  in  solution.  This  method  may  be  applied  to  the 
analysis  of  mixtures  of  earthy  phosphates,  such  as  occur  in  soils,  eoprolites,  guano,  artifi- 
dal  manures,  &c,  in  which  thepresence  of  alumina  inteileree  with  the  sepkration  by  nitric 
add  and  metallic  mercury.  The  phosphate  having  been  dissolved  in  nitric  or  hydro- 
chloric add,  and  the  solution  boiled  for  some  time,  to  convert  any  p]p>phosphoric  add 
that  may  be  present  into  orthophosphoric  add,  carbonate  of  barium  is  to  be  added,  till 
the  f^ee  acid  is  completdy  saturatM,  and  the  liquid  left  to  stand  for  a  few  days,  with 
fluent  agitation.  The  washed  predpitate,  containing  alumina  and  ferric  oxide  to- 
getner  with  phosphate  and  carbonate  of  barium,  is  then  to  be  dissolved  in  hydrochloric 
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acid,  and  the  barium  precipitated  by  Balphurie  acid.  The  filtrate  may  be  treated  with 
«itrio  acid,  ammonia,  and  sulphate  of  magnesiiim,  to  precipitate  the  phoephoric  add, 
and  the  fenic  oxide  and  alumina  which  remain  in  soliition  may  be  separated  by  the 
usoal  methods.  The  eolation  filtered  from  the  precipitate  formed  by  the  carbonate  of 
barium  is  free  from  phosphoric  add,  but  contains  the  nitrates  or  chlorides  of  caldum, 
maenesLum,  and  the  alkali-metals,  toother  with  nitrate  or  chloride  of  barium.  It 
is  freed  from  barium  by  sulphuric  acid;  the  neutralised  filtrate  is  then  treated  with 
oxalic  add  to  precipitate  the  caldum ;  and  the  magpedum  and  alkali-metals  are  sepa- 
rated by  the  methods  described  under  HAOKSsniM  (iii.  763). 

When  caldum  is  present  in  considerable  quantity,  the  washing  of  thelaat-mentioned 
predpitate  of  sulphate  of  barium  is  veiy  tedious  and  difficulty  on  account  of  the  sparing 
solubility  of  the  sulphate  of  caldum  with  which  it  is  mixed.  In  this  case  it  is  beet, 
after  washing  out  the  more  soluble  sulphates  with  water,  to  treat  the  remaining  pre- 
dpitate with  a  solution  of  carbonate  of  ammonium,  whereby  the  renuiining  sulpluite  of 
caldum  is  oonyerted  into  caibonate;  then,  after  washing,  dissolve  out  the  carbonate 
of  caldum  with  hydrochloric  add,  and  add  the  solution  to  that  containing  the  other 
bases.    (H.  Rose,  Ihnti  d$  Ckimu  Analytique,  ii  719.) 

Special  Methods  of  Separation, — ^Fiom  metals  whose  sulphides  are  insoluble 
in  adds  (copper,  lead,  mercury,  &c.)  phosphoric  add  is  easily  separated  by  pasdng 
sulpbydric  ada  gas  through  an  add  solution  of  tne  salt  The  phosphoric  add  may  then 
be jpredpitated  from  the  filtrate  as  ammonio-magnesian  phosphate. 

Phos^iate  of  zinc  dissoWed  in  acetic  add  may  also  be  decomposed  by  sulphydric 
acid. 

The  phosphates  of  iron,  magnesium,  nickel,  cobalt,  and  uranium  are  decom- 
posed by  sulphide  of  ammonium,  the  metals  being  separated  as  sulphides ;  but  this  mode 
of  separation  is  not  found  to  giro  exact  results,  excepting  in  the  case  of  iron.  A  better 
method  is  to  fuse  the  phosphates  with  an  alkaline  carbonate  (p.  646).  In  the  case  of 
uranium,  howeyer,  the  separation  by  this  method  is  not  complete,  a  certain  quantify 
of  nranic  oxide  always  passing  into  s<dution  together  with  alkaline  phosphate  and 
carbonate.  To  obtain  complete  separation,  the  salt  must  be  fused  with  about  three 
times  its  weight  of  a  mixture  of  carbonate  of  sodium  and  cyanide  of  potassium  ;  the 
uranium  is  then  wholly  separated  as  protoxide.  The  fused  mass  is  digested  with  water 
containinff  sal-ammoniac  (if  pure  water  is  used,  the  uranous  oxide  separates  in  a  reiy 
finely-diyided  state,  and  runs  throug|h  the  filter) ;  the  phosphoric  acid  is  precipitated 
from  the  filtrate  as  ammonio-magnesian  phosphate ;  and  the  insoluble  uranous  oxide, 
which  retains  a  small  portion  of  alkali,  is  dissolved  in  nitric  add,  precipitated  by  am- 
monia, washed  with  water  containing  a  little  sal-ammoniac,  ignited  in  a  stream  of 
hydrogen,  and  weighed. 

A  similar  method  serves  for  the  separation  of  phosphoric  add  from  the  oxides  of 
ehromium.  The  chromic  oxide,  whidi  remains  undissolved  after  the  alkaline  phos- 
phates, &c.  have  been  washed  out^  likewise  retains  a  small  quantity  of  alkaline  salt,  to 
free  it  from  which,  it  must  be  ftised  with  nitre  and  sodic  carbonate,  and  the  resulting 
diromie  add  predpitated  by  mercurous  nitrate,  or  reduced  to  chromic  oxide  by  any  of 
the  methods  described  under  Ghbokiux  (i.  944). 

From  yttria^  thorina,  and  the  oxides  of  cerium,  lanthanum,  and  didy- 
mium,  phosphoric  add  is  easily  separated  by  adding  oxalic  add  or  oxalate  of  am- 
monium to  the  nearly  neutralised  solution  of  the  phosphate  in  nitric,  hydrochloric,  or  sul- 
phuric add.  The  metal  is  then  completely  sepanted  as  oxalate,  and  thephosphoric  acid  may 
oe  precipitated  from  the  filtrate  as  ammonio-magnesian  phosphate.  The  treatment  with 
nitric  add  and  metallic  mercury  may  also  be  applied  to  the  separation  of  phosphoric 
acid  from  these  bases,  as  well  as  from  glucina  and  zirconia. 

From  alumina,  phosphoric  add  is  most  easily  separated  by  means  of  citric  add, 
ammonia,  and  a  magnesium-salt,  as  already  describe  (p.  647).  An  older  mode  of 
separation,  proposed  byfierzelius,  isto  ignite  the  aluminic  phosphate  with  24  pts.  of 
finely-divided  silica  and  6  pts.  of  sodic  car£)nate.  The  ignited  mass  (which  does  not 
fuse^  is  digested  with  water,  which  dissolves  sodic  phosphate  and  carbonate,  and  a 
small  quantity  of  sodic  silicate,  leaving  the  alumina  and  the  greater  part  of  the  silica 
undissolved;  the  filtered  solution  is  mixed  with  excess  of  hydrochloric  add,  and  evapo- 
rated  finally  over  the  water-bath,  to  render  the  silica  completely  insoluble ;  the  reddue 
is  boiled  with  water ;  and  the  .phosphoric  add  precipitated  from  the  filtered  liquid  as 
ammonio-magnesian  phosphate.  The  insoluble  residue  containing  the  alumina  is 
treated  with  hydrochloric  add  and  evaporated  to  dryness ;  the  residue  is  moistened 
with  hydrocUoric  add,  boiled  up  with  water,  and  filtered  to  separate  the  silica ;  and 
the  alumina  is  precipitated  from  the  solution  by  ammonia  or  carbonate  of  ammonium. 
A  modification  of  this  method,  proposed  by  Fuchs,  consists  in  dissolving  the  aluminic 
.phosphate  in  caustic  potash,  adding  silicate  of  potassium  (soluble  glass)  and  boilins, 
whereby  all  the  alumina  is  predpitated  as  silicate  of  aluminium  and  potasdnm,  whi& 
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phoflphate  of  potassiam  remains  in  solution.  Froni  this  solation  the  phosphoric  acid 
IB  precipitated  as  ammomo-magnesian  phosphate,  and  the  precipitated  aincate  is  treated 
as  aboTe  for  the  determination  of  the  alumina. 

From  baryta^  phosphoric  acid  is  most  easily  separated  by  treating  the  solution  of 
the  compound  in  hydrochloric  acid  with  sulphuric  acid,  which  precipitates  the  baryta ; 
from  strontiain  like  manner,  with  addition  of  alcohol. 

From  lime,  phosphoric  acid  is  easily  separated  by  precipitating  the  base  as  oxalate 
from  the  solution  of  the  phosphate  in  acetic  acid,  or  in  hydrochloric  or  nitric  acid  oodxed 
with  acetate  of  sodixmi  or  ammonium;  from  magnesia  by  fusion  with  an  alkaline 
carbonate,  &c.  (p.  546),  phosphate  of  magnesium  being  completely  decomposed  by  this 
treatment^ 

When  lime  and  magnesia  occur  together  as  phosphates,  as  in  bone-earth  and 
plant-ashes,  the  substance  may  be  dissoiYed  in  hydrochloric  acid ;  the  lime  precipi- 
tated by  oxalate  of  ammonium  as  above ;  and  the  filtrate  treated  with  excess  of  am- 
monia, which  throws  down  a  precipitate  of  ammonio-magnesian  phosphate,  leaving 
a  solution  still  containing  phosphoric  acid  or  magnesia,  according  as  one  or  the  other 
is  in  excess.  In  the  former  case  the  phosphoric  acid  is  precipitated  by  addition  of  a 
magnesium-salt ;  in  the  latter,  the  magnesia  is  precipitated  by  addition  of  a  soluble 
phosphate. 

Such  mixtures  or  compounds  may  also  be  analysed  by  treatment  with  nitric  acid  and 
metallic  mercury,  but  not  by  precipitation  with  solution  of  mercnrous  nitrate  (p.  646), 
because  a  certain  quantity  of  calcic  phosphate  is  always  precipitated  at  the  same  time. 
Fusion  with  an  alkaline  carbonate  is  not  applicable  to  them,  because  phosphate  of  cal- 
cium is  but  yery  imperfectly  decomposed  thereby. 

From  the  alkalis,  phosphoric  acid  may  be  separated  by  precipitation  with  acetate 
of  lead.  The  precipitated  phosphate  of  lead  must  be  weighed  when  dry,  the  quantity  of 
lead  contained  in  it  determined,  and  thence  the  quantity  of  phosphoric  acid  may  be  cal- 
culated. The  solution  containing  the  alkalis  and  the  excess  of  lead-salt  is  treated  with 
carbonate  of  ammonium  to  precipitate  the  lead ;  the  filtrate  is  then  acidulated  with 
sulphuric  or  hydrochloric  acid;  and  the  alkalis  are  estimated  as  sulphates  or  chlorides. 

The  separation  is,  howerer,  more  easily  effected  by  means  of  nitnc  acid  and  metallic 
mercury,  especially  in  the  case  of  the  lithium-phosphates,  which  are  but  slightly 
soluble  in  water.  The  same  method  is  also  the  best  adapted  for  analysing  the  in- 
soluble compounds  which  the  alkaline  phosphates  form  with  those  of  calcium  and  mag- 
nesium. If  alimiina  is  also  present^  it  is  best^  as  already  observed,  to  adopt  the  meth^ 
of  separation  by  means  of  carbonate  of  barium  (p.  547).  The  method  or  separation  by 
eerie  salts  mieht  also  be  applicable  to  such  mixtures  (p.  545). 

When  all  the  phosphoric  acid  in  an  alkaline  phosphate  is  in  the  state  of  orthophos- 
phoric  acid,  it  may  be  completely  separated  by  Uie  easier  mode  of  precipitation  with  • 
solution  of  mereurous  nitrate. 

Separation  of  Phosphorie  Aoid  from  other  Acids, 

From  sulphuric  acid,  phosphoric  acid  is  easily  separated  by  precipitating  the 
former  as  sulphate  of  barium  from  an  acid  solution ;  if,  however,  metaphosphoric  add 
is  present,  it  must  first  be  converted  into  pyro-  or  oithophoephoric  aci{  otherwise  the 
seraration  will  not  be  complete. 

From  selenious  acid,  phosphoric  add  is  separated  by  predpitating  the  selenium 
with  sulphurous  add ;  the  phosphoric  add  may  then  be  predpitated  fi^m  the  filtrate 
as  ammonio-magnesian  phosphate.  Ifselenic  acid  is  present,  it  must  first  be  re- 
duced to  selenious  add  bv  means  of  hydrochloric  add.  Flredpitation  with  barium- 
salts  does  not  effect  complete  precipitation.    (See  Selenitth.) 

The  same  method  serves  for  the  separation  of  phosphoric  add  from  the  adda  of 
tellurium. 

From  hydrochloric,  h^drobromic,  and  hydriodic  acids,  phosphorie  add 
is  easily  separated  by  prednitating  the  former  adds  with  nitrate  of  silver  in  add  solu- 
tion. The  phosphoric  add  may  be  precipitated  from  the  filtrate  as  triargentic  phos- 
phate, by  carefril  neutralisation  with  an  alkali ;  or,  better,  the  excess  of  silver  may  be 
removed  from  the  solution  by  hydrochloric  add,  and  the  phosphoric  add  then  predpi- 
tated as  ammonio-magnesian  phosphate. 

Respecting  the  separation  of  phosphoric  from  hydrofluoric  acid,  see  FLUOBiini 
(ii.  676). 

Flrom  boric  acid,  phosphoric  add  may  be  se^taiated  in  several  ways : — a.  The  phos- 
phoric add  may  first  be  thrown  down  as  ammonio-magnesian  phosphate,  and  the  borio 
add  then  determined  in  the  filtrate  by  the  methods  specially  adapted  to  it  (i.  630). — 
^.  The  solution  of  a  phosphate  and  a  borate  in  hydrochloric  or  nitric  acid  is  treated  with 
carbonate  of  barium,  whereby  the  phosphoric  add  is  precipitated  as  phosphate  of 
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barium,  while  the  whole  of  the  boric  aeid  remaiiui  in  solution.  This  mode  of  eepentioii 
18  Dot,  however,  quite  exact,  as  phosphate  of  barium  is  not  completely  insoluble  in  a 
liquid  containing  boric  acid. — 7.  When  the  two  acids  exist  in  solution  in  oombi.- 
nation  witii  alkalis  alone,  they  may  be  sepanted  by  addition  of  acetate  of  potassium, 
which  throws  down  the  whole  of  the  boric  acid  ae  hydzoflaoborate  of  potassium 
(i.  633),  leering  the  phosphoric  acid  in  solution. 

From  silicates. — fifths  silicate  is  easily  deoomposiUe  by  acids»  the  whole  of  the 
phosphoric  acid  will  be  found  in  the  acid  liquid  obtained  by  treating  it  with  an, 
add,  and  filtering  from  the  silica.  If  the  silicate  is  free  from  alumina,  it  may  be  de^ 
composed  by  nitric  acid,  the  resulting  liquid  CTuwrated  to  diyness  over  a  water-bath, 
the  silica  separated  in  the  usual  manner,  and  the  phosphoric  acid  separated  fnm.  the 
bases  in  the  filtrate  by  means  of  nitric  acid  and  metallic  mereuiy. 

In  silicates  of  aluminium  containing  no  other  base,  phosphoric  acid  may  be  separated 
by  fusing  the  compound  with  an  alkaline  carbonate,  and  treating  the  product  in  the 
manner  already  described  (p.  548),  the  weight  of  ihb  silica  being  of  course  likewise 
determined.  If  Uie  substance  to  be  analysed  contains  Urge  quantitiea  of  phosphoric  acid 
and  alumina  in  proportion  to  the  silica,  it  wiH  be  necessary  to  add  a  quantity  of  finely* 
divided  silica,  in  the  proportion  of  about  1^  pt  silica  to  2  pts.  of  the  aluminie  phosphate. 
The  weight  of  this  quantity  of  silica  must  then  be  deducted  from  the  total  w^ght  of 
that  substance  obtained  in  the  analysis.  But  when,  as  is  more  generally  the  ease^  the 
silicate  contains  other  bases,  and  especially  lime,  it  must  be  deoomnosed  by  an  add, 
best  with  hydrodilorie  add,  the  silica  separated,  and  its  quantity  oetermined  in  the 
usual  wav  (see  p.  648,  also  Siucx>ir) ;  and  the  phosphoric  acid  and  bases  in  the  filtrate 
separated  by  carbonate  of  barium  in  the  manner  alreadpr  described  (p.  647X 

Silicates  undeoomposible  hj  adds  must  be  fbsed  with  aa  alkaline  carbonate,  the 
dlica  separated  by  hydroehlonc  add,  and  the  filtrate  treated  as  above,  aceqrding  to  the 
bases  present  If  alkalis  are  present,  they  must  be  determined  by  a  special  analysis, 
Uie  silicate  being  decomposed  by  l^drofluorie  add.  (H.  Bos  e,  TVaiU  de  Ckmie  Analjf' 
Uque,  ii.  896.) 

f'or  the  methods  of  determining  phocphorio  add  and  fluorine  when  they  ooour  to- 
gether  in  silicates,  see  SiucATas. 

From  titanic  acid. — ^Phosphoric  add  forms  with  titanic  add  an  insoluble  com- 
pound, which  ma^  be  decomposed  by  ftidon  with  an  alkaline  carbonate.  On  treating 
the  iused  mass  with  water,  an  alkaline  titanate  remains  undissolved,  while  the  alkaline 
phosphate  dissolves. 

From  molybdio  acid,  phosphoric  add  is  separated  b^  sulphide  of  ammonium, 
the  molybdenum  being  dissolved  thereby  as  trisulphide,  whidi  may  be  predpitated  by 
an  add.  In  the  filtrate,  the  pho^horie  add  is  predpitated  as  ammonia-magneaian 
phosphatei 

From  vanadic  acid,  phosphoric  add  is  separated  by  aolutioii  of  sal-amm<miac  in 
which  vanadate  of  ammomum  xs  insoluble.  The  predpitate  is  first  washed  with  water 
containing  sal-ammoniac,  then  with  alcohol,  and  transformed  into  vanadic  anhydride 
by  careful  heating.  The  phosphoric  add  is  predpitated  from  the  filtrate  as  ammonio- 
magnesian  phosphate. 

Metallic  Phosphate*. 


VHMpliAtaa  f  Alumirtwin.  a.  Metaphoephate,  AIH>*.8PH)*  and  A1'*F*0*.-^ 
Prepared  by  dissolving  hydrate  of  aluminium  in  excess  of  aqueous  phomhorio  add, 
evaporating,  and  heating  the  reaidne  to  816^.  It  is  a  white  anhydrous  salt^  insoluble 
in  water  and  in  concentrated  adds.    (Maddrell,  Chem.  Soc  Hem.  iii.  873.) 

$.  Orthophosphates. — ^Hydrated  oithophosphates  of  aluminium  oocur  in  many 
minerals  often  associated  with  other  salts.  Giblwite,  kalaite,  peganite^  fisoherite,  and 
wavellite  are  hydrated  phosphates  of  aluminium,  the  last-mentioned  sometimes  also  con- 
taining fluoride  of  aluminium  ;  amblyeonite  is  a  phosphate  of  aluminium,  lithium,  and 
sodium ;  lazulite  is  hydrated  phosphate  of  aluminium  associated  with  ferrous  aud 
maffnesie  phosphates. 

Orthophorohates  of  aluminium  are  produced  by  predpitat&ag  solutions  of  aluminium- 
salts  with  alkaline  phosphates ;  but  Hie  products  thus  obtained  vary  considerably  in 
composition,  according  to  the  proportions  of  the  acting  solutions,  the  temperature  at 
which  they  are  mi^sd,  and  the  extent  to  which  the  predpitate  is  washed;  the 
predpitates  also  frequently  retain  portions  oi  the  soluble  aluminium-salt  or  of  the 
alkaline  phosphate. 

Aeid  ealtf — According  to  Ludwis^  the  predpitate  formed  by  phosphate  of  sodium 
in  a  solution  of  alum,  contains,  in  the  anhydrous  state,  8A1*0*.9FK)*.  A  solution  of 
aluminie  nhosphate  in  aqueous  phosphoric  add  leaves  on  evaporation  a  gummy  mass, 
which  melts  to  a  colourless  glass. 
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VeuUti  wait,  A1»0«.I»0».6H*0,  or  AnP0«.8H»0  (or  with  4  at.  or  4)  at.  H«0),— 
Pfodaoed  by  eomplfitely  pradpitatinff  a  neatial  solution  of  alum  with  cxeew  of  aodie 
ofthophoflphate,  iSsst  bj  gradnallj  adding  the  aiom-solution  to  the  solable  pfaoaohate : 
also  when  a  Bolntien  of  aluminie  pho8p£kte  in  hjdxochlorio  acid  is  nentraliBed^  with 
ammonia,  or  precipitated  with  acetate  of  eodinm ;  or  when  an  alkaline  eolation  of 
aluminie  phosphate  is  neutralised  with  acetic  acid.  It  is  a  white  bulky  preeipitatAi 
forming  when  dry  a  loose  white  powder,  the  amount  of  water  in  which  i^pean  to  Tuiy 
from  8  to  44  atoms.  OMsUe,  from  Bichmond,  Masaachussetts,  oontains,  according  to 
Herm  an  n>  analysis  (J.  pr.Chem.zl.  82,  xlii.  1),  87*62  percent  phosphoric  anhydride, 
26*66  alumina,  and  8572  water,  agreeing  nearly  with  the  formula  A1K)*.PH)*.4HH), 
which  requires  86  68  per  cent  1*0*,  26*42  Al'O",  and  87*05  water.  In  other  samples, 
however,  Hermann  found  less  phosphoric  anhydride  and  more  alumina,  probably 
arising  from  admixture  of  hydrargyllite  (hydrate  of  iduminium,  ii.  888). 

Bogie  salU.--^  A  salt  containing  16AIH)*.15PK>*,  or  AlH)*.80ArPO\  is  Ibnned, 
according  to  L  n  d  w  i  g,  by  precipitatii^  a  solution  of  aluminie  phosphate  in  caustic  soda- 
ley  with  acetic  add,  but  it  is  most  probably  nothing  but  the  neutral  salt  mixed  with 
free  alumina. 

6.  4A1«0».8PK)».18H«0.  or  6AlTO«.2Ar'BPO".15aq.— This  is  said  by  Kammels- 
b erg  to  be  the  composition  of  the  bulky  precipitate  formed  by  adding  ammonia  to  a 
neuteal  solution  of  chloride  of  aluminium.  It  is  more  gelatinous  and  translucent  than 
the  preetpitated  normal  phosphate ;  retains  15  at.  water  at  100^.  Its  comoositioii 
appears,  howeyer,  to  raiy  aceonling  to  the  quantity  of  ammonia  added,  and  tae  time 
during  which  it  is  left  in  contact  inth  the  precipitate;  and,  if  digested  with  excess  of 
ammonia  for  about  24  hours,  it  gives  up  part  of  its  aci<^  and  is  converted  into  a  hydrate 
of  the  salt  2A1K)*.P*0*. 

c.  3A1K)*.2F«0*.12H>0,  or  4Al'T0^2Al''VO'.9aq.— This  is  the  oompositioB  of 
WaveUite^  a  mineral  occurring  in  trimetric  crystals  exhibiting  the  combimttion  odP. 
aetfeo .  Poo .  Batio  of  maenxUagonal,  brachydiagonal,  and  prindpal  axis  &s  1*4943  : 
1 :  0*743l«  Angle  ooP  :  osP  ••  126*25.  Cleavase rather  perfect,  parallel  to  ooP,  also 
parallel  to  che  brachydiagonal.  More  frequently,  however,  the  mineral  forms  hemisphe- 
rical or  globular  concretions^  having  a  radiate  structure.  Hardness  >-  8*25.  Spedflc  gra- 
vity a  2*387  to  2*8616.  Lustre  vitreous,  inclining  to  pearly  and  resinous.  Colour  white^ 
passing;  into  yellow,  green,  grey,  brown,  and  black.  fiUeak  white.  Translucent.  Index  of 
refraction  -i  1*52. — When  heated  it  gives  off  water,  and  sometimes  also  hydzofluoiio 
add ;  oolours  the  blowpipe  flame  a  &nt  bluish-green ;  swells  up  osi  ohareoal,  turns 
white,  and  ochibitB  the  reactions  of  alumina. 

Analyaes.  1,  From  Zbirow  in  Bohemia  (Hermann,  J.  pr.  Chem.  xxxiii.  288). — 
2.  From  Barnstaple  in  Devonshire  (BerseliuSr  Schw.  J.  xviii  288;  xxiv.  121). — 8. 
From  Steamboat,  Chester  County,  Pennsylvania  (Genth,  SilL  Am.  J.  [2]  xxiii 
428>.--4.  From  Hungaiy  :  KapiMie,  spedfic  gravity  -  2*856  (St&deler,  Ann. 
Ch.  Pharm.  dx.  805). 

„      ,  (1)  W  W  (4) 

FhioniM 1*69  2*06        trace 

Phosphoric  anhydride     .        .        .  84*29  83*40  84*68  85*49 

Alumina        .....  86*89  85-85  86*67  89*59 

Ferric  oadde  •        .        .        .        <  1*20  1*25  0*22 

Water 26*84  26.80  28*29  24*92 

Lime 0*50        

99*91         99*86         99*86       10000 

The  formula  8A1K)*.2PH)*.12HK>  requires  85*14  per  cent.  PK)*,  8818  AlK)*,  and  26*78 
water.    Stadeler  rapposes  the  mineral  to  contain  only  11  at  water. 

Berselius  and  Hermann  regard  wavellite  as  a  definite  compound  of  phoQ>hate 
and  fluoride  of  aluminium ;  but  the  quantity  of  fluorine  is  so  very  variable,  manj 
spedmens  containing  only  traces  of  it,  and  some  none  at  all,  that  its  presence  is 
probably  only  accidentaL  As  the  specimen  from  Barnstaple  analysed  by  Berselius 
contained  lime,  it  was  probably  mixed  with  fluorspar. 

Wavellite  occurs  also  at  Ainbuig  in  Bavaria,  at  Laneenstriegis  near  Frdbeig;  and 
other  localities  in  Germany ;  also  at  Clonmel  and  Cork  in  Ireland ;  in  the  Shaint  islands 
of  Scotland;  at  Washinston  Mine,  Davidson  County,  North  Carolina;  and  at  Villa 
Bica,  Minas  Geraes,  in  BradL 

d.  2A1W.PK)*,  or  2AI''T0*.A1H)«.— This  compound  appears  to  be  produced,  as 
already  stated,  by  the  prolonged  action  of  ammonia  on  the  salt  5,  and  occurs  in  com- 
bination witli  5,  6,  or  8  at  water  in  the  minerals  turquois  or  kalaite^  p^ganite,  and 
fischerite. 

Turauou  or  Kalaits,  2AP0* J>K)»*5H«0  or  A1'T0*.A1'^«0»,  aq.,  also  called  agafkOe 
Kudjoknite,  the  Birowa  of  the  Persians,  luid  (probably)  tiie  eallms  of  Pliny,  is  renirarm. 
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stalaetiticv  or  inerastiiig,  with  nodeayage;  hardness  »  6;  specific  gravity  2*6  —  2*683. 
It  has  a  somewhat  waxy  lustre,  dull  internally ;  a  peculiar  bluish-green  colour,  and 
white  streak;  is  feebly  subtranslucent  or  opaque,  and  has  a  small  conchoida 
fracture.  When  hetvted  it  decrepitates  strongly,  giving  off  water  and  turning  black. 
Before  the  blowpipe  it  does  not  swell,  but  becomes  brown  and  vitreous,  and  colours  the 
inner  flame  gteen.  With  fluxes  it  gives  the  reactions  of  iron  and  copper.  It  is 
soluble  in  acids,  and,  according  to  Hermann,  dissolves  in  water  after  fusion  with 
potash — the  several  varieties,  however,  all  leaving  more  or  less  insoluble  residue^  An 
analysis  by  Hermann  of  a  blue  oriental  tniquois  gave  28*00  per  cent  phosphoric  anhy- 
dride, 47*46  alumina,  2*02  cujHric  oxide,  1*10  ferric  oxide,  0*50  manganic  oxide,  1*85  lime, 
and  18*18  water,  whence  the  mineral  appears  to  consist  essentially  of  2Al*0'.PH)*.dH'0 
mixed  with  phosphates  of  calcium,  copper,  &c.  A  green  oriental  tuzquois  (specific 
gravity  2*621)  was  found  by  Hermann  to  contain  only  5'64  per  cent  FK)*,  and 
was  eridently  a  mechanical  mixture  containing  but  little  real  turquois.  Turquois 
occurs  in  a  mountainous  district  in  Persia^  not  £w  from  Nichabour ;  a  less  pure  variety 
is  found  at  Jordansmuhle  in  SUesia,  and  at  Oelsniti  in  Saxony.  It  receives  a  good 
polish,  and  when  finely  coloured  is  highly  valued  as  a  gem.  The  occidental  or  oon$ 
turquois  is  said  to  consist  of  fossil  bmies  or  teeth  coloured  with  oxide  of  copper. 
(Dana»  ii.  405.) 

Peffanite,  2A1«0«.PH)».6H«0  or  2(A1"P0«.A1'''HK)«),  is  a  neen  or  white  mineral 
occurring  at  Strieffis  in  Saxony,  in  small  rhombic  prisms  of  127^,  with  the  acute  lateral 
edges  truncated;  hardness  «  3 — 4  :  s^ific  gravity  «  2*49— 2*54.  Contains,  accor- 
ding to  Hermann  (J.  pr.  Ghem.  xrxiii.  287),  30*49  per  cent  phosphoric  anhydride, 
44*49  alumina,  and  22*82  water. 

Fischerite,  2A1«0«.P«0».8H«0  or  2(AlTO«.Al'*H»0»).6aq.,  occurs  atNischneTagilsk, 
in  colourless  rhombic  prisms  of  118^  32^,  or  dull  green  masses  of  specific  gravity  2*46 ; 
behaves  like  turquois  oefore  the  blowpipe,  but  is  not  readily  dissolved  by  any  acid 
except  srdphuric  acid.  Gives  by  analysis  29*08  phosphoric  anhydride,  38*47  alumina, 
and  27*50  water,  together  with  1  *20  feme  and  manganic  oxides^  0*80  cupric  ozide^  and 
3*00  cupric  phosphate  and  gangue.   (Hermann,  loi,  cit.) 

All  the  phosphates  of  aluminium  bear  considerable  resemblance  to  alumina,  both  in 
the  hydrated  and  in  the  anhydrous  state.  The  precipitated  phosphates  are  gelatinous 
masses,  which  dissolve  easily  in  acids  and  in  caustic  fixed  alkalis,  and  are  precipitated 
from  their  acid  solutions  by  ammonia,  carbonate  of  ammonium,  or  sulphide  of  am- 
monium, and  fh>m  the  alkaline  solutions  by  chloride  of  ammonium,  in  their  original 
state,  without  loss  of  phosphoric  acid.  Hence  the  distinction  between  hydrate  and 
phosphate  of  aluminium,  and  the  separation  of  phosphoric  acid  from  alumina,  present 
considerable  difficulties.  The  methods  of  detectmg  and  separating  the  phosphoric  acid 
have  been  alreadv  described,  viz. :  Precipitation  by  a  magnesium-salt  nom  a  solution 
of  the  aluminic  phosphate  in  citric  acid  containing  ammonia  and  chloride  of  ammo- 
nium ;  precipitation  by  mercurous  nitrate  from  a  solution  in  nitric  acid  neutralised  by 
potash ;  precipitation  by  molybdate  of  ammonium,  uranic  salts,  or  eerie  salts,  from 
slightly  acid  or  neutzal  solutions ;  ignition  with  silica  and  carbonate  of  sodium 
(pp.  545—549). 

r  PyropkoaphaU  of  Aluminium,  2Al«O«.8P*O».10HK)  =  Al*P«O".10H«O 
(dried  at  110^). — Produced  by  precipitating  an  aqueous  solution  of  sublimed  chloride  of 
aluminium  with  pyrophosphate  of  sodium,  4A1C1*  +.  8Na*PK)'  =  A1*P«0«>  +  12NaCL 
It  is  a  white  amorphous  precipitate  exactly  resembling  hydrate  of  aluminium,  insoluble 
in  water  and  in  acetic  acid,  soluble  in  other  acids,  even  in  sulphurous  acid,  and  separating 
again  from  the  last-mentioned  solution  on  boiling.  It  is  distinguished  from  the  ortho- 
phosphate  by  being  soluble  in  ammonia  as  well  as  in  potash ;  but  when  its  solution  in 
any  acid  is  supersaturated  with  ammonia,  the  whole  of  the  aluminium  is  precipitated 
as  a  basic  salt  no  longer  soluble  in  ammonia,  while  part  of  the  pyrophoephorio  add  re- 
mains in  solution.     (Schwarsenberg,  Ann.  Ch.  l^harm.  Ixv.  2.) 

Pliospliates  of  Ammoaiiiiii.  a.  Netaphosphates, — The monometapkosphate^ 
NH^PO",  is  formed  when  the  dimetaphosphate  is  heated  for  some  time  to  200^ — 250^. 
It  is  nearly  insoluble  in  water.    (F 1  e  i  tm a n  n.) 

The  dimetaphosphate,  (NH*)«P*0«,  is  produced  by  the  action  of  sulphide  of  ammo- 
pium  containing  a  little  free  ammonia  on  the  correspondine  copper-s^t  (p.  539),  and 
separates  from  the  filtrate  on  addition  of  alcohol,  in  monodinic  prisms.  It  dissolves 
in  15  pts.  water,  either  cold  or  hot ;  may  be  heated  to  300^  without  loss  of  ammonia ; 
and  when  kept  for  some  time  between  200^  and  250%  becomes  opaque  without 
alteration  of  weighty  and  is  converted  into  the  monometaphoephate.     (Pleitmann.) 

The  hexmetapKosphate,  (NH*)*P*0'*  (Graham's  salt),  w  obtained  by  saturating  deli- 
quescent metaphosphoric  add  with  ammonia  and  evaporating. 

0.    The  ortkopkosphates  of  ammonium,  (NH*)H*PO«,   (NH*)'HPO*,  and 
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(NH*)'PO\  hare  been  already  described  nnder  Axmohiacal  Silts  (i.  193).  The 
specific  gravity  of  the  first  ia  1*768  (Sehif^  Jahzeeb.  1869,  p.  Id),  of  the  second 
1'678  (B  ai  gn  e  t»  ibid.  1861,  p.  16).  An  orthophosphate  of  ammonium  and  aluminium 
occurs  as  a  white  earth  in  a  volcanic  grotto  in  the  Isle  of  Bourbon. 

y.  Pyrophosphates. — ^The  neutral  salt,  (NH^)^PK)',  se^mrates  on  addine  alcohol 
to  the  aqueous  add  supersaturated  with  ammonia,  in  smsU  acicnlar  laminae  acmerin^to 
the  sides  of  the  ToeseL  It  is  easily  soluble  in  water,  forming  an  alkaline  solution 
which  gives  off  ammonia  when  heated,  and  forms  add  pyrophosphate  of  ammonium, 
but  no  orthophosphate ;  the  latter  is  produced,  on  the  other  hand,  by  boiling  the  solu- 
tion with  excess  of  ammonia. 

The  acid  pyrophosphate,  (NH*)'H'PK)%  is  obtiuned  in  crystals  by  adding  alcohol  to 
a  solution  of  the  neutral  salt  mixed  with  aloohoL  Its  solution  is  not  altered  by 
boding.     (Schwarsenberg.) 

Pboaptaates  of  Bartiuu  a,  Metaphosphates. — ^Maddrell's  moftom^toj^^aspAa^ 
of  barium  is  obtained  by  evaporating  a  solution  of  baiyttc  carbonate  in  excess  of  meta- 
phosphoric  add,  and  heating  the  residue  to  816^,  as  a  white  powder  which  is  not 
alt^i^  by  the  action  of  dilute  adds,  but  is  decomposed  by  warm  concentrated  sul- 
phuric acid.  It  is  not  decomposed  by  digestion  with  an  alkaline  carbonate,  and  therefore 
the  particular  modification  of  metaphosphoric  add  which  it  contains  cannot  be  deter- 
mined with  certainty  (p.  639). 

The  dimetaphosphatef  Ba'T'0*.2H'0  (air-dried),  separates  in  crystels  on  adding 
chloride  of  banum  to  a  solution  of  the  corresponding  sodium-  or  ammonium-salt.  It  is 
very  slightly  soluble  in  water,  is  not  decomposed  by  boilinff  with  hydrochloric  or  nitric 
add,  but  readily  by  strong  sulphuric  add ;  when  digested  with  aqueous  carbonate  of 
sodium,  it  is  conrert^d  into  dimetaphosphate  of  sodium.  It  does  not  eive  off  its  watev 
at  160^,  but  at  a  red  heat  it  becomes  anhydrous  without  melting,  and  then  no  longer 
contains  dimetaphosphoric  add,  but  becomes  insoluble  in  water,  and  is  not  decom- 
posed by  carbonate  of  sodium. 

The  trimetaphosphate,  Ba'FK)".6H'0,  is  produced  on  mixing  a  solution  of  1  pt  of 
the  oorresponcUng  sodium-salt  in  10  to  16  pts.  water,  with  a  nearfy  saturated  solution  of 
2  or  3  pts.  chloride  of  barium.  On  leaving  the  liquid  (filtered,  if  necessary)  to  itself 
for  a  while,  the  salt  separates  in  beautiful  monoclimc  prisms,  which  ^ve  off  two-thirds 
of  Uieir  water  at  100^,  and  the  remainder,  with  intumescence,  at  a  higher  temperature. 
At  a  red  heat  it  becomes  insoluble  in  adds,  but  does  not  fiise.  The  unignited  salt  is 
somewhat  more  soluble  in  water  than  the  dimetaphosphate,  and  when  digested  with 
carbonate  of  sodium  yields  trimetaphosphate  of  sodium. 

The  hexmetaphosphate  is  obtained  by  predpitatbg  the  corresponding  sodium-salt 
(Graham's  vitreous  sodium-metaphosi>hate)  with  chloride  of  barium,  as  a  gelatinous 
predpitate  becoming  translucent  and  brittle  when  dry.  It  is  insoluble  in  pure  water, 
and  in  water  containing  sal-ammoniac,  easily  soluble  in  nitric  add.  When  heated,  it 
gi-ves  off  water  without  complete  Vision,  and  is  afterwards  but  sparingly  soluble  in 
nitric  add.  It  is  decomposed  by  prolonged  boiling  with  water,  being  converted  into 
an  add  metaphosphate,  whidi  gradually  ussolves. 

/9.  Orthophosphat  ss. — 1.  The  monobarvtic  salt,  "BaHSSPH)*,  prepared  by  evapont- 
ing  a  solution  of  the  di-  or  tri-barytic  salt  in  aqueous  phosphoric  add,  is  white, 
crystalline,  apparently  tridinic  according  to  Erlenmeyer,  permanent  in  the  air  and 
has  a  slightly  sour  taste.  It  dissolves  without  alteration  in  dilute  adds,  but  is  decom- 
posed by  water  into  free  phosphoric  add  and  the  neutral  salt. 

2.  The  dibar^itio  salt,  'Ak^P'O^,  is  obtained  by  double  decompodtion  as  a  scaly, 
crystalline  predpitate,  soluble  in  20,670  pts.  of  water  at  20^,  somewhat  more  soluble 
in  water  containing  chloride  of  barium,  chloride  of  sodium,  or  ammoniacal  salts; 
according  to  Ludwig,  it  dissolves  in  4362  pts.  water  containing  1*2  per  centw  chloride 
of  sodium  or  0*8  per  cent  chloride  of  banum ;  addition  of  pure  ammonia  renders  it 
less  soluble.  It  dissolves  easily  in  dilute  nitric  or  hydroduorie  add,  less  easily  in 
acetic  add,  of  which  it  requires  400  pts.  of  specific  gravity  1'032  to  dissolve  it.  From 
the  solution  in  nitric  or  hydrochloric  add,  ammonia  added  in  excess  throws  down  the 
tribarytio  salt  (Berzelius)  or  a  salt  intermediate  between  the  di-and  tri-barytie  salts. 
The  precipitates  also  contain  chloride  or  nitrate  of  barium,  and  a  small  quantity  of 
ammoniacal  salt^  while  neutral  phosphate  of  ammonium  remains  in  the  wash-water. 
(Ludwig,  Wackenroder.)  ^  

A  salt  having  the  compodtion  Ba«H*P*0".8H»0  -  Ba''HTH)».Ba«H«P»0«.3H«0, 
intermediate  between  the  mono-  and  dibarytio  orthophosphates,  is  fbrmed  by  predpi- 
tating  a  solution  of  the  dibaiytic  salt  with  alcohol. 

A  solution  of  dibarytic  phosphate  in  nitric  add  yields,  on  addition  of  ammonia,  a 
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precipitate  consuting  of  banhkie  pkos^hato-mirate,  2B!t'H«PK>«.Ba"NH)*,  which,  wiien 
Ignited,  Imtcb  a  mixtuie  of  di-  and  tn-baiytie  phosphates.    (Wacken roder.) 

3.  The  tribarytic  aalt,  BaT'O'.H'O,  is  formed  by  precipitating  chloride  of  barium 
with  triaodic  phosphate,  or  with  disodic  phosphate  mixed  with  ammonia,  and 
separates  as  a  heavy  grannlar  powder,  the  supsmatant  liquid  remaining  nentraL 
It  gives  off  water,  but  not  the  wnole,  at  200^,  and  does  not  absorb  eaibonie  add  from 
the  air. 

A  solution  of  this  salt  in  aqneoos  phosphoric  acid  evaporated  on  the  wmter-bath, 
deposits  a  aystalline  powder,  and  if  it  be  then  heated  to  boiling  and  filtered,  the 
filtrate  on  ftuther  evaporation  yields  the  monobarytic  salt  in  (apparently  tiielinie) 
crystals ;  but  if  the  origmal  solution  be  at  once  heated  to  boiling,  it  deposits  cryslalUae 
granules  of  the  dibar^  salt,  Ba'H'PH)*,  while  the  mother-liquor  retains  s  baxytic 
phosphate  containing  1  at  barium  to  6  at  phosphorus.  (Erlenmeys^  Jaiaesb.  1S67, 
p.  145.) 

A  saturated  solution  of  tribarvtic  phosphate  in  hydvoddode  acid,  if  evaporated 
and  left  to  cool,  deposits  ciystals  of  chloride  of  hiiram,  the  mother-liquor,  after 
repeated  oystallisation,  containing  a  laiger  and  larger  proportion  of  monobarytie 
phosphate ;  and  if,  after  all  the  cUozuie  has  been  seoarated  as  chloride  of  barium, 
more  hydrochloric  add  be  added,  is  ipmitity  at  least  naif  as  great  as  that  originally 
present,  the  whole  of  the  faanaa  may  be  separated  as  chloride  and  pure  phosphoric 
acid  obtsinfid.  If  tbe  solution  of  tribaiytic  phosphate  in  hydrochloric  acid  be 
avaponted  at  the  boUing  heat,  shining  needles  form  in  the  liquid,  and,  if  separated 
by  decantation,  immediately  crumble  to  a  crystalline  powder.  A  solution  from  which 
these  crystals  had  separated,  yielded,  when  mixed  with  a  quantity  of  water  sufficient  to 
redissolve  them  completely,  and,  exposed  for  several  months  to  a  summer  heat  in  a 
vessel  covered  with  filter-paper,  hard  well-defined  crystals  of  a  phasphatthekloridef 
4(Ba''H*P«C)^.Ba''a«.    fErlenmeyer,  Jahresb.  1867,  p.  147.) 

A  salt  intermediate  between  the  di-  and  tri-barytic  phosphates^  and  containing 

Ba'P*0'JBa^'!PH)*  or  Ba*H«[PK)>*  is  fimned  on  mixing  a  solution  of  the  dibaiytic  salt 
in  hydrochlorio  aoid  with  a  quantity  of  ammonia  enctly  soffieient  to  precipitate  it 
(Berselius.)  Aeoordin^  to  Ludwift  a  solution  of  dibaiTtie  phosphate  m  hydro- 
chloric aeid  yields  on  addition  of  ammonia  a  phogj^iato-cUorid*  of  hmrimm  aomtaiaing 

8A»P*0»«.Ba"a«.3HK>.       , 

y,  PyrophosphatSf  Ba'F'O'. — ^I^riophoi^horio  acid  precipitates  baiytsrwater, 
but  not  barium-salts ;  these  salts,  however,  form  with  pyrophosphate  of  ^  sodium,  a 
white,  amorphous,  pulverulent  precipitate  of  barytio  pyrophosphate  containing  1  at 
water  at  100^  according  to  Schwarzenberc^  2  at.  according  to  Gbrhardt.  It  is 
sparingly  soluble  in  water,  aqueous  pyrophosphoric  acid,  and  aqueous  sulphurous  add ; 
more  soluble  in  hydrochloric  or  nitnc  add ;  not  perceptibly  soluble  in  acetic  add,  in 
water  oontainiDg-sal-ammoniac,  or  in  excess  of  sodio  pyrophosphate^  of  which,  however, 
it  takes  up  a  certain  quantity. 

PHoapbatea  of  Blanaatli.  a.  Meiapk9$pkai$,^-TnKddB  of  bismuth  fbsed 
with  excess  of  phosphoric  anhydride,  forms  a  dear  glass,  which  on  slow  cooling  with  tn» 
quent  stirring,  jrields  a  oystalline  salt^  apparenUy  consisting  of  tetrBmetaphoepfaate 
of  bismuth.  It  is  insoluble  in  water,  and  is  decomposed  by  sulphide  of  sodium,  formmg 
a  tenacious  mass  probably  oontainii^  tetrametaphoq>hate  of  sodium. 

A  solution  of  bismuth-nitrate  mixed  with  metaphosphorie  add  and  then  with 
ammonia  forms  a  predpitate  insoluble  in  excess  of  ammonia.    (Per  so  a.) 

3.  Orthophosphate^,  Bi^PO*. — Fredpitatad  by  nitmte  of  bismuth  f^om  a  solu- 
tion of  orthophoifilumc  add  oontainins  nitric  add,  but  free  ficom  hydroehlone  or  sul* 
phuric  add  (Chancel,  Compt  rend. I  416 ;  Jahresb.  1800,  f.  622).  The  sane  salt 
ooatainin^  |  at  water  is  formed,  according  to  Kiihn,  by  digesting  aTOtallised  bismnth- 
nitrate  with  ordinary  phoq^ate  of  sodium. 

7.  Pyrophosphate,— ^^''O'.STKy^  or  ^*PH)«.  Obtained  by  predpitation  in  the 
same  manner  as  tne  orthophosphate.    (Chance L) 

VliMpluitaa  of  CmamlniB.  a  3£etaphosphai49, — ^When  oxide  of  fa^imiwiH  ig 
fused  with  phosphoric  anhfrdride,  an  insoluble  salt  separates^  which  when  decomposed 
by  sulphide  of  alkali-metal  yields  a  tetrametaphotphate  (Pleitmanaji  Nitrate  <Mf 
cadmium  mixed  with  metaphosphorie  add  and  then  with  ammonia,  forms  a  predpiliate 
which  dissolves  in  excess  of  ammonia*  bdt  separates  a^un  as  the  ftfi^«»«p»*-  evaporates, 
(Persoa.) 

0,  Orthophosphate,  Od'P'O". — Obtained  hj  predvitatii^  a  neutral  solution  of  a 
^admic  salt  with  disodic  orthophosphate,  as  a  white  insowble  powder,  which  melts  to  a 
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tnnspKTCiit  glasi.    AoeardiDg  to  Kahn,  the  pieoipitate  sometimei  eonsitts  at  %  mix- 
ture of  di-  and  tri-oadmic  saltk 

Pyropho9ph4tte,  GdV*0'.2H:*0  (at  100<>).~Th]a  aalt  ia  obtained  Ij  precipitation 
as  a  white  amorphona  heaTj  powder,  which  diaaoWea  in  solphnnnia  add  and  aepantea 
in  naereona  laminn  on  boiling  the  solntion.  It  is  insoluble  in  water  and  in  potash, 
soluble  in  adds,  in  ammonia,  and  in  ezeees  of  sodic  pyrophosphate,  whence  it  is  pred- 
pitated  by  snlphide  of  ammoninm.  When  ignited  in  hydrogen,  it  gires  off  a  little 
phosphorous  anhydride  and  phosphovetted  hydrogen,  yields  a  snuJl  sublimate  of 
cadmium,  and  leaTes  a  white  saline  mass  still  containing  phosphoric  add  and  oxide  of 
cadmium.    (Schwarsenberg.) 

Vliospliates  of  Oaletnia.  a.  Metaphosphaies, — The  monometaphonkaie, 
CaT'O',  is  obtained  by  dissolving  carbonate  of  caldum  in  orthophosphoric  ad<l,  then 
eTaporatine  and  heating  the  residue  to  316^,  as  an  insoluble  white  powder,  which  is 
not  altered  by  water  or  dilute  acids,  but  is  decomposed  by  stroop;  sulphuric  add 
(Maddrell).  It  is  not  decomposed  by  aliuline-earronates,  so  that  its  acid  cannot  be 
transferred  to  other  bases.    (Fleitmann.) 


JHmfU^hoapkaie  of  QUdmH,  Ca*P«0»  4RH),  is  obtained  puze  and  oystalline  by 
precipitabng  the  corre^onding  potasdum-  or  sodium-salt  with  excess  of  chloride  of 
caldum.  It  is  insoluble  m  water,  and  is  but  slightly  attacked  by  strong  hydrochloric  or 
vitrie  add  ;  but  strong  sulphuric  add  decomposes  it  completeiT  when  heated  with  it 
It  gifVB  «ff  all  its  water  at  a  red  heat;  the  ignited  salt  no  longer  contains 
di Aetaphusplwip  aeM,  and  is  not  decomposed  by  digestion  with  alkaline  carbonates. 
(Fleitmann.) 

JHmeiapkoiphaU  of  Calcwm  (rmI  ^mmmmbm,  Ck'ffH*jyH>",2HK),  is  ohtauMiiB 
spieular  (orstals  by  mixing  a  solution  ot  caldc  cUvficb  with  waemm  of  l^saasMaraB- 
salt  and  adding  alcohol.  It  is  insoluble  in  water,  reacts  with  adds  like  the  pure 
ciddum^salt,  and  does  not  give  off  all  its  water  till  heated  to  redness.  The  predpitate 
formed  by  chloride  of  caldum  and  dimetaphosphate  of  ammonium  always  contains 
ammonia,  even  when  the  chloride  of  caldum  is  aoded  in  excess.    {Fleitmann.) 

fi.  OrthopkoBphatesof  Calcium. — 1.  The  monocalcie  talt^  Ca'H^P'O',  is  produced 
by  disBolrin^  the  di-  or  tri-ealdc  salt  in  aqueous  phosphoric,  nitric,  or  hydrochloric  add, 
and  crystallises  on  evaporation  in  small  lamince  or  scales  containinff  1  at  water.  It 
has  a  strong  add  reaction,  becomes  moist  and  greasy  when  exposed  to  the  air,  and 
dissolves  readily  in  wuter,  foraung  a  solution  from  whidi  lucohol  predpitates  a 
mixture  of  mono-  and  di-caldo  oithophosphates,  or  a  salt  of  intermediate  compodtion 
containing  Ca*H»«P^««  -  2CSaH*F«0«.Ca*H«PK)«  (Berselius)  or  Ca»H«P«0»«  - 
CaH^P*0'.Ga*H*P^  (Raewsky).  Aooordinff  to  Erienmeyer  (Jahiesb.  1857,  p. 
145),  the  ciystals  of  monoctddc  phosphate  are  decomposed  by  cold  water  into  diodcie 
orthophosphate  which  separates^  and  a  hyperadd  salt  which  remains  in  solution. 

Monocaidc  phosphate  melts  when  heated,  giving  off  all  its  water,  and  leaving  an 
insoluble  metaphosphate.  When  ignited  with  duuwal,  it  gives  off  carbonic  anhydride 
and  phosphorus,  and  leaves  a  reddue  of  tricaldc  phosphate  (p.  500). 

Compounds  of  monocaidc  phosphate  with  chloride  of  caldum  are  obtained  by 
evaporating  a  solution  of  tricaldc  phosphate  in  hydrochloric  add  (p.  557). 

An  impure  mixture  of  monocaidc  phosphate  uid  gypsum,  sometimes  mixed  with 
oiganic  matter,  is  much  used  as  a  manure,  under  the  name  of  '^ superphosphate  of  lime" 
or  ''disintegrated  bone-«sh ;"  it  is  prepared  by  mixing  the  ground  bones  either  raw  or 
burnt  with  5  to  10  per  cent,  sulphuric  add.  (See  Richardson  and  Watts'  C^miual 
Technology,  i.  [4]  262.) 

2.  JHealcie  ortAojpkoiphate  or  n€utral  pkoaphate  qfcalciumt  Ca'H'PK)',  is  formed  by 
precipitating  chlonde  m  caldum  with  an  alkaline  orthoj^iosphate,  espedally  when  the 
solutions  are  slightiy  add.  The  predpitates  thus  formed  vary  in  their  amount  of 
water,  and  are  crystalline  or  amorphous,  and  mom  or  less  soluble  in  adds,  according  to 
the  manner  of  the  predpitation ;  tiiey  often  also  contain  admixed  tricaldc  phosphate. 

a.  TetraktfdraUdy  Ca*H*PH)*.4H^.— A  salt  having  this  conqiodtion  is  the  prindpal 
constituent  of  certain  ovoid  concretions  found  in  the  softened  ureters  and  the  doaca  of 
the  stumon  (caUed  Sduffmsteme  in  German,  fh>m  BJSluffa,  the  Russian  name  of  the 
llsh).^  It  is  formed  when  a  solution  of  an  a&aline  orthophoephate  is  poured  into  a 
solution  of  chloride  of  calcium  (Raewsky),  and  may  be  ootained  emtulised  by  pre- 
cipitating chloride  of  caldum  with  excess  of  disodio  orthophosphats^  dissolving  the  pre- 
Sitate  m  acetic  add,  and  leaving  the  solution  to  itself^  or  by  pouring  the  solution  of 
de  chloride  into  a  solution  of  scraic  phosphate  mixed  with  a  huge  quantity  of  acetic 
add;  or,  aeosiding  to  Perey,  by  eompletelypredpitating  chloride  of  caldum  with  a  very 
dilute  solution  of  sodic  phosphate,  and  passmg  carbonic  add  into  the  liquid,  whereby  a 
portion  of  the  predpitaU  u  dissolred ;  the  filtered  liquid  left  to  itself  in  a  loosdy 
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covered  reaatl  deposits  the  salt  in  rhombic  plates.  When  a  solution  of  diloride  of 
caicinm  is  precipitated  by  a  slight  excess  of  oioinary  sodic  phosphate-— the  solution  with 
the  precipitate  oivided  into  two  eqnal  parts — to  one  portion  just  enough  nitnc  or  hydro- 
chloric acid  added  to  effect  solution  without  the  aid  of  heat — the  other  portion  then 
added— and  the  whole  allowed  to  stand  quietly  for  48  hours ^the  amorphous  precipitate 
of  dicalcio  phosphate  increases  rapidly  in  density,  and  is  gradually  converted  into  fine 
white  scales,  wnich,  under  the  microscope,  present  the  appeaianoe  of  thin  tabular 
rhombic  prisms,  with  the  acute  prismatic  edoes  genexslly  truncated,  so  that  the  crystals 
have  the  appeannoe  of  irre^iuaj*  six-sided  tables.  The  salt  thus  formed  has  the 
composition  above  given :  it  is  decomposed  by  boiling  in  water,  and  becomes  bnUcy^ 
opaqne,  and  indistinctly  crystalline;  the  supernatant  liquid  stroneiy  reddens  litmus 
(Bodeker,  Ann.  Ch.  fharm.  Ixix.  206^.  The  same  hydrated  salt  is  likewise  obtained 
in  rhombic  tablets  by  allowing  a  solution  of  disodio  phosphate  to  diffuse  slowly  into 
chloride  of  calcium.    (Dreyermann.) 

Tetrahydrated  dicalcic  orthophosphate  does  not  lose  weight  in  vacuo  at  ordinary 
temperatures,  but  when  heated  to  160®  it  gives  off  all  its  water,  according  to  Bodeker ; 
according  to  Percy,  it  gives  off  2  at.  water  at  140^. 

b.  Trihydratcd,  Ca*H'PK)".3H'0.— This  hydrate  separates  in  right  rhombic  crystals 
when  limestone  is  subjected  to  the  action  of  phosphate  of  ammonium  and  carbonic 
add  (Becquerel),  and  is  obtained  as  a  crystalline  precipitate  when  a  solution  of 
Bodic  phosphate  is  dropped  into  a  large  excess  of  calcic  chloride  rBerselius);  also, 
accormng  to  Raewsky,  when  the  solution  of  calcic  chloride  is  added  to  the  sodic  pl^os- 
pbate.    It  gives  off  all  its  water  at  a  red  heat 

Dicalcic  orthophosphate  is  nearly  insoluble  in  cold  water,  and  is  resolved  by  boilinff 
with  water  into  insoluble  tricaldc  and  soluble  monocalcic  phosphate.  The  predpitated 
salt  dissolves  to  a  slight  extent  in  excess  of  chloride  of  caldum,  but  is  repredpitated  on 
addition  of  ammonia.  It  is  somewhat  more  soluble  in  water  containing  a  small 
quantity  of  chloride  of  sodium,  ammoniacal  salts,  starch,  or  gelatin,  than  in  pure  water. 
It  dissolves  readily  in  nitric  and  hydrochloric  adds ;  acetic  acid  likewise  ussolves  it, 
but  with  some  difficulty  when  it  is  dense,  or  when  it  has  been  precipitated  by  excess  of 
sodic  phosphate ;  the  solution  thus  obtained,  when  left  to  itseu,  soon  deposits  the  salt 
in  crystals ;  if^  on  the  contrarr,  the  chloride  of  caldum  was  in  excess,  the  salt  dissolves 
more  easily  in  acetic  add,  and  the  solution  remainsperfeetly  dear.  The  salt  dissolves 
also  in  other  organic  adds  and  in  carbonic  acid.  Tne  add  solutions  react  with  alkalis 
just  like  solutions  of  the  tricaldc  salt    Sulphuric  add  decomposes  it  completely. 

3.  TViealcie  orthophotphaU  or  Neutral  phosphaU  of  ealdum,  CaPH)'  or  3Ca''0.P*0*. — 
This  salt  occurs  combined  with  chloride  and  fluoride  of  caldum  in  apatite  (i.  348),  and 
pure  in  osteolite  (iv.  247).  It  forms  the  chief  constituent  of  the  inoiganic  part  of  bones» 
(L  622);  at  all  events,  the  predpitate  formed  by  dissolving  bone-ash  in  nitric  add  and 
predpitating  with  excess  of  ammonia  has  this  compodtion ;  the  bones  of  many  animala 
during  life,  perhaps,  contain  somewhat  less  Ume.  Bone-ash  contains  about  four-fifths  of 
its  weight  of  tricaldc  phosphate,  the  remainder  consisting  of  phosphate  of  magnedum 
and  carbonate  of  caldum ;  tricaldc  phosphate  likewise  occurs  in  considerable  quantity 
in  the  excrements  of  carnivorous  animals  and  in  coprolites.  Berzelius  formerly  supposed 
that  the  phosphate  of  caldum  contained  in  bone-earth  was  not  pure  tricaldc  phosphate^ 
but  that  the  ignited  compound  consisted  of  8CaO.P*0»  or  2Ca«P*0«.Ca*T«0^ 

Tricalcic  phosphate  is  obtained  in  the  amorphous  state  by  predpitating  chloride  of 
caldum  with  trisodic  phosphate ;  by  slowly  addine  a  solution  or  disodic  orthophosphate 
mixed  with  ammonia  to  a  solution  of  chloride  of  cflJdum,  the  latter  being  kept  m  excess ; 
by  mixing  chloride  of  caldum  with  less  than  the  equivalent  quantity  of  disodio  ortho- 
phosphate, and  predpitating  with  ammonia;  or  by  treating  dicaldc  orthophosphate 
with  caustic  potash  or  soda,  which  abstracts  one-third  of  the  add : 

3da»H«Jt«0«   +   2B:H0     «     2da«P«0«   +   2KH«P0*  +  2H«0. 

The  salt  obtained  by  either  of  these  processes  is  a  translucent  gelatinous  predpitate 
which  dries  up  to  a  white  earthy  powder. 

The  salt  is  obtained  in  the  crystalline  state  by  heating  dicaldc  pyrophosphate  with 
water,  whereby  it  is  resolved  into  phosphoric  aad  and  tricaldc  phosphate,  which  then 
separates  in  rectangular  plates : 

8da«I*0»  +   8H«0     -     2Ca»P»0*  +  2H'P0<. 

« 

Dicaldc  orthophosphate,  heated  with  water  to  280*^,  undergoes  a  similar  but  slower 
and  less  complete  transformation,  and  the  resulting  tricaldc  salt  forms  indistinct  prisms. 
(Beynoso.) 
The  predpitated  salt  contains  in  the  air-dried  state  8  to  6  at  water,  2  at  of  which 


PHOSPHATES  OF  CALCIUM.  657 

grailnally  escape  »t  commoD  temporatores ;  the  salt  dried  at  100^  stQl  retains  1  at. 
water  (Ladwig);  according  to  Berselius,  the  compound  cowtainii  2  at  water ;  after 
drying  at  200®  it  is  anhydrooB.  It  is  not  deoompoeed  by  simple  ignition,  hut  when 
heated  to  redness  with  silica  and  charcoal,  it  gives  off  carbonic  oxide  and  phosphorus 
(p.  600),  and  is  converted  into  silicate  of  calcium. 

Triodcic  phosphate  is  insoluble  in  pure  water,  alcohol,  and  ether,  slightly  soluble 
in  water  containing  chloride  of  sodium,  ammoniacal  salts,  gelatin,  starch,  and  other 
organic  matters ;  more  soluble  in  water  containing  carbonic  acid.  A  litre  of  water 
saturated  with  carbonic  acid  dissolves  0*663  grm.  bone-earth,  the  greater  part  of 
which  (0-600  grm.)  separates  on  boiling.    (Lie big.) 

Tricalcic  phosphate  dissolves  easily  in  nitric  and  hydrochloric  acids,  somewhat 
less  easily  in  acetic  acid  and  other  organic  acids.  It  is  completely  decomposed  by 
excess  of  sulphuric  acid,  if  not  too  dilute.  A  solution  of  potassic  or  sodic  carbonate 
does  not  decompose  it  in  the  cold,  but  partial  decomposition  takes  place  on  boiling  or 
fnsinff  the  salt  with  an  alkaline  carbonate.  Tricalcic  phosphate  aissolved  in  hydro- 
chloric acid  is  decomposed  by  ferric,  uranic,  eerie  salts,  &c.,  in  the  manner  already  ^ 
described  (pp.  644,  646).  From  a  solution  of  the  salt  in  nitric  acid  mixed  with  acetate 
of  potassium  or  sodium,  acetate  of  lead  throws  down  all  the  phosphoric  acid  as  phosphate 
of  lead.  From  a  similar  solution  the  calcium  is  completely  precipitated  as  oxalate  by 
addition  of  oxalate  of  ammonium,  the  whole  of  the  phosphoric  add  remaining  in 
solution.  ^  ,, 

The  salt  8Ca''0.3P«0».HK)  -  2Ca»PH)«.Ca«H*P«0»,  formerly  supposed  by  BeraeUwi 
to  exist  in  bone-earth,  is  generally  obtained  as  a  gelatinous  precipitate  when  an  acid 
solution  of  tricalcic  phosphate  is  treated  with  ammonia  not  in  excess. 

Phoiphai<hckloride»  of  Calcium. — Some  varieties  of  apatite  consist  of  3Ca*P'0*.Ca'Cl'; 
in  others  the  chlorine  is  wholly  or  partly  replaced  by  fluorine.  A  compound  of  tricalcic 
phosphate  with  chloride  of  calcium  is  produced  artificially  by  mixing  the  recently  pre- 
cipitated dicaldc  orthophosphate  with  chloride  of  calcium,  and  gradually  heating 
the  mixture  to  redness.  Hydrochloric  acid  then  escapes,  and  the  residue  still  contains 
chloride  of  calcium,  only  a  small  portion  of  which  can  be  dissolved  out  by  water. 
The  exact  composition  of  the  residue  has  not  been  ascertained. 

Compounds  of  monocalcic  orthophosphate  with  calcic  chloride  are  obtained  by  eva- 
porating a  solution  of  the  tricalcic  salt  in  hydrochloric  acid.  A  solution  saturated  and 
left  to  evaporate  at  common  temperatures  deposits  crusts  made  up  of  rhomboidal 
plates  of  Ae  salt  7Ca*H*PH)».CaTJlM4H«0.  „  The  same  solution  evaporated  over  the 
water-bath  first  deposits  the  dicalcic  salt  Ga*H*FH)*,  and  the  filtrate,  when  further 
evaporated,  yields  first  a  small  Quantity  of  the  phosphato-chloride  just  mentioned,  then, 
while  the  Uqoid  is  still  warm,  white  scales  having  the  composition  Ga"H*P^O'.Ga''Cl*.H*0. 
The  same  salt  is  obtained  by  adding  chloride  of  calcium  to  a  solution  of  lime  in 
phosphoric  acid  containing  2  at^  CaO  to  8  at.  P'O*,  and  evaporating.  At  temperatures 
below  6^,  this  salt  separates  partly  as  above,  partly  in  long  needles  containing  8  at. 
water  of  crystallisation ;  these,  when  kept  in  a  dosed  vessel  are  resolved  at  ordinary 
temperatures  intb  water  and  the  precedins  hydrate.  A  cold  saturated  solation  of 
dicaldc  phosphate  in  hydrochloric  add  yields,  according  to  the  extent  to  which  the 
evaporation  is  carried,  various  mixtures  of  salts,  among  which  monocalcic  orthophos- 
phate appoara  to  occor,  but  never  pure.  When  a  solution  of  dicalcic  orthophosphate 
in  hydrochloric  add  is  saturated  at  ordinary  temperatures  with  tricaldc  phosphate, 
'  then  mixed  with  half  the  quantity  of  hydrochloric  acid  already  contained  in  it,  and 
evaporated  at  a  veiy  gentle  heat,  so  fiur  that  it  begins  to  crystallise  on  cooling  below  6^, 
the  crystals  thus  obtained  are  very  much  like  the  first-mentioned  phosphato-chloride ; 
but  have  the  compontion  4Ca'^*I»0*.Ca''Cl*.8HK)  and  the  liquid  separated  therefrom 
yields,  on  farther  evaporation,  the  salt  Ca''H*P*0*.Ca''Cl',  with  1  or  8  at.  water,  accord- 
ing to  the  temperature  at  which  the  crystallisation  takes  place.  (Erlenmeyer, 
Jahresb.  1867,  p.  146.) 

Triealeie  pJu)9phaU  wUh  Muminie  Hydrate,  Ca"P»0».2Al'"H»0«.— A  mineral  having 
this  composition  has  lately  been  found  occurring  as  a  lights  soft^  white  powder  in 
cavities  and  fissures  of  a  mass  of  quartz-crystals,  mixed  with  iron  and  copper  pyrites 
and  partly  coated  with  childrenite,  from  Tavistock  in  Devonshire.  Under  the  micro- 
scope it  is  seen  to  consist  of  minute  adcular  cystals,  transparent  to  translucent  and 
fragile.  When  heated  alone  it  glows  and  becomes  opaque,  and  after  ignition  gives  a 
distinct  blue  colour  with  nitrate  of  cobalt.  It  gives  no  colour  to  a  borax  bead  (unless 
childrenite  is  present).    It  gave  by  analysis  30*36  per  cent  F^0^  86-27  Ca"0,  22*40 

AlH)",  and  1200  water ;  the  above  formula^  or  3Ca''0.I«0».AT*0»  +  3H«0,  requiring 
30*41  P»0»,  36*97  Ca"©,  2206  AlW.  and  11-66  water.  (Church,  Chem.  Soc  J. 
xviiL  263.) 
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A  minerml,  rappoeed  to  be  a  hydrated  esldo-alnmiiuo  phosphate,  waa  found  hf 
Damonr  (Inatit.  1853,  p.  77 ;  Jahiesb.  1858,  p.  930)  in  the  dknoiid  sand  of  Bahia. 
It  oocuned  in  loonded  pebbles  eontaining  12*7  per  eent  water. 

St 

y.  Pyrophosphate  of  Calcium,  Ga?H)^ — ^Aqueous  pyiophosphorie  aeid  pre- 
cipitates lime-water,  but  not  calcium-salts.  Chloride  of  calcium  yields  with  pTTopnos- 
phate  of  sodium  a  white  amorphous  precipitate  of  calde  pyrophosphate ;  and  if  this 
precipitate  is  dissolved  in  a  saturated  aqueous  solution  of  sulphurous  add,  and  the 
solution  heated,  the  salt  separates,  as  the  suk>hurous  add  escapes,  in  the  form  of  a 
crystalline  crust,  which  floats  on  the  sui&oe  of  the  liquid  at  first,  but  ultimately  sinks 
at  the  bottom.  It  is  soluble  to  a  small  extent  in  water,  insoluble  in  acetic  add  and 
solution  of  sodie  pyrophosphate  (Schwarzenberg).  Like  dicaldc  orthophosphate, 
it  is  more  or  less  soluble  in  acetic  acid,  according  as  it  has  been  pzedpitated  from  a 
solution  containing  excess  of  chloride  of  caldum  or  of  the  alkaline  pyrophosphate 
(B  a  e  r ).  It  is  easuy  soluble  in  nitric  and  hydrochloric  add,  nearly  insoluole  m  aqueous 
pyrophosphate  of  sodiunu  The  crystalline  salt  contains  4  at^  water,  1^  at.  of  which 
are  retained  at  100^ and  1  at  at  110^.    (Schwarzenberg.) 


vtMmMmm  vr  Ocrtanu  The  only  known  phosphate  of  cerium  is  the  trieerous 
orthophosphate^  Ce^PK)*,  which  occurs  as  a  natural  mineral  both  in  the  anhydrous 
and  Uie  hydrated  state,  and  is  formed  aitifidally  by  precipitating  a  oerous  salt 
with  phosphoric  add  or  a  soluble  pho^hate.  The  predpitate  is  white,  pulrem- 
lent  when  dry,  insoluble  in  water  and  in  aqueous  phosphoric  add,  riightly  suuble  in 
hydrochloric  and  nitric  adds.  When  stronf^y  ignited  in  a  charcoal-lined  crudble^  it  is 
neither  fused  or  xeduoed,  but  merely  cakes  toigeuier. 

Anhydrous  trieerous  phosphate  occurs  in  OrvptoiiUBiidPho$phooeriie,aaBO' 
dated  in  the  latter,  and  probably  also  in  the  former,  with  the  eorrespcmdmg  pho^hates 
of  lanthanum  and  didymium;  also,  together  with  phosphate  of  liuithanum  (and  pro- 
bably also  of  didymium),  phosphate  oi  thorinum,  and  a  small  quantity  of  phosphate  of 
caldum,  in  Afotuuite. 

OryptoUte  was  discoyeied  by  Wohler  in  the  rose-coloured  apatite  of  Arendal  in 
Norway,  from  which  it  is  separated  by  dissolving  the  apatite  in  nitric  add.  The  cryptolite 
is  then  left  undissolyed,  together  with  microscopic  crystals  of  magnetic  iron-ore,  horn- 
blende^ and  an  unknown  substance  of  a  hyadnth-red  oolour,likewi8e  containing  cerium. 
The  crystals  of  crrptolite  are  hexagonal  prisms  about  a  line  in  lengUi,  and  <?  a  wine- 
yellow  colour.  By  exposure  to  a  moderate  heat,  they  undeivo  no  chanffe  either  in 
appearance  or  in  weight  Spedilo  gravity  ■■  4*6.  decomposed  by 'tzong  sulphuric  add, 
tne  whole  being  reduced  to  a  dzr  earthy  pass. 

Phoaphoeerite  was  discovered  by  Mr.  Ollive  Sims  in  the  cobalt-ore  of  Johannisberg  in 
Sweden,  of  which  it  forms  about  the  one-thousandth  part  It  remains  when  the  ore 
after  caldnation  is  treated  with  hydrochloric  add  for  the  purpose  of  extracting  the  co- 
balt, tt  a  sreyish-yellow  aystalUne  powder,  associated  with  a  small  quantity  <3  minute 
dark  purple  crystals,  which  are  strongly  attracted  by  the  magnet,  and  appear  to  consist 
of  magnede  iron-ore  and  oxide  of  cobalt.  The  crystals  of  phosphooente^  when  exa* 
mined  b^  the  microscope,  present  two  forms— one  an  octahedron  (not  regular),  the  other 
a  ibur-sided  prism  with  quadrilateral  summits ;  both  forms  appear  to  belong  to  the 
trimetric  s^rstem.  Hardness,  between  6*0  and  5*5  (Chapman,  Chem.  Soc.  Qn.  J.  ii. 
154).  Specific  gravity  b4'78 (Watts).  When  exposed  to  the  blowpipe  fiame  it  vitrefies 
^tially  on  the  edges  and  surface,  tinging  the  flame  at  the  same  time  slightly  green. 
With  the  usual  blowpipe  reagents,  it  presents  the  reactions  of  cerium,  imparting  how- 
ever to  the  borax  ana  phosphate  of  soda  glasses,  when  cold,  a  pale  violet-blue  tint, 
either  owing  to  the  presence  of  didymium  or  to  the  admixture  of  a  small  portion  of  the 
cobalt-ore.  With  borax  and  soft  iron  wire  it  produces  a  brittle  phosphide  of  iron 
(Chapman).  Oil  of  vitriol  aided  by  gentle  heat  decomposes  it,  forming  a  pasty  mass, 
which  is  soluble  in  cold  water,  with  the  exception  of  a  small  quantity  of  silica. 

Analyses:  a.  CryptoliU  (Wohler,  Ann.  Ch.  Pharm.  Ivil  268).—^.  Phosphoeerite 
(Watts,  Chem.  Soc.  Qu.  J.  ii.  181). 

a.  b. 

Phosphoric  anhydride 
Protoxide  of  cerium,  &c. 
Protoxide  of  iron        .... 
Protoxide  of  cobalt    .... 

99*14  9914 

Both  these  analyses  agree  approximately  with  the  formula  Oe'P'O'  or  SCeOJ^O*, 
which  requires  36-47  per  cent.  P*0*  and  69*53  CeO.    A  closer  agreement  is  scarcely 
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to  be  expected,  inasmtich  as  the  oxides  of  lanthannm  and  didymium,  which  sxist  in 
burge  quantity  in  phosphooerite,  and  are  probably  also  prceent  in  cryTjUAitt,  were 
not  separated  from  the  eeroos  oxide.  Phosphocerite  is  especially  remarxable  for  the 
large  amonnt  of  didyminm  contained  in  il  If  tbis  is  also  the  case  with  cryptolite, 
there  can  be  bnt  litde  donbt  of  the  identity  of  the  two  mineralsi  lor  the  differences 
obserTcd  in  the  crystalline  forms  cannot  be  regarded  as  important,  or  as  quite  distinctly 
made  out,  inasmuch  as  the  crystals  are  merelj  microscopie. 

Hydrated  tricerous  phosphate  has  Lately  been  fomid  by  Church  ^Ghem.  Soc 
J.  xyiiL  259)  in  a  crystallised  mineral  from  Cornwall,  ooenning  as  a  thm  crust  of 
very  minnte  oystals,  dosefy  inTesting  a  quartsose  matrix.  The  oystals  are  ge- 
nerally airanoed  in  fan-like  groups  of  single  rows  of  prisms,  having  their  fiices 
of  umon  panulel  to  the  larger  lateral  prismatic  planes.  Sometimes  the  structure  is 
almost  colnmnar,  or  in  radiating  groups^  presenting  a  drusy  snrfrce,  and  in  general  ap- 
pearance somewhat  like  that  of  waTellite.  The  crystals  appear  to  be  monoclinic,  and 
are prismatically developed.  The  end-face  oPis  usi^y  an  unmodified  rhomboid;  some- 
times, however,  its  acute  an^es  are  truncated.  Cleavage  parallel  to  oP,  very  perfect ; 
the  crystals  are  deavable  also^  parallel  to  a  plane  replaong  the  acute  solid  angles  or 
acute  prismatic  edges ;  also  puallel  to  the  larger  lateral  prismatic  planes*  The  crystals 
are  fragile,  transparent  to  translucent^  with  vitreous  lustre,  bright^  i>early  on  the  end- 
faces  ;  colour  pale  smoke-grey  indimng  to  flesh-red ;  streak  and  powder  white.  The 
crystals  are  doubly  refractive.  Harcuess  rather  above  3 ;  specific  gravity  approxi- 
mately mt  8'li.  The  mineral  heated  alone  in  a  tube  becomes  opaque,  and  gives  off 
water,  having  a  very  frint  acid  reaction.  In  the  outer  blowpipe-flioae  it  becomes  red- 
dish, and  then  exhibits  the  difBniH  solubility  of  cryptolite.  It  melts  and  dissolves 
completely  in  borax,  forming  in  the  oxidisinff  flame  a  bead,  which  is  opaline  and  orange- 
yellow  wlule  hot,  colourless  or  slightly  ameuiystine  when  cold. 

The  minMBl  gives  by  analvBes  ^ean)  14*98  per  cent  phosphoric  anhydride,  51 '87 
oerous  oxide,  5*42  lime^  and  14*93  water,  agreeing  neany  with  the  formula  dCe^O. 
Ca'0.2PH)»  +  8H«0  or  (|Ce''.lCa'7PK)«.4H«0,  which  requires  27*78  per  cent.  PW, 
52*73  Ce^O,  5*47  Ca'O,  and  14*07  water.    (Church,  Chem.  Soc.  J.  xviii  259.) 

Fbospliatea  of  Qhromlwiw. — a.  Chromio  metaphoaphaie,  Gr'O'.dP'O'  or 
CrHP'O',  is  obtained  as  a  green  anhydrous  salt,  perfectly  insoluble  in  water  and  in 
addsi  by  evaporating  a  solution  of  chromic  oxide  in  excess  of  aqueous  orthophosphoric 
add,  and  herangthe  residue  to  816^.    (Maddrell.) 

^.  Chromout  orthophospkate  is  a  blue  precipitate,  formed  on  adding  ordinary 
phosphate  of  sodium  to  the  solution  of  chromous  chloride.  It  is  easily  soluble  in  acida^ 
and  turns  green  on  exposure  to  the  air.    (Moberg.) 

y,  Chromie  orthophospkate,  CrTO^ — ^A  solution  of  chromic  chloride  made  as 
neutral  as  possible  forms  with  phosphate  of «0odium  a  green  precipitate,  which  turns 
blue-black  in  dryiog.  (Yauquelin;  see  also  Bowling  and  Plunkett,  Chem. 
Gas.  1858,  220.) 

When  disodic  orthophosphate  is  added  by  drops  to  a  solution  of  chrome-alum,  but 
not  in  sofBcient  ouAntity  to  throw  down  all  the  chromium,  a  bulky  precipitate  is  formed 
consisting  of  Cr  P0^.6H*0,  which,  on  standing,  becomes  dark  violet  and  crystalline. 
The  filtrate  from  this  precipitaie,  if  treated  with  a  quantity  of  sodic  phosphate  sufiicient 
to  prpdpttate  nearly  all  the  chromium,  yields  a  pentahydrated  salt,  Cr^'T0^5H*0,  less 
crystalline  and  somewhat  lighter  in  colour  than  the  preceding.  If  the  solution  of 
chrome-cdum  be  added  by  drops  to  the  solution  of  sodic  phosphate,  a  flocculent  green 
precipitate  is  formed,  consisting  of  a  trihydnte,  Cr^0\3H^0.    (R  a  m  m  e  1  s  b e r g. ) 

a.  Chromio  pyrophosphate,  2Cr*0».8PH>»  «  dr*I*0»'.— Formed  by  precipi- 
tating a  solution  of  crystalbsed  chrome-alum  with  sodic  pyrophosphate.  At  ordinary 
temperatures,  a  dirty  red  precipitate  appean,  but  with  alioiling  solution  a  pale  greeu 
precipitate  is  obtained.  This  salt  is  soluble  in  solution  of  aMe  pyro^ho^hate ;  in 
strong  mineral  adds ;  in  water  addul&ted  with  sulphuric  add,  from  which  it  is  again 
predpitated  in  an  amorphous  state  on  boiling ;  and  in  solution  of  potash.  At  100^  it 
assumes  a  deeper  green  colour,  but  after  ignition  appean  paler.  The  hydrate  contains 
7  atoms  of  water.    (8c h  w ars  e n  b  e  r g.) 

MMsplMitas  mt  CloMdt.  a,  Metaphoaphates, — ^The  mowmetaphoephate, 
CoT'O',  separates  as  a  rose  rod  powder  when  sulphate  of  cobalt  is  heated  with  excess 
of  orthophosphoric  add  to  316^.    It  is  insoluble  in  water  and  in  dilute  adds,  decom 

SDsed  by  warm  sulphuric  add,  scarcely  acted  upon  by  sulphide  of  ammonium.  (Mad- 
rell.) 

The  hexmetaphoaphate  is  obtained  by  predpitating  chloride  of  cobalt  ^not  the  sul- 
phate) with  the  corresponding  sodium-salt.  The  preoinitate  is  red,  and  is  converted 
by  agitation  into  oily  drops  soluble  in  excess  of  the  sooium-salt.  (H.  Hose.) 
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fi.  Orihophosphate.  CJo*F*0".8H*0.— Obtained  by  tireating  a  oobalUsalt  with 
disodio  orthophosphate,  as  a  reddish-blue  floccalent  precipitate^  which  dissolves  in 
excess  of  the  cobalt-salt»  forming  a  red  solution,  which  yields  on  boiling  a  red  precipi- 
tate, redissolTine  as  the  liquid  cools.  By  decomposing  pyrophosphate  of  oobalt  with 
water  at  180°,  the  same  salt  is  obtained  in  small  lose-coloiired  crystals,  which,  when 
heated,  give  off  water  and  tnm  reddish-bine.  By  heating  carbonate  of  cobalt  with 
excess  of  phosphoric  acid  to  150°— 160°  in  a  sealed  tube,  a  hydrated  salt»  Co'PK)*.2H*0, 
is  obtained  in  czystals.    (Deb ray,  Ann.  Oh.  Pharm.  cxv.  60.) 

Orthophoephate  of  cobsJt  is  insoluble  in  water,  and  but  yery  slightly  soluble  even  in 
presence  of  ammoniacal  salts,  but  dissolves  in  acids  and  in  trie  ammonia.  By  igniting 
in  hydrogen  gas  it  is  reduced  to  trioobaltic  phosphide,  Co"?*.  The  precipitated  salt  is 
used  as  a  pigment.    (Salv^tat,  Compt.  rend,  xlviii.  295. ) 

A  mixture  of  cobalt-phosphate  and  alumina  yields  when  ignited  a  fine  blue  colour, 
known  as  Leyden  (more  properly  Leitkner's)  or  T%inarcrs  bltie,  or  cobaU-ultramarine, 
It  is  prepareid  by  mixing  16  pts.  of  recently  precipitated  gelatinous  alumina  with  2 
pts.  phosphate  (or  1  pt  arsenate)  of  cobalt,  drying  the  mixture  thoroughly,  and  then 
gradually  heating  it  to  redness.    (Handw.  d.  Cfhem.  vi.  862.) 

7.  Pyrophosphate  of  Cobalt  obtained  by  precipitation  is  soluble  in  excess  of 
the  alkaline  pyrophosphate  and  in  ammonia.    (S c hwarzenberg.) 

VlMMipliates  of  Copper,  a.  Me  taphoephat &• — ^This  salt  is  obtained  by  mixiog 
eupric  sulphate,  nitrate  or  oxide  with  a  slight  excess  of  aqueous  phosphoric  acid 
(best  in  the  proportion  of  4  at.  cupric  oxide  to  6  at.  phMphoric  anhydnde),  evaporating 
and  heating  the  mass  with  constant  stirring  to  350°,  till  it  no  longer  spirts,  and  phos- 
phoric acid  begins  to  escape  in  white  vapours.  The  mass  when  cold  is  to  be  washed 
with  cold  water  till  the  wash-water  no  longer  exhibits  any  acid  reaction ;  the  euprie 
metaphosphate  then  remains  in  a  pulverulent,  indistinctly  crystalline,  anhydrous  salt. 
If  a  larger  excess  of  phosphoric  acid  is  used,  and  the  mixture  very  strongly  heated 
over  a  lunp,  and  then  left  to  cool  very  slowly,  the  cupric  metaphosphate  separates 
in  shining  crystals^  which  aze  larger  and  more  distinct  in  proportion  as  the  mass  has 
been  more  slowly  cooled. 

Anhydrous  cupric  metaphosphate  is  bluish-white ;  quite  insoluble  in  water,  nearly 
insoluble  in  most  adds  and  alkalis,  even  when  concentrated,  but  dissolves  easily  in 
ammonia.  It  is  easily  decomposed  by  sulphide  of  ammonium  or  potassium,  less  easily 
by  sulphide  of  sodium,  yielding  in  each  case  an  alkaline  dimetaphosphate :  hence  the 
salt  is  inferred  to  be  cupric  dimetaphosphate,  CuT^O''  or  2Cn0.2P*0\  It  is  decom- 
posed by  warm  strong  sulphuric  acid  with  formation  of  orthophosphoric  add. 

The  same  salt  is  obtained  in  small  well-defined  hydrated  crystals,  Cu*P0".8H'0,  by 
mixing  moderately  concentrated  solutions  of  cupric  chloride  and  sodic  dimetaphosphate ; 
ftom.  dilute  solutions  it  easily  separatefT  on  addition  of  alcohol  It  is  light  blue, 
insoluble  in  water;  does  not  part  with  its  water  of  crystallisation  at  100°. 
(Fleitmann.) 

Ammonio-cupric  metaphoe^hate^  Cu"(NH*)*P*0*'.4H*0,  is  obtained  in  eonfhsed 
needle-shaped  crystals  on  mixing  moderately  concentrated  solutions  of  ammonium- 
dimetaphosphate  and  cupric  chloride,  the  former  in  excess,  and  adding  alcohoL  It  is 
bright  blue,  sparingly  soluble  in  water,  gives  off  a  small  portion  of  its  water  at  ordinary 
temperatures,  but  stUl  retains  2  at.  water  at  100°.  Sometimes  the  crystals  formed  by 
precipitation  as  above  contain  only  2  at.  water,  and  these  are  permanent  in  the  air ; 
but  me  circumstances  which  determine  the  formation  of  one  hydrate  or  the  other  are 
not  exactly  understood.     (Fleitmann.) 

3.  Orthophoephates. — An  acid  orthophoephate  is  obtained  as  a  ^preen  gummy 
mass  by  evaporating  a  solution  of  the  tricupric  salt  in  aqueous  phosphoric  acid. 

Dictipric  orthophoephate^  Cu'H'P'O*  is  obtained  as  a  blue-green  flocculent  precipitate 
by  completely  precipitating  cupric  sulphate  with  disodic  orthophosphate.  It  is  inso- 
luble in  water,  sparingly  soluble  even  in  presence  of  ammoniacal  salts,  but  dissolves 
easily  in  acids,  even  in  acetic  acid.  By  ignition  with  charcoal  it  is  reduced  to  dicuprio 
phosphide,  Cu*P". 

The  tricupric^  salt,  CJu'P'O*,  is  p]t>duced  by  precipitating  cupric  sulphate  with  such 
a  quantity  of  disodic  orthophosphate  as  to  leave  the  former  m  excess,  or  by  heating 
cupric  pyrophosphate  with  water  to.  280°.  The  first  method  yields  it  as  a  blue-green 
amorphous  precipitate.  The  second,  in  dark  yellowish-green  crystals,  but  containing 
3  at.  water.  It  behaves  with  water  and  other  reagents  like  the  dicupric  salt»  and  is 
reduced  by  ignition  with  charcoal  to  tricupric  phosphide,  Cu*P*. 

Several  hydrated  basic  cupric  orthophosphates,  or  compounds  of  cupric  orthophos- 
phate with  cupric  hydrate,  occur  as  natural  minerals;  their  formula  are  as  follows : 
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Libethenite        .        .        .        .  4Cu''0.PW.H*0  =  Ctt«P»0«.Cu''HK)« 

Pseudolibetheiiite       .        .        .  4Cii"0,I«0*.2H?0  -  Cu»I«0«.Cu"HK)»jq. 

TagUite 4Cu''OPH>».3H«0  «  Cu*P^».CuTa?0«.2aq, 

Dihydrite 60u"OJ»H)*.2H«0  =  du»P*0«.2Cu1£K)« 

EhHte        .....  6Cu"0.P«0».35H)  -  cSi*P*Q".2Cu''HH)».aq.  (?) 

Phoaphochalcite         .        .        .  eOu'OPW.SHH)  =  Ciu«P0«.3Cu"H«0« 

Libethenite  ocean  at  libeUien  in  Hiingaiy  and  at  Nischne  Ta^lsk  in  the  Ural, 
in  trimetiie  crystala.  Batio  of  axes,  ai  b:  o  m»  0*9 1^8  : 1 :  0*6749.  Angle  ooP  :  ooP 
^  84°.  68';  j^oo  2  t<x>  (baaal)  »  68°  2^.    Ordinaiy  combination  ooP .  Poo  .  P,  the  two 

former  facesgreatly  predominating.  It  is  isomorphons  witholivenite,  Ca'(AB; P)H)*. 
Cu"HH)'.  Cneavage  parallel  to  ooFoo  and  oof^ao  yerj  indistinct.  It  likewise  occurs 
in  globular  aiid  renilbrm  compact  masses.  Hardness  «»  4.  Specidc  gravity  «■  3*6 — 
8*8.  It  is  subtransparent  or  subtranalucent,  with  oliye-green  colour  and  streak,  and 
resinous  lustre.  Fracture  subconchoidal  to  uneven.  Srittle.  When  heat«d  it  gives 
off  water  and  blackens.  It  ooIquxs  the  blowpipe  flame  faintly  blue  and  after  &ing 
moistened  with  hydrochloric  acid,  distinctly  blue,  and  melts  to  a  blackish  mass  which 
solidifies  in  the  crystalline  state.  It  is  partiaUy  reduced  on  charcoal,  completely  on 
addition  of  sodic  carbonate.  The  other  cupric  hydrophosphates  exhibit  similar 
characters  when  heated.  They  all  dissolye  in  adds  wiUi  blue  or  green  colour,  in 
ammonia  with  pure  blue  colour. 

Analyses  of  Libethenite, — a.  From  Libethen ;  aystaUised  (Kuhn,  ^^n.  Ch«  Pharm. 
li.  124).—^.  The  same  (Bergemann,  Pogg.  Aon.  civ.  19Q). — e.  From  Nischne 
Tagilak;  crystallised  (Hermann,  J.  pr.  Chem,  zxxv^.  17«^}: 

P«0»  AsH)«  Cn^O  H«0 

0.     29*44  .     •  66*94  4*05  •  100*43 

b.    26*46  2*80  66*29  4*04  «  99*09 

e.    28*61  •    •  66-89  6*50  -.  100 

The  formula  4C3u''O.I*0».H«0  re<juiree  2972  per  cent,  P«0»,  66*61  Cu-Q,  and  3*77  H«0. 

Pseudolibethenitefrom  Libethen  (so-<»l]ed  libethenite)  analysed  by  Berthier. 
(AnnMin.  viii.  334),  contains  28*7  per  cent  PK)*,  63*9  Cn'O  and  7*4  water;  that  from 
Lina  on  the  Rhine  (so-called  ehhte)  blackish  green,  and  of  specific  gravity  4*27, 
analysed  by  Bhodius  (Ann.  Gh.  Pharm.  Ixii  371),  contains  28*9  P*0*,  631  Cu'O  and 
7*3  water.  The  formuLi  4Cu*0,PK)*.2H«0  requires  28*64  PH)»,  6410  Cu'O  and  7*26 
water. 

Tagilite,  a  mineral  fixnnNischne  Tagilsk,  occniring  in  emerald-igreen  masses  of 
specific  gravity  3  6,  contains  26*91  per  cent  P'O*,  62*38  Ou"0  and  10*71  water 
(Hermann,  loe.  cit.);  the  formula 4Cu-OJ>K)».8H*0  requires  27*64 PK)*,  61*86  Ou"© 
and  10*61  water. 

Dihydrite,  occozring at  Vimebeig  pear  Bhelnbreitenbach,  and  at Nischne Tagilsk, 
in  small  dark  green  crystals,  resembling  phosphochaldte  in  physical  charactors, 
contains : 

PH>»    Cu^O    HK) 
Vimeberg    .        .  24*70    68*20    6*97       »      98*87  A'^vedson;  Beiz.Jahresb. 

iv.  143. 
Nischne  Tagilsk    .  26*80    68*21     6*49       «•     100      Hermann,  ^.  ci^ 

The  formula  6Cu''O.PK>».2H«0  requires  24*69  P«0»,  6906  Cu"©,  and  6*26  water. 

£  h  1  i  t  e  (which  contains  vanadium)  has  been  already  described  (ii.  367).  Cupric  hy- 
<lropho8phates  are  also  foupd  at  Vimeberg  and  Nischne  Tagilsk  containing  quantities  of 
water  intermediate  between  those  belonging  to  dihydrite  and  e^te.  (Rammels- 
b erg's  Mineralchemie,  p,  346.) 

Phosphochalcite  forms  hemihedral  trimetric  crystals,  resembling  monoclinic 
forms.  Katio  of  axes,  a:  b:c  ^  0*667  :  1 :  ^2  .  An^e  oop  :  ooP  «  109°  28';  oP  : 
Poo  »  146°  18|'.  Observed  combination  ooP2  .  oopoo  .  P  .  oP  .  ?oo  .  f  oo  .  P2. 
^^00.  Cleavage  parallel  to  oo!&0o,  imperfect.  It  also  occurs  reniform  and  massive, 
mdi^tinctly  fibrous,  with  a  drusy  surface.  Hardness  «  4*6  to  6.  Specific  gravity  « 
4  to  4*4.  Lustre  adamantine  inclining  to  vitreous.  Colour  dark  green.  Streak  a  little 
lighter.    Transparent  to  subtranslucent.    Fracture  small  oonchoidal.     Brittle. 

Analyses. — a.  From  Vimeberg  (Bhodius,  Ann.  Ch.  Pharm.  hui.  37). — b.  From  Ebl 
on  the  Rhine  (Bergemann,  Pogg.  Ann.  civ.  190). — e.  From  Hinchberg  in  the  Voigt- 
land  (EUhn,  Ann.  Ch.  Pharm.  xxziv.  218) : 

Vol.  IV.  0  0 
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P«0*     Afl*0     Cu-O 

H«0 

a.    20-4        .    .      70-8 

84 

» 

99-6 

*.     19-89       1-78     6997 

8-21 

ss 

99-85 

e     20-87      .    .      7173 

7*40 

— 

100 

The  formuU  6Cu''O.P«0».8H«0  requires  21-11  PK)»,  7087  Cu'O  and  802  watw. 

T  h  r omboli  te  is  an  amorphoua mineral fromRetzbanja,  con8i0tinff  approximately  of 
410  P^O*,  39 2  Cu'O,  and  168  water,  whence  it  is  probably  6Cu''O.3P«O*.10H*O  or 

Cu»P«O«.2CuTK)«.10H«O.    (Hattner,  J.  pr.  Chem.  xy.  821.) 

y.  Cupric  Pyrophosphate^  Cu«PK)*.H»0  (at  100**),  prepared  by  predpitatinff  a 
cupric  salt  with  pyrophoephate  of  sodium,  is  an  amorphous  greenish-white  powder, 
which  becomes  dark  blue  when  dried  at  100^,  and  assumes  a  lighter  blue  colour  on 
ignition.  It  dissolves  in  mineral  acids  and  ammonia,  and  likewise  in  pyrophosphate 
of  sodium.  When  boiled  with  caustic  potash,  it  is  resolyed  into  cupric  oxide  and 
orthophoephate  of  potassium.  Sulphurous  add  dissolyes  it  without  converting  it  into 
a  cuprous  salt,  and  the  solution  when  boiled  deposits  it  again  in  the  ciystalline  state. 
It  gives  off  its  water  on  ignition. 

An     anmoniacal     cupric     pyrophogphate      8Cu«PK)^2(N•H•Cuy0.4H»0     «p 

/iMOa^^    Qi*  *  ^^^  separates  gradually  from  an  ammoniacal  solution  of  cupric  pyio- 

H«    j 
phosphate  oovered  with  a  layer  of  alcohol,  in  nodular  groups  of  nltramarine-ooloured 
crystals,  which  must  be  dried  over  a  mixture  of  sal-ammoniac  and  quick-lime,  to  prevent 
them  from  giving  off  ammonia. 

ViMMpliate  of  Bldymlnm,  l5i'FK)'.2H'0,  separat^ns  slowly  from  a  mijcture  of  the 
concentrated  solutions  of  nitrate  of  didymium  and  disodic  orthophosphate,  quickly  on 
diluting  the  liquid  or  on  boiling.  It  is  white,  pulverulent,  insoluble  in  water,  slightly 
soluble  in  dilute,  easily  in  concentrated  adds;  gives  off  its  water  at  a  heat  near  re<£iess. 
(Marignac.) 

When  a  solution  of  didymic  sulphate  is  mixed  with  an  equivalent  quantity  of  phos- 
phoric acid  (1  at.  P'O*  to  3  at.  Di'O),  two-thirds  of  the  didymium  is  precipitated  in  the 
form  of  a  phosphate  which  in  the  dir  state  contains  SDi*0.2P*0^5H*0,  while  the  rest 
remains  dissolved  and  is  precipitated  by  ammonia  as  a  translucent  jelly,  which  dries  up 
to  translucent  rose-red  lumps  having  a  conchoidalfracture.  (Hermann,  Jahresb.  1861, 
p.  176.) 

Vbospbates  of  OliielBmin.  A  neutral  solution  of  nitrate  of  gludnum  forms  with 
disodic  orthophosphate  a  white,  amorphous,  pulverulent  precipitate,  which  when  dried 

over  chloride  of  calcium,  consists  of  dialudnic  orthophoaphate  <3^^P'0'.6HK).     With 
pyrophoephate  of  sodium  a  white  pulverulent  predpitate  of  gludnic  pyrophosphate 

df'F*0^5H*0  is  obtained.    (Scheffer,  Ann.  Ch.  Fharm.  dx.  144 ;  Jahresb.  1859, 
p.  140.) 


Vliospliates  of  Iron.— c(.  Ferric  Metaf>ho»p hate,  VeK^.SV*0*  or  Fe'VO^. 
Produced  by  evaporating  a  solution  of  ferric  chloride  with  excess  of  phosphoric  add, 
and  heating  the  residue  to  316^.  The  white  powder  which  separates  is  insoluble  in  water 
and  in  dilute  adds ;  strong  sulphuric  add  deoomposes  it    (Maddrell.) 

fi.  Ferric  Orthophoephates. — ^The  precipitates  formed  by  treating  soluble  ferric 
salts  with  alkaline  phosphates,  vary  gnaXty  in  composition  according  to  the  nature  of 
the  solutions  used  and  the  proportions  in  which  they  are  mixed. 

Normal  ferric  orthophosphate,  Fe*0*.P*0*  or  Fe'"PO*  is  formed  on  adding  disodic 
orthophosphate  to  a  solution  of  ferric  chloride  or  sulphate,  made  as  neutral  as  possible, 
or  mixed  with  a  considerable  quantity  of  an  alkaline  acetate  (p.  644).  The  same  salt 
is  gradually  produced  when  a  solution  of  ferrous  sulphate  is  mixed  with  disodic  ortho- 
phosphate till  a  permanent  predpitate  begins  to  form,  and  the  filtrate  is  exposed  to 
the  air. 

Ferric  phosphate  thus  prepared  is  a  white  powder  insoluble  in  water,  nearly  insoluble 
in  acetic  add,  slightly  soluble  in  water  containing  carbonic  acid^  It  dissolves  in  dilute 
mineral  acids,  and  is  precipitated  therefrom  by  alkalis  and  alkaline  carbonates,  and 
likewise  by  alkaline  acetates.  In  presence  of  excess  of  sodic  phosphate,  the  precipitate 
of  ferric  phosphate  is  dissolved  by  ammonia  and  by  carbonate  of  ammonium.  Ferric 
phosphate  is  soluble  in  ferric  chloride  and  slichtly  also  in  ferric  acetate,  but  quite  in- 
soluble in  ferrous  acetate.    Hence  when  a  solution  of  ferric  phospliate  in  an  acid  is 
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mixed  vith  ferric  chloride  and  an  alkaline  acetate,  a  small  portion  of  it  remains 
dissolved ;  but  if  the  ferric  salt  be  first  reduced  to  ferrous  salt  by  sulphurous  acid,  an<| 
then  treated  vith  ferric  chloride  and  alkaline  acetate,  the  whole  of  the  phosphoric  acid 
is  precipitated  as  ferric  phosphate :  the  precipitation  is  much  accelerated  by  boiling. 

ferric  phosphate  slowly  gives  up  its  acid  to  aqueous  alkalis.  When  an  add  solu- 
tion of  the  salt  is  precipitated  by  ammonia,  a  brown  basic  salt  is  formed  containing 
31«VO«.2I«0*.16H'0  or  Fe'CiFeTOMSHH).  By  boiHn^  with  potash-ley  a  still 
laiver  quantity  of  acid  is  removed,  and  the  residue  contains  15  at  Fe^O'  to  1  at 
P^O*  (Bam  m els  berg),  probably  a  mixture  of  the  normal  salt  with  ferric  oxide.  To 
remove  the  whole  of  the  phosphoric  acid,  the  salt  must  be  foaed  with  an  alkali  or 
nlkaline  carbonate. 

Ferric  phosphate  dissolves  also  with  facility  in  tartaric  acid,  citric  acid,  tartrate  of 
ammonium,  citrate  of  sodium  and  citrate  of  ammonium.  The  last  mentioned  solution 
when  spread  upon  glass,  dries  up  to  brownish-green  scales  which  dissolve  in  cold 
water,  forming  a  solution  having  an  agreeable  sidine  taste ;  they  contain  44  per  cent 
ferric  phosphate,  Fe'"PO\  46  ^r  cent  citrate  of  ammonium,  and  10  per  cent.  wat«r; 
this  salt  may  be  used  in  medicune.    (Heydenreich,  Chem.  News,  iv.  158.) 

Ferric  phosphate  in  acid  solution  is  completely  decomposed  by  addition  of  ammonia 
and  sulphide  of  ammonium,  the  whole  of  the  iron  being  precipitated  as  sulphide,  and 
the  whole  of  the  phosphoric  acid  remaining  in  solution. 

The  white  neubral  salt  gives  o£f  its  water  at  a  red  heat  and  turns  brown.  On  char- 
coal before  the  blowpipe  it  is  reduced  to  an  ash-grey  bead ;  under  fluxes  it  is  reduced 
only  at  very  high  tempentures.    When  strongly  ignited  over  a  lamp  in  a  stream  of 

hydrogen  gas,  it  is  reduced  to  ferrous  p^phosphate,  Fe'F'O',  which  if  further  heated 
to  whiteness  in  the  gas,  is  completely  deoxidised  and  converted  into  a  phosphide  of 
iron,  Fe*P«.     (Struve,  Jahresb.  I860,  p.  76.) 

A  bogie fBtrie  pkotphate  containing  2Fe^0*J^0*  or  Fe*0*.2Fe*T0\  oocuzs  in  nature 
combined  with  various  quantities  of  water. 

Caooxene,  2Fe*0*i**0'.12HK),  from  the  Hrbeck  mine  near  Zbirow  in  Bohemia, 
forms  yellow  or  brownish  radiated  tufts  becoming  brown  on  exposure.  Hardness  »  3*4. 
Specific  gravity  »  3*88.  An  analysis  by  v.  Hauer  (Jahrb.  a.  geoL  Reichsanst  1854, 
P-  67),  gave  19-63  per  cent  ?*()*,  47*64  FeH)",  and  32*73  water,  the  formula  requiring 
20-94  PK)*,  47'20  Fe*0*,  and  31*86  water;  but  different  specimens  present  great 
diversities  of  composition,  arising  from  alteration,  or  the  presence  of  foreign  substances. 

Dufrenite  oir  Green  iron  ore,  2Fe'O'.F'0*.6H*0,  has  been  already  described 
(ii.  347). 

Delvauxene  or  Delvauxite  (ii.  340),  is  an  iron  ore  of  variable  composition,  some 
specimens  containing  2FeK)'P'O*.18H'0,  others  containing  the  same  with  24^0,  while 
others  contain  lime,  and  according  to  v.  Hauer,  may  be  represented  by  the  formula, 

Ca"P*0«.2(Fe«0».FeTO«).24H*0. 

Carphosiderite  (from  the  mica  slate  of  Labrador)  is  a  hydrated  ferric  phosphate 
containing  small  quantities  of  manganese  and  zinc,  but  it  has  not  been  analysed  quan- 
titatively. It  occurs  in  straw-yellow  reniform  masses  and  incrustations,  having  a 
resinous  lustre  and  a  greasy  feel.  Hardness  »  4 — 4*5.  Specific  gravity  -i  2-49 — ^2*5. 
(Dana,  ii.  431.) 

Bog  iron  ore  (iii  888)  also  contains  variable  quantities  of  phosphoric  acid.  Many 
other  iron  ores  also  contain  small  quantities  of  that  add,  in  consequence  of  which,  pig 
iron,  especially  that  prepared  by  the  hot  blast,  generally  contains  small  quantities  of 
phosphorus.  In  many  strata,  ferric  phosphate  occurs  in  considerable  quantity 
together  with  phosphate  of  calcium.  In  some  of  the  lower  strata  of  the  chalk-forma- 
tion of  Sussex,  Herapath  found  as  much  as  25  per  cent  ferric  phosphate,  and  in  many 
coprolites,  teom  7  to  9  per  cent. 

A  hydro-ferrie  pkogphaU  or  acid  ferric  phoBphate^  confaining  Fe"'H"P'0*.2H*0,  is 
said  to  separate  from  a  solution  of  tiie  normal  salt  in  aqueous  phosphoric  acid,  left  to 
itself  in  a  dosed  vessel,  in  transparent  cubic  cxystalS)  wnich  are  tasteless,  insoluble  in 
water,  but  soluble  with  brown-ydlow  colour  in  ammonia  (Winckler). — According 

to  L.  (3tme\iji(Handhooh,  v.  226),  the  salt,  fe^«PH)".6H«0  or  ^^^|  3I«OM2H*0, 

is  precipitated  by  disodio  orthophosphate  from  a  solution  of  ferrio  chloride,  according 
to  the  equation : 

2FeCl»     +     3Na2HPO*       «       F?H«P»0»»     +     6NaCl; 

but  according  to  most  authorities  the  precipitate  thus  formed  consists  of  normal  ferric 
orthophosphate,  Fe'*PO\  and  phosphoric  acid,  H*PO*,  remains  in  solution  (p.  662). 
Ammonuh/errie  phosphate, — Ferric  phosphate  dissolves  in  ammonia  in  prcsonce  of 

o  o  2 
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phosphate  of  sodiom,  forming  a  red-brown  solution  which  giyee  off  ammonia  on  evapO" 
ration. 

7.  Ferrous  Orthophosphate,  8Fe''O.P*0*.8H»0  -  F>P»0r8H*0.— This  salt  is 
formed  as  a  white  ciystalline  mass  when  a  pLite  of  iron  is  left  immersed  for  a  long  time 
in  a  solution  of  phosphate  of  ammonium  in  an  open  vessel,  or  when  a  solution  of  disodic 
orthophosphate  is  decomposed  by  a  Tery  weak  voltaic  current  with  a  plate  of  iron  for 
the  positive  electrode  (Becquerel).  It  may  be  prepared  by  dissolving  metallic  iron 
in  pnosphoric  acid,  or  by  boiling  ferrous  sulphate  with  disodic  orthophosphate,  both 
solutions  having  been  previously  de-aeiated  by  boiling;  The  white  precipitate  must 
be  protected  firom  the  air  during  washing  and  dzyinff.  If  the  solution  of  ferrous  sul- 
phate is  poured  into  the  phosphate  of  sodium,  the  precipitate  is  said  to  contain 
difenous  orthophosphate,  Fe'H'PH)',  as  well  as  the  triferrous  salt. 

Triferrous  orthophosphate  is  white,  insoluble  in  pure  water,  slightly  soluble  in 
water  containing  carbonic  acid  (in  1,000  pts.  of  water  containing  rather  more  than  its 
own  volume  of  carbonic  anhydride :  P  i  e  r r e).  It  dissolves  easily  in  dilute  mineral  acids 
and  in  560  pts.  water  containing  ^^th  of  commercial  acetic  acid;  also  in  ammonia, 
forming  a  yellowish  solution  which  soon  becomes  turbid  by  oxidation  on  exposure  to 
the  air ;  and  in  1,666  pts.  water  containing  160  pts.  of  a  concentrated  solution  of 
acetate  of  ammonium.  The  precipitated  phosphate  dissolves  in  excess  of  the  soluble 
ferrous  salt.  It  melts  before  the  blowpipe  and  solidifies  to  a  crystalline  mass  on 
cooling ;  when  fused  with  sodic  carbonate  on  charcoal,  it  is  reduced  to  phosphide  of 
iron. 

When  precipitated  ferrous  phosphate  is  washed  with  water  containing  air  and  dried 
in  contact  with  the  air,  it  is  converted  by  oxidation  into  a  lnYendeT'hlueferroso-ftrrie 

phosphate  containing,  according  to  Rammelsbeig,  2Fe»P«0«.(^e«0".2Fe'*PO*).16H«0. 

Triferrous  phosphate  occurs  native  as  vivianite  or  blue  iron  earth,  more 
firequently,  however,  altered  by  oxidation  to  ferroso-ferric  phosphate.  This  mineral  forms 
monodiuic  crystals  in  which  the  orthodiagonal,  dinodiagonal,  and  principal  axis  are  as 
1-3843:    1  :   1-002.     Angle  of  inclined  axes  -  71<^25;   odP  :   ooP  -   111©   12' 


oP:  [Poo]  a  liS^  33'.  Dominant  combination  ooPoo .  [odPoo]  .  ooP.  ooP3  .  +  P. 
—  P .  +  fP .  —  JP.  Cleavage  parallel  to  [  ooPoo  ]  highly  perfect;  parallel  to  ooPoo  and 
^Pao  in  traces.    It  often  occurs  also  reniform  and  globular,  with  diveigent,  fibrous,  or 


earthy  structure;  also  incrusting.  Hardness  ^  1-3 — 2.  Specific  gravity  —  2*661. 
Lustra  pearly  or  metallic-pearly  on  the  faces  [  odPqo  ],  vitreous  on  ouer  faces.  Colour 
usually  blue  to  ereen,  deepening  on  exposure ;  in  perfectly  unaltered  specimens  oolouc- 
less.  Streak  bluish-white,  soon  changing  to  indigo-blue;  dry  powder  Uver-brown. 
Transparent  or  translucent,  becoming  opaque  on  exposure.  Fracture  not  observable; 
Thin  laminiB  flexible.  Sectile. 
Analyses. — a.  From  DeUware;  colourless,  tumiuff  green  on  exposoie  (Fisher,  Sill. 


Am.  J.  [21  ix.  84). — 6,  e.  Crystallised,  altered  by  oxidation ;  b  from  Bodenmais;  e  from 
MuUica  Hill,  Gloucester  County,  New  Jersey  (B am m  els  berg,  MineralchemUf  p. 
826). — d.  From  Allentown,  Monmouth  County,  liew  Jersey :  earthy  (K a rlbaum,  SiU. 
Am.  J.  [2]  xxiiL  ^22). — e.  From  Kertsch  in  the  Crimea:  light  blue  (Struve,  J.  pr. 
Chem.  XX.  236).-—/.  From  Bargusin,  Lake  Baikal:  earthy;  dirty-blue  (Struve,  &. 
cU,),--€f.  From  Kertsch:   dark  brown,  eiystalline;  specific  gravity,  2*72  (Struve, 

a.          b,  e.  d,          e,  f.  g. 

27-17  2901  28-60  29-65  2917  1979  28*73 

.    .  11*60  11-91  18-45  21-34  3311  38*20 

4410  35-65  34*52  27*62  21-54  1375  9*75 

27*95  .    .  2613  25*60  27*50  2610  2412 


Fhosphorie  anhydride 
Feme  oxide     . 
Ferrous  oxide 
Water     . 


Silica 


003      .    .        7-37 


0-10 


99*32      .    .    101*16  101*35     99*55  100*12  100*80 


a  agrees  nearly  with  the  formula  of  hydiated  triferrous  phosphate^  3FeO.PH)*.8H'0  or 
Fe«PW.8H«0  (calc.  28*29  P«0»,  43*03  Fe«0,  28*68  HH)) ;  6  and  c  with  that  of  a  ferroso- 
ferric  phosphate  containing  6(8FeO.P*0».8HH))  +  8(Fe»0«.2PH)*.8HK)),  which  re- 
quires 29*00  per  cent  PW,  12*24  Fe«0«,  33*06  FeO,  and  25*70  water.  The  remaining 
analyses  may  be  represented  approximately  by  the  following  formule : 

d.  3FeO.P«0»  +  Fe«OM»0»  +  12aq. 

«.  3(3FeO.P«0»)  +  4Fe«0».3P«0»  +  45aq. 

/.  3FeOJ»^*  +  2(3Fe«0«.2l«0*)  +  33aq. 

y.  2(3jrO.PK)»)  +  3Fe«0«  +  21aq, 
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Ciystals  of  Tivianite  have  been  found  in  the  hollow  of  a  bon^  belonging  to  the  flke- 
leton  of  a  miner  difioovered  in  an  old  working  at  Tftmowitz  (Haidinger,  J.  pr.  Chem. 
xliv.  81).  Schlossberger  (Ann.  Oh.  Pharm.  Izii.  382)  mentions  that  some  iron  nails 
found  in  the  stomach  of  an  ostrich,  and  partly  enveloped  in  black  animal  matter,  be- 
came covered,  after  several  days*  expoenre  to  the  air,  with  blue  spots,  apparently  arising 
from  the  formation  of  vivianite. 

Ferrous  phosphate  occurs,  with  other  metallic  phosphates,  in  several  minerals.  Chi  1- 
drenite  (i.  869)  is  a  phosphate  of  iron,  aluminium,  and  manganese ;  triplite  (p.  671), 
phosphate  of  iron  and  manganese;  triphylline  (p.  672),  a' phosphate  of  iron,  man- 
ganese, and  Hthium.  ^ 

A  compound  of  diferraus  orthaphosnhaU  with  nitrous  oxide,  Fe'H'PK)*.NO,  is  ob- 
tained as  a  brown  precipitate  on  adding  disodic  orthophosphate  to  a  solution  of 
a  ferrous  salt  saturated  with  nitric  oxide.  When  exposed  to  the  air,  it  absorbs  oxygen 
and  is  conyerted  into  ferric  phoq>hate  and  nitrate.    (Handw.  d.  Chem.  vL  364.) 

Ammonia-ferroua  ortkophoiphaU,  (KH')7e'FK)*.2HK).— This  salt,  analogous  in 
composition  to  ordinary  ammouio-magnesian  phosphate  dried  at  100^,  is  formed  by 
itaixmg  a  solution  of  14  pts.  of  iron  in  hot  hydrochloric  acid  with  a  small  portion  of 
sulphite  of  ammonium ;  adding  to  it  while  hot  a  thoirovghly  boiled  aqueous  solution  of 
100  pts.  crystallised  ordinary  phosphate  of  sodium,  ^niidi  immediately  precipitates 
white  ferrous  phosphate ;  then  adding  ammonia  in  slight  excess — immeoiately  dosing 
the  fiaak,  which  must  be  completely  filled  with  the  liquid — agitating — and  leaving  the 
mixture  to  itself  for  a  few  minutes,  tall  the  precipitate,  whidi  is  flocculent  at  first,  is 
eonyerted  into  lamin«,  which  sink  rapidly  to  the  l)ottom.  If  it  remains  flocculent,  the 
liquid  must  be  heated  again,  perhaps  with  the  addition  of  a  small  quantity  of  ammonia ; 
if  part  only  of  the  precipitate  becomes  crystalline,  the  lighter  flakes  must  be  separated 
by  levigation  firom  the  crystalline  lamixua  The  laminae,  on  which  the  air  no  longer 
exerts  any  oxidisiuff  action,  are  then  thrown  upon  a  fllter,  washed  with  thoroughly 
boiled  water,  and  dried.  No  ammonia  must  be  added  to  the  water,  because  it  im- 
mediately induces  oxidation,  so  that  hydrated  ferric  oxide  remains  on  the  fllter,  and 
the  water  runs  off  brown ;  hence  also,  in  preparing  the  salt^  care  must  be  taken  not  to 
add  too  much  ammonia.  It  forms  greenish-white,  soft  laminse,  which  when  rubbed  on 
the  hand,  produce  a  coating  like  silver ;  they  are  permanent  in  the  air;  the  salt  when 
heated  in  the  air  gives  off  water  and  ammonia,  and  leaves  flrst^  greemsh  ferrous  phos- 
phate, amounting  to  77  per  cent. — then  yellowish-white  ferric  phosphate.  With 
potash-solution  it  evolves  ammonia,  and  when  boiled  therewith,  gives  up  its  phosphoric 
acid  and  is  converted  into  fenoso-ferric  oxide  having  the  form  of  the  original  laminae. 
It  is  insoluble  in  water,  even  at  the  boiling  heat  While  yet  moist  it  dissolves  readily 
in  acids,  even  when  dilute ;  but  after  drying,  it  dissolves  but  sparingly  and  with  diffi- 
culty even  in  concentrated  acids.    (Otto,  J.  pr.  Chem.  ii.  409.) 

«.  F«rricPyro;»*(?»;)*a^e,2Fe»0«.3P»0».9HK)  =  E^e*P^«.9H*0.---Obtainedby 
dissolving  sublimed  ferric  chloride  in  water,  and  precipitating  by  phosphate  of  sodium ; 
the  supernatant  liquid  is  neutral  It  is  a  nearly  white  powder,  having  a  slight 
yellowish  tinge,  which  deepens  at  100°,  and  becomes  lighter  again  after  ignition; 
dissolyes  in  acids  and  in  phosphate  of  sodium,  likewise  in  ammonia;  in  the  latter  it 
forms  a  yellow  solution.  It  is  insoluble  in  hydrochloric  acid,  sulphurous  acid,  and  sal- 
ammoniac.  On  dissolving  it  in  hydrochlorie  acid  without  boiling,  and  precipitating 
by  ammonia,  the  precipitate  dissolves  completely  in  excess  of  ammonia.  Carbonate  of 
ammonium  dissolves  it,  forming  a  colourless  solution,  whereas  the  ordinary  phosphate 
forms  a  yellow  solution.  It  is  completely  decomposed  by  fusion  with  a  mixture  of  car- 
boDHte  of  sodium  and  carbonate  of  potassium.  Aft^r  drying  at  100°,  it  lost  by  ignition 
17*66  per  cent  of  water,  and  the  ignited  salt  was  foxmd  to  contain  41*7  Fe*0'  + 
68-3  P^O*. 

Acid  ferric  chloride  precipitated  by  pjrrophosphate  of  sodium,  yields,  not  ferric  pyro- 
phosphate, but  an  orthophosphate  containmg  1  atom  of  base  to  1  atom  of  acid ;  in 
100  parts :  61'66  FeH)*  +  48-34  P*0«.  This  salt,  when  boiled  with  ordinary  phos- 
phate of  sodium,  does  not  yield  pyrophosphate  of  soda,  as  is  the  case  with  the  pre- 
ceding.   (Schwarzenberg,  Ann.  Ch.  Pharm.  Ixv.  163.) 

€.  Ferrous  Fyro^hosphate,  Be'P'O^  is  produced  by  strongly  igniting  normal 
ferric  orthophosphate  m  a  stream  of  hydrogen.  If  further  heated  to  whiteness  in  the 
same  gas,  it  suffers  further  reduction,  giving  off  phosphoretted  hydrogeu,  phosphorous 
acid,  and  phosphorus,  and  leaving  a  greyish-white,  metallic-shining,  non-magnetic 
phosphide  of  iron,  having  nearly  the  composition  Fe^P*  (Struvc,  Jabresb.  1860,  p.  76). 
Ferrous  pyrophosphate  is  likewise  obtained  by  treating  a  ferrous  salt  with  pyrophos- 
phate of  sodium,  as  a  white  amorphous  precipitate,  which  turns  green  and  brown  oj^ 
posure  to  the  air.    (Schwarzenberg.) 
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^bMipbate  mi  ^mmOuununm — A  solntion  of  sulphate  of  lanthaniiin  mixed  with 
an  eqaivalent  quantity  of  phosphoric  acid,  yields  a  precipitate  of  an  acid  orthophoe- 

phate  3La''0.2PK)*,  op  La«P*OM*»0*,  but  when  phosphoric  add  is  gradually  added  to 
a  warm  solution  of  the  lanthanum-salt^  a  white,  pulyenuent  precipitate  is  formed,  consist- 


ing of  the  normal  salt  La*FK>*  (B.  Hermann,   J.  pr.  Chem.  haaoL  886).    The 
latter  ocenn  t<^;ether  with  phosphate  of  cerium  in  monasite,  cryptolite^  &c  (p.  65S). 


a.  M€tapho8pkate9.^^l,  JHmetaphogphaie,  Pb''0.2PK>* 

a  pf)*P«0'*.  A  solution  of  sodic  dimetaphosphate  mixed  with  excess  of  lead-nitrate  de- 
posits this  salt  after  a  while  in  tolerably  distinct  crystals ;  by  precipitation  with  the 
ammonium-salt,  it  is  obtained  at  once  as  an  amorphous  precipitate.  It  is  anhydrous, 
neariy  insoluble  in  water,  melts  without  intumescence  at  a  red  heat,  and  solidifies  to  a 
transparent  glass  on  cooling.    (Fleitmann.) 

J)imetapko9pkate  of  lead  and  amnumium,  (NH*)*Pb'P*0^*,  is  obtained  Iry  treating 
the  lead-salt  just  described  with  excess  of  dimetaphosphate  of  ammonium,  or  by  pre- 
cipitating nitrate  of  lead  with  excess  of  the  ammomum-sslt.  It  forms  crystalUna 
spaneleB  sparingly  soluble  in  water,  and  but  slowly  attacked  by  arids.  It  does  not  lose 
weight  at  150^,  and  giyes  off  ammonia  only  on  pzJokmged  agitation.    (Fleitmann.) 

2.  Tnmt<iapko8phaie,  8Fb'0.3FH)*.3H*0  or  Fi>«F^».8HK).— Obtained  by  mixing 
a  moderately  conoentrated  solution  of  sodic  trimetaphosphate  with  an  equiTalent  quan- 
tity of  lead-nitrate ;  the  liquid  (to  be  filtered  if  turbid),  deposits  the  salt  on  standing, 
in  small  crystals,  which  are  veary  slightly  soluble  in  water,  and  gire  off  their  water  of 
crystallisation  with  intumescence  when  heated.  A  solution  of  the  sodium-salt  precipi- 
tated with  acetate  of  lead  yields  a  salt  containing  excess  of  base.  (Fleitmann  and 
Henneberg.) 

3.  Tetrameiapho9piaie,  Fb^FH)**. — ^When  protoxide  of  lead  is  heated  for  some  time 
with  excess  of  phosphoric  add,  a  salt  separates  which  redissolyes  quickly  and  com- 
pletely in  the  excess  of  add,  and  if  the  fbsed  mass  is  allowed  to  cool  slowly,  separates 
in  large  transparent  prisms  enyeloped  in  an  amoiphous  yitreous  mass  containing  oxide 
of  lead.  This  mass  may  be  remoyed  by  prolonged  treatment  with  cold  water,  the  tetra- 
metaphosphate  of  lead  then  remaining  undissolyed.  It  is  insoluble  in  water,  melts 
when  heated,  and  forms  an  amorphous  yitreous  mass  on  rapid  cooling.  It  is  decom- 
posed by  sulphide  of  ammonium  and  monosulphide  of  sodium  eyen  in  uie  cold,  yielding 
the  corresponding  salt  of  the  alkali-metaL  When  heated  with  dilute  adds,  it  is 
dissolyed  and  decomposed  much  more  easily  than  the  dimetaphosphate.    (Fleitmann.) 

4.  HexmetaphospiaU  (?). — ^Nitrate  of  lead  mixed  with  metaphoephoric  add  and  then 
with  ammonia  Ibrms  a  bulky  predpitate  insoluble  in  excess  of  ammonia.  Ordinary 
metaphosphate  of  sodium  forms  wim  acetate  of  lead  a  bulky  precipitate,  which  cakes 
together  when  agitated,  becomes  resinous  on  standings  and  dissolyes  in  excess  of  am- 
monia.   (H.  Bose.) 

jS.  Orlhophosphate$, — ^An  acid  orthophosphate  of  lead  is  said  to  be  formed  when 
>\         lead  is  dissolved  in  aqueous  phosphoric  acid  owiwf  contact  with  the  air.    The  solution 
yields  on  eyaporation  granular  crystals,  which  have  not  been  analysed. 

Diplumbie  ortkopkofphaie,    ^^^^^  |  FW  -  l^b'H'FK)*.— Dilute  solutioni  of  lead- 

nitrate  yield  with  alkaline  phosphates,  predpitates  which  are  mixtures  of  di-  and  tri* 
plumbic  orthophoephates  in  yaiymg  proportions.  To  obtain  the  diplumbie  salt  pure^ 
a  boiling  solution  of  lead-nitrate  is  precipitated  by  aqueous  phosphoric  add.  The  pre- 
dpitate consists  of  daszling  white  microscopic  crystalline  laminae ;  it  is  insoluble  in 
water  and  in  aqueous  phosphoric  add,  but  soluble  in  nitric  add  and  in  potash.  By 
digestion  with  anmionia  it  is  oonyerted  into  the  triplumbic  salt  It  melts  before  the  blow- 
pipe, forming  a  clear  bead  which  exhibits  crystalline  &cet8  on  ooolin^^  but  not  so  dis- 
tinctly as  the  triplumbic  salt  when  similarly  treated. 

Tripiumiic  phosphate,  IVP*0*,  is  obtained  as  a  white,  earthy,  amorphous  predpitate, 
by  decomposing  acetate  of  lead  with  disodic  orthophosphate,  the  lead-salt  being  kept 
in  excess,  or  by  the  action  of  ammonia  on  tiie  diplumbie  salt;  and  in  rhombic  tablets 
by  heating  the  pyrophosphate  Fb*F«0'  with  water  in  a  sealed  tube  (Bey  no  so).  It 
is  insoluble  in  water,  mcxlerately  soluble  in  dilute  nitric  add,  nearly  insoluble  in  acetic 
acid,  easily  soluble  in  potash-loy.  When  suspended  in  water,  it  is  decomposed  by  sul- 
phuric or  sulphydric  acid.  It  melts  on  charcoal  before  the  blowpipe,  and  the  bead  on 
cooling  exhibits  shining  crystalline  facet& 

By  precipitating  solutions  of  nitrate  or  chloride  of  lead  with  phosphate  of  sodinm, 
double  salts  are  often  formed  consisting  of  nitrate  or  chloride  of  lead,  combined  with 
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di-  or  tri-plumbic  phosphate.    Thephosphato-nitrate,  PWP«0*.PbN*0«.2HH),  i« 
described  under  Nitbatbs  (p.  96). 

Phosphate- ehlorides.'^The  salts  Pb*H«P*0*.PbCl«,  2Pb»P*0*.PbOT  and 
SPb'PO'.PbCl',  obtained  by  precipitating  chloride  of  lead  in  Tarions  ways  with  di- 
sodicorthophosphate^  have  be^  already  described  as  chlorophoaphatesofleaid  (iiL  339). 

Pyromorphite  or  Ghreen  lead  ore  (GrunbUiers)  has  the  composition  of  the 
last-mentioned  salty  SFb^P'O'PbGl',  the  phosphorus  being,  however,  often  more  or  less 
replaced  by  arsenic  This  mineral  is  isomorphons  with  mimetesite,  or  arsenato- 
chloride  of  lead,  SPb^AsH)*  J'bCl'  (in  which  also  thp  arsenic  is  often  paztially  replaced 
b^  phosphoros) ;  also  with  apatite ;  and  a  variety  is  known,  called  brown  lead  ore,  con- 
sisting of  pyromorphite  combined  with  flnor-apatite  (L  349). 

The  crystals  of  pyromorphite  are  hexagonal  prisms  exhibiting  the  same  combi- 
nations as  mimetesite  (iii.  1024).  Length  of  principal  axis  «  0*7362.  Angle  P  :  P 
(terminal)  -  142<'  12';  (lateral)  -  80^  44'.  Hardness  «  3'(^— 4;  specific  gravity  - 
6*6871 :  7*048.  Lnstre  resinons.  Golonr  green,  yellow  and  brown  of  different  shades. 
Streak  white,  sometimes  yellowish.  Bubtransparent  to  sabtranslucent.  Fracture  sub- 
oonchoidal,  uneven.  Brittle.  Before  the  blowpipe  it  melts  reiy  easily,  and  colours 
the  outer  flame  blue-green ;  the  bead  solidifies  like  that  of  phosphate  of  lead  above 
described.    Sometimes  emits  arsenical  fumes. 

AfuUysea. — a.  From  Zschopau  in  Saxony :  green ;  spedflo  gravi^  a  6*27 
(Wohler,  Pogg.  Ana.  iv.  161). — 6.  From  LeadhiUs  in  Scotland:  orange-red  (W 6 hler, 
ioc. eit), — e.  From Meehemichin the Eifel (Bergemann,  RammeUberff's  MinenUcheTnie, 
p.  356). — d.  From  Kransbeig  in  Nassau :  crystallised ;  li^t  g^reen ;  specific  gravity  » 
7*1  (Sandbereer,  J.  pr.  Chem.  xlvii  462).->«.  From  Ems  in  Nassau  :  yellow;  cr^s- 
stallised  (Sandberger  ^.  ott.).-^/.  From  Beiesow  in  Siberia :  czystals  accompanied 
by  vanadinite:  specific  gravity  ■■  6*716  (Strnve,  Yerh.  d.  min.  G^.  su.  Petersb. 
1867). — ff.  From  Zschopau:  white;  ctystallised  (Wohler,^.  ot^.)— A.  From  the 
Altai*,  yellow  spherical  masses;  specific  gravity  b  6*537  (Strure,  loe,  <»/.).— t. 
From  Bosieis  near  Pontgibaud,  Auvergne :  green  and  brownidi ;  botiyoidal ;  specific 
gravity  s  6*67  (Klaproth,  .8^>fl^0;  iii  146;  v.  200): 

«.      6.          e.       d»        e.        f.        g.  h,  i. 

Cblortae        ....       9-57     S-AS     S-AO     2*67      3*SD      8*54  S>66  S  88  9ft9 

L«(ad-oxlde    ....      89-S5    82-<l6    80-2)    81*68    82*90    81 M  88'M  8153  7ft'80 

Phosphoric  anhydride 15-94    15-96    16-8a  15-17  12-90  1405 

An  enic  ■nhydride        . 2-30  2*61  8-8S 

Water 0-70    ...    .      0-60 

The  variety  g  has  the  composition  of  an  isomorphotis  mixture  of  I  at.  mimetesite 
and  10  at  pyromorphite ;  t,  ef  1  at.  mimetesite  and  8  at  pyromorphite. 

The  following  are  analyses  ofBrownleadore : — a.  From  the  Sonnenwirbelmine 
near  Frieberg:  Polys^herite:  brown  spherules  and  drops:  specific  gravity  «  6*092 
(Kersten,  S:hw.  J.  Ixii.  1). — h.  From  Mies  in  Bohemia:  botiyoidal;  speciflcgravity  » 
6*444  (Kers  ten). — e.  From  the  same  locality :  oystsllised ;  speciflcgravity  &■  6*983 
(Kerstenl — d.  From  Bleistadt  in  Bohemia :  crystallised;  speciflcgravity  «  7*009 
(Kersten). — e.  From  the  same:  speciflcgravity  —  6*843  (Lerch,  Ann.  Ch.  Phann. 
xlv.  328).—;/'.  From  England:  crystallised  (Kersten): 

a.  h,  c.  d.  t,  f. 

Chlorine        .        .        .        2*62      276      2*60      2-66      2*47  2*60 

Lead-oxide    .        .        .      7217    76*83     81*33    81*46    80*38  82*08 

Lime     ....        6*47      3-71      0*43      0*32      0*81  0*32 

Fe^O  0-38 

If  all  the  chloriue  be  supposed  to  be  combined  with  lead,  and  the  admixed  apatite 
to  be  a  pure  fluor-apatite,  these  analyses  may  be  included  under  the  formula: 

«(Pb''a«3fb*P»0»)  +  (Ca'T«.8Cli«PH)»). 

the  value  of  n  being  3  in  a,  6  in  6  and  48  in  e,  so  that  the  last  is  nearly  pure  pyro- 
morphite, as  are  also  d^  e,  and/. 

Nussierite,a  mineral  from  the  Nussiire  mine  near  Beatgeu,  Dept  of  the  Bhone,  con- 
taining, according  to  Barruel  (J.  pr.  Chem.  x.  10),  7'66  Pb''Cl*  46*50  PVO,  12*30 
Ca'O,  2*44  Fe^O,  1980  F0»,  406  As«0*  and  7*20  silica,  is  probably  an  impiue 
pyromorphite. 

7.  Pyrophosphate  of  Lead,  fb*P*0\TPO  (at  lOO®).— Precipitated  on  adding 
pyrophosphate  of  sodinm  to  excess  of  nitrate  of  lead,  as  a  bulky  white  powder,  imjoluble 
m  water,  acetic  add,  sulphurous  acid,  and  ammonia;  soluble  in  nitric  acid  and  in 
potash  (Schwarsenbe rg).  If  the  pyrophosphate  of  sodium  is  added  in  slight  excess, 
the  precipitate  contains  variable  quantitieB  of  alkali;  a  larger  excess  redissolves  the 
precipitate. 
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ytiosphates  of  'Llftlitmn.  Onlir  the  orthopho^hAtes  are  known. — Monolithte 
orthophaaphate,  Li'H'PO\  is  obtained  by  mixing  one  of  the  two  following  salts  with, 
phosphoric  acid  and  evaporating ;  or  bj  heating  acetate  of  lithium  with  excess  of 
phosphoric  acid,  in  which  case  it  separates  in  rather  large  ei^stals.  It  is  deliqnef?cent 
and  Teiy  soluble  in  water,  forming  an  add  solution  which  is  immediately  precipitated 
by  silTer-salts,  but  not  by  chloride  of  barium  except  on  addition  of  ammonia.  It  does 
not  give  off  any  water  at  100^ ;  but  at  200^  half  the  basic  water  is  evolyed  and  the 
whole  at  a  red  heat^  the  residue  then  consisting  of  metaphosphate  of  lithiumt 

Dilitkic  orthopkogphate  has  not  been  obtained  pure,  but  a  salt  intermediate  between 
this  and  the  trilithic  salt,  via.  Li»HP*0«.H«0  or  Li='HPO*.Li"PO^HK),  is  formed  on  pre- 
cipitating chloride  of  lithium  with  orthophosphate  of  ammonium,  as  a  crystalline  powder, 
which  dissolves  in  200  pts.  of  water,  and  gives  off  half  its  water  of  eiystallisation  at 
100^,  the  rest  at  a  higher  temperature. 

Triliihie  phoaphaU,  2Li*P0^H*0,  is  produced  by  precipitating  a  nentrel  Acetate  of 
lithium  with  di-ammonic  orthophosphate,  or  the  acid  acetate  with  jdiosphate  of 
ammonium  and  free  ammonia ;  also  b^  heating  carbonate  of  lithium  with  not  too  large 
a  quantitj  of  aqueous  phosphoric  aad.  It ^  is  a  white  crystalline  powder,  requiring 
888  pts.  of  water  at  12^  to  dissolye  it  It  gires  off  its  water  of  crystallisation  when 
heated,  but  does  not  f\ue  at  a  red  heat 

Litkkhalumime^tk&Bpkate,  Ii«Al''PK>*^15HK).--Prepared  by  piedpitatinsa  saturated 
solution  of  aluminic  phosphate  in  caustic  potash  with  cmoiide  o£  litluum.  The  washed 
and  dried  precipitate  is  a  white  powder  insoluble  in  water,  easily  soluble  in  acids^ 
and  giving  off  a  large  quantity  of  water  when  heated. 

Amblygonite  (L  164)  is  a  lithio-aluminic  phosphate  having  the  lithium  partly 
replaced  by  sodium,  and  containing  also  fluorides  of  aluminium)  bthium,  and  sodium. 
Rammelsberg  {Mineralchemiet  p.  869),  represents  it  by  the  formula  (6M*0.3F'0'    -t 
SMHy^.ZF^iy)  +   2(MF.A1F*),  where  M  denotes  lithium  and  sodium. 

Triphylline  is  a  phosphate  of  lithium,  aluminium,  iron  and  manganese  (Seep.  678). 

LUkuhammonie  phosphate,  Li'(NH*)PO^  separates  on  mixing  aqueous  phosphate  of 
lithium  with  di-ammonic  orthophosphate  and  slowly  evaporating ;  if  a  portion  of  the 
ammonia  has  been  lost  by  too  rapid  neating,  free  ammonia  must  be  added.  The  salt 
is  granulo-crystalline,  like  ordinary  ammonio-magnesian  phosphate ;  dightly  soluble  in 
water ;  melts  at  a  somewhat  hi^h  temperature,  giving  off  water  and  ammonia,  and 
when  heated  before  the  blow^ip^  is  coloured  blue,  not  red,  by  nitrate  of  cobalt 

lAthio-calcie  phosphate,  LtCa^PO^— Obtained,  like  the  analogous  double  salts,  by 
igniting  1  at  pyrophosphate  of  calcium  with  1  at.  carbonate  of  hthiuM.  It  isinsolllble 
in  water.    (H.  Rose.) 

VhimplULtbB  of  Wimgnemt&aki^a.  Metaphosphates.  I.  The  monometaphos' 
phate,  HgfP'O*,  is  obtained  as  a  white  powder  by  dissolving  carbonate  of  magnesium 
in  aqueous  phosphoric  add,  evaporating  and  heating  the  residue  to  316*^.  It  also  sepa- 
rates from  the  solution  of  impure  phosphoric  acid  obtained  from  bones,  when  stronely 
concentrated.  It  is  insoluble  in  water  and  in  dilute  acids,  and  is  not  decomposed  1^ 
digestion  with  alkaline  carbonates  or  phosphates.    (MaddrelL) 

The  dimetaphoaphate,  Mg>P^0".9H*0,  (or  10H*O),  separates  gradually  from  a  con- 
centrated solution  of  the  corresponding  ammonium-salt  mixed  with  chloride  of  magne- 
sium, in  crystalline  crusts  which  adhere  to  the  sides  of  the  vessel ;  m6re  quickly  on 
addition  of  alcohoL  It  is  insolubliB  in  wAter,  is  decomposed  by  adds,  gives  off  1  at 
water  at  IDO^,  snd  the  whole  without  fusion  at  a  red  heat  The  ignited  salt  is  not 
decomposed  by  digestion  with  alkaline  carbonates.    (Fleitmann.)  ^ 

Hexmetaphcephate. — Ordinary  phosphate  of  sodium  forms  A  p^edpitate  wi^  acetat^ 
but  not  with  sulphate  of  magnesium,  even  at  boiling  heat  The  pred^itate  is  soft  ana 
tenacious  (Graham).  ▲  solution  of  sulphate  of  ma^esium  mixed  with  not  too  huge 
a  quantity  of  sodic  metaphosphate,  forms  with  ammonia  a  predpitate  which.dissolves  in 
sal-ammoniac.    (H.  Rose.) 

Ammonio-mngneaio  meiaphoaphate  (?) — ^When  metaphosphoric  add  is  dissolved  iti 
ammonia  in  a  vessel  which  is  kept  cool,  and  sulphate  of  magnesium  \b  added  in  such 
proportions  as  to  leave  the  ammonium-salt  in  excess,  a  predpitate  is  formed,  consisting 
of  feathery  flocks  which  unite  on  standing  into  a  soapy  mass,  drying  Up  to  a  brittle 
transparent  mass.  This  salt  exhibits  the  characters  of  a  metaphosphate,  but  contains 
according  to  Wach  (Schw.  J.  lix.  297),  a  larger  proportion  of  base,  being  represented 
by  the  formuk  4Mg"0.(NH*)*0.4PK)M6H*0 ;  so  that  it  is  perhaps  a  mixture  of 
metaphosphate  and  pyrophosphate. 

3.  Orthophoaphatea.—a.  Acid  aali.  By  evaporating  a  solution  of  tri-magnesio 
phosphate  in  aqueous  phosphoric  add,  or  by  boiling  the  neutral  phosphate  with  water, 
and  evaporating  the  filtrate,  an  acid  syrup  is  obtained  which  is  rwolyed  by  alcohol  into 


PHOSPHATES  OF  MAGNESIUM. 


669 


the  trimagnesie  salt  and  ftee  phosphoric  acid.  When  a  concentrated  solution  of 
magnesia  in  aqueous  phosphoric  acid  is  mixed  with  alcohol,  an  oilj  liquid  separates 
which  contains  4  at.  magnesia  to  3  at.  phosphoric  anhydride,  and  may  he  represented 
by  the  formula  M^'HPOMM^'H^PW  +  «H*0.  (Kuhn,  Arch.  Pharm.  [2]  lix. 
129.)  ^ 

Dimagnaic  tfalt,  Mg»H*P*0«.14H«0  or  Mg''HP0«.7H«0.— Produced  by  precipitating 
sulphate  of  magnesium  with  excess  of  disodic  orthophosphate.  When  2pts.  sulphate  of 
magnesium  dissolved  in  32  pts.  w&ter  at«  mixed  with  S  pts.  disodic  orthophosphate  dis- 
solved in  32  pts.  water,  the  salt  separates  in  the  course  of  24  hours  in  tufts  of  prisms 
or  needles. 

The  crystallised  salt  forms  small  six-sided  needles,  having  a  cooling  sweetish  tast^e, 
and  sparmgly  soluble  in  water;  1  pt  of  the  salt  dissolves  Aer  long  standing  in  322 
pts.  water;  the  dear  solution  becomes  turbid  when  heated,  from  separation  of  tri- 
magnesie ralty  which  partly  redissolves  on  cooling,  and  on  continued  boiling  a  larger 
quantity  of  the  latter  separates,  while  the  liquid  aoauires  an  acid  reaction.  The  rait 
dissolves  easUy  in  dilute  acids.  The  crystals  effloresce  in  warm  air,  give  off  8  at. 
water  at  100°,  the  remaining  six  at  170^,  and  the  basic  hydrogen  as  water  at  a  red  heat, 
leaving  pyrophosphate  of  magnesium. 

Tnmamusie  or  neutral  salt^  Mg'P'O'.  Formed  by  precipitating  sulphate  of  magne- 
sium witA  trisodic  phosphate,  or  by  boiling  the  dimagnesic  salt  with  water.  It  retains 
6  at.  water  at  100^  (Bammelsberg),  but  becomes  anhydrous  on  ignition.  According 
to  y  dicker  (Rej^  Br.  Assoc.  1862,  p.  169)  100  pts.  of  water  dissolve  00205  nt.  of 
the  recently  pr^dpitaited,  and  0*01  pt  of  the  ignited  salt.  It  is  readily  soluble  in 
adds,  even  after  exposure  to  a  white  heat. 

This  salt  is  of  &^|Uent  occmrence  in  plants,  and  forms  a  considerable  proportion  of 
the  ash  of  the  seed  of  cereal  grassea^  espedally  of  wheat.  It  is  present  in  smaller 
quantity  in  the  bonea  of  animals,  and  forms  the  chief  constituent  of  many  animal 
concretions,  espedally  of  besoar  stobes. 

Wagnerite,a  rare  mineral  found  in  veins  of  quarts,  traversing  day-slate  in  the  valley 
of  Hofiengraben  near  Werfen  in  Saltsburg,  is  a  phosphato-fluoride  of  magnesium,  re- 
presented by  the  formula  Mg'FH)*.MgF'.  It  occurs  in  monodinic  crystals  having  the 
orthodiagonal,  dinodiagonal,  and  prinopal  axis,  as  1*I'046  : 1 :  0*78664,  and  the  angle 
of  the  indined  axes  =  71°  68\  ooP  :  ooP  »  96°  2^;  oP:  JPoo]  »  144®  26'. 
Observed  faces,  ooP,  +P,  -P,  -P2,  +  ^P,  goP2,  [P2],  and  others.  Most  of  the 
prismatic  fiices  are  deepW  striated.  Cleavage,  parallel  to  ooP  and  the  orthodiagonal, 
imperfect;  parallel  to  oP  in  traces.  HarcUiess  =  6  to  6'6.  Spedfio  gravity  of  a 
transparent  crystal  »  3 '068 ;  of  an  opaque  crystal  »  2*986  (Bammelsberg).  The 
crystals  are  ydlow,  of  various  shades,  with  a  vitreous  lustre ;  streak  white;  translu- 
cent. Fracture  uneven  and  splintery  across  the  prism.  Before  the  blowpipe  it  mdts 
with  great  difficulty  and  only  in  thin  splinters,  giving  off  gas-bubbles,  and  forming  a 
neenish-grey  glass;  when  moistened  with  sulphuric  add,  it  colours  the  flame  blue-green. 
With  fluxes  it  gives  a  faint  iron  reaction,  and  mdts  with  carbonate  of  sodium,  effer- 
vescing but  not  dissolving. 

The  mineral  has  been  analysed  by  Puchs  (Schw.  J.  xxxiiL  269)  and  Bammelsberg 
Kith  the  following  results : 


F  P«0»  Mg'O  Ca^O  Fe"0  Mn^O 

a.    «^17  41*73  46*66  .     .  4*60  0*46 

h.      ,  .  41-89  4204  1-66  2-72  0-66* 

e.      .  .  40-23  38*49  4*40  3*31  0*96t 

d.    9-36  40*61  46*27  2*38  469 


99*61  (Fuchs). 
(Bammelsberg). 


103*21 


9» 
$f 


The  formula  3Mg''0.P'0*MgT'  requires  11*73  per  cent  fluorine,  43*83  phosphoric 
anhydride,  37*04  magnesia,  and  7*41  magnesium  (or  49*38  magnesia  in  aU).  The 
lime  in  the  specimen  analysed  by  Bammelsberg  was  present  as  carbonate. 

Lazulite  (iii.  477)  is  a  phosphate  of  magnesium,  iron  (ferrosum),  and  aluminium. 

t.  PAosphates  of  Magnesium  and  Ammonium, — 1.  Ammonio-mtmomagTuHo 
ortkophosphaU  (NH^)'M^'H'P'0".3H*0  separates  in  needle-shaped  crystals  on  mixing 
Warm  and  not  too  dilute  solutions  of  magnesic  sulphate  and  diammonic  orthophosphate^ 
and  leaving  the  liquid  to  cool.  „ 

2.  Amnumio-dimagnemc  Orthophosphate,  (NH<)«Mg«PH)'.12H«0.— This  salt,  the 
ordinary  ammonio-magnesic  phosphate,  is  produced  when  a  magnesium  salt  mixed  with 
sal-ammoniac  is  mixed  with  an  alkaline  orthophosphate  and  free  ammonia,  separating 
immediatdy  from  moderately  strong  solutions  as  an  amo)rphouB  predpitate^  which  sooli 


•  After  deduction  of  9-68  tiltca. 
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becomes  heavy  and  ciyBtalline ;  from  dilate  eoluttons  it  separates  after  some  time  onlj 
in  small  crystals  which  attach  themselves  to  the  sides  of  the  vessel,  especially  on  points 
presenting  any  roughness  or  inequality.  It  separates  in  this  manner  fh>m  extremely 
dilute  solutions,  thus  afibrding  a  veiy  delicate  test  either  for  magnesia  or  for  phos^ 
phone  acid  (iii.  7o2 ;  iv.  642).  The  best  mode  of  obtaining  it  in  distinct  crystals  is 
to  mix  600  pts.  of  hot  water  with  4  pts.  of  strong  ammonia,  and  then  add  7  pta. 
crystallised  phosphate  of  sodium,  2  pta.  sal-ammoniac,  and  4  pts.  sulphate  of  magne- 
sium; the  liquid,  which  is  originally  alkaline^  becomes  neutral  after  the  separation  of 
the  ciystals.    (Graham.) 

This  salt  is  a  frequent  constituent  of  urinary  calculi,  the  so-called  ftisible  calculus 
consisting  almost  wholly  of  it :  it  is  also  found  in  intestinal  concretions,  especially  in 
graminivorous  animals.  It  is  formed  in  the  putre£ution  of  urine,  and  is  predpitated 
therefrom  on  addition  of  ammonia  in  stellate  0ou|>s  of  microscopic  czystsls ;  it  some- 
times separates  spontaneously  even  from  acd  urine  in  three-sided  prisms.  Large 
crystals  of  it  have  been  found  in  some  varieties  of  guano,  namely,  from  Patagonia  and 
from  tSaldanha  Bay  on  the  coast  of  Africa,  and  in  an  old  dung-pit  at  Hamburg ;  this 
native  salt  is  called  StruviU  or  Guanife, 

The  oystals  are  trimetric,  having  the  axes  a:h:  e  «  0*5420 : 1 :  0*6233 ;  those  of 
native  strnvite  are  six-sided  prisms  about  an  inch  long;  exhibiting  the  feces  ooPoo , 
ooPoo ,  ooP3,  Poo ,  {Poo ,  jPao ,  oP,  and  hemimorphous  from  predominance  of  the  free 
odPoo  on  one  side  fTescnemacher,  PhiL  Ma^.  [8]  xzviii.  646. — De  la  Provos- 
tage,  Gompt  rend.  IviiL  442 ;  see  also  Dana,  iL  413).  They  have  a  specific  gravity 
of  1-66— 1*7  ;  hardness  -•  2;  a  vitreous  lustre;  are  transparent  and  often  coloured 
yellowish  by  impurities.  The  artificial  salt  generally  forms  a  fine  crystaUine  powder, 
or  colourless,  translucent,  four-sided  prisms. 

The  salt  is  tasteless  and  slightly  soluble  in  pure  water,  1  pt  of  it  dissolving  in 
15,800  pts.  of  cold  water  acoOTiing  to  Fresenius;  in  13,^  pts.  according  to 
Ebermayer  (Compt  rend,  xxxvii,  360).  In  presence  of  8al««mmoniac  it  is  more 
soluble,  1  pt  of  the  salt  dissolving  in  7550  pts.  of  a  Uqnid  Anntnimng  i  pt^  sal-am- 
moniac in  6  pta.  water  (Fresenius).  In  water  containing  free  ammonia,  on  the 
oontraxy,  it  is  less  soluble  than  in  pure  water,  1  pt  requiring  for  solution  44,000  p»t8. 
of  ammoniaeal  water  (Fresenius).  According  to  £l]«imayer,  the  solubility 
diminishes  as  the  proportion  of  ammonia  in  the  water  increases ;  thus — 


mztaM  coatainiog: 


Water. 


100  pts. 
100 
100 
100 


Aqueous  AmmonU  of  tpedfic  gnrtty  0*961. 


25 
100 
200 
300 


Pure  aqueous  Ammonia  of  specific  gravity  0*961. 


Qnantltiet  rcqairrd  todlMoWe  1  pt. 
of  the  Anbydious  Doable  SalU 


81,000  pts. 

43,000 

45,000 

52,000 

60,000 


The  addition  of  sal-ammoniac  renders  the  salt  more  soluble  also  in  water  containing 
free  ammonia;  phosphate  of  sodium  does  not  appear  to  diminish  thn  solubility. 

The  double  salt  dissolves  easily  in  acids.  At  100^  it  gives  ofi^  10  at.  water  without 
loss  of  ammonia ;  at  a  stronger  heat  the  whole  of  the  water  and  ammonia  escape, 
the  mass  exhibits  a  vivid  glow,  and  pyrophosphate  of  magnesium  remains  behind : 

(NH*)*Mg^O»     «     Mg«PK)'  +  NHV+  H«0. 

y.  Pyropkoaphate  of  Magnesium,  Mg*P*0^3HH)  (at  100°).  This  salt  remains 
in  the  anhydrous  state  when  ammonio-dimagnesic  phosphate  is  ignited. 

The  hydnited  salt  is  obtained  by  precipitating  sulphate  of  magnesium  with  an 
alkaline  pvrophosphate.  The  precipitate  dissolves  in  excess  of  either  of  the  salts 
which  produce  it  the  solutions  becoming  turbid  on  boiling  and  remaining  turbid  when 
cold.  The  precipitated  salt  is  white,  amorphous,  and  bakes  together  in  drying  like 
hydrate  of  aluminium.  It  may  be  rendered  crystalline  by  dissolving  it  in  sulphurous 
Acid  and  boiling  the  solution.  It  is  veiy  slightly  soluble  in  water,  but  dissolves  easily 
in  nitric  or  hydrochloric  acid.    (Schwarzenberg.) 

PHospliates  of  Bfangaiiese.  a.  Mctavhosphate^  Mn'^P'O*.— Produced  by 
evaporating  a  manganous  salt  with  excess  of  phosphoric  acid,  heating  the  residue  to 
316°,  in  the  same  manner  as  for  the  preparation  of  the  corresponding  cupric  salt  (p.  560). 
It  is  reddish  white,  insoluble  in  water  and  dilute  acids ;  docs  not  melt  at  a  red  heat ; 
is  scarcely  acted  upon  by  sulphide  of  sodium  or  ammonium,  even  with  aid  of  heat ; 
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but  is  decomposed  by  digestion  with  carbonate  of  sodium,  yielding  dimetaphospbate  of 
sodium  ;  whence  fleitmann  regards  the  manganous  salt  also  as  dimetaphosphate. 

A  solution  of  manganous  chloride  mixed  with  dimetaphosphate  of  ammonium  and  a 
little  alcohol,  deposits  crystals  of  a  hydrated  salt,  Mn"P*0*.4H'0,  which  is  insoluble  in 
water  and  dilute  acids,  and  gives  off  all  its  water  on  ignition.  It  is  decomposed 
by  heating  with  solphnrie  add  and  by  fluion  with  alkaline  carbonates.  (Fleitmann.) 

0,  Manganic  Ortkopkosphate, — ^When  manganic  oxide  or  finely  divided  pyro* 
lusite  is  mixed  with  aqneous  phosphoric  add,  the  liquid  evaponted  down,  and  the  dry 
residue  finally  heated  nearly  to  redness,  a  violet  substance  is  formed,  whidi  is  resolved 
by  water  into  a  dark  red  solution,  and  a  peach-blossom-coloured  insoluble  powder, 
consisting  of  Mn<0*.8PK)*.2H*0  or  Mn'*T*0'.HK> :  therefore  a  metaphosphate.  The 
red  add  solution  yields  by  evaporation  light  bzown-nd  cxystals  of  variable  com- 
podtion.    (Hermann,  Focg.  Ann.  Ixxiv.  303.) 

Kobell  (J.  pr.  Chem.  Ixsvi  416 ;  Jahresb.  IS69,  p.  666)  xeeommends  manganic 
phosphate  for  use  in  volnmetric  analyds  in  place  of  nermsnganate  of  potasrium,  as 
beinff  more  easily  obtained.    He  prepares  it  by  boiling  aown  a  mixture  of  finely  divided 

SyroTudte  and  aqueous  phosphonc  add,  till  the  reddue  becomes  syrupy  and  assumes  • 
eep  violet-blue  colour;  if  not  too  strongly  heated,  it  dissolves  completely  in  water,  and 
if  dduted  with  six  times  its  volume  of  water,  it  is  as  pennanent  as  a  solution  of  per- 
manganate. It  may  be  titrated  in  the  same  manner  as  the  latter  by  means  of  a  ferrous 
solution. 

y,  ManganouB  OrihopkosphateB, — MonoTnanffanotts salt,  Mn"H*F'0'.2H*0. — 
A  solution  of  one  of  the  two  following  salts  in  aqueous  phosphoric  add  yields  this  salt 
on  evi^ioration  in  small  prismatic  easily  soluble  cxystals,  which  give  off  half  their 
water  of  cfystallisataon  at  120^.  Alcohol  decomposes  them,  abstncting  phosphoric 
acid  and  leaving  the  dimanganous  salt. 

The  cUmanganouM  salt,  ]S£i*H'F'0'.6HH>,  is  obtained  by  adding  disodic  oirthophos- 
phate  to  a  solution  of  manganous  sulphate  acidulated  with  acetic,  hydrochloric,  or 
phoo^horic  add,  till  the  predpitate  be^iins  to  be  permanent;  it  then  separates  on 
standing  in  hard  gpranular  czystals  (Heintz).  It  is  also  obtained  in  the  orstallin^ 
form  by  predpitating  a  manganous  salt  with  phosphate  of  sodium,  mixing  half  the 
liquid  with  free  add  till  the  precipitate  dissolves,  and  then  adding  the  other  half 
(Bo decker) ;  also  by  treating  the  trimanganous  salt  with  half  the  quantity  of  phos- 
phoric add  required  to  dissolve  it. 

The  trimanganous  salt,  ])d!n^P'0'.7H*0,  is  formed  by  predpitating  a  neutral  solution 
of  a  manganous  salt  with  disodic  orthophosphate.  It  is  a  white  amorphous  powder, 
which  dinolves  sparingly  in  water,  easily  in  dilute  adds^  gives  off  4  at.  water  at  100^, 
the  remainder  only  at  a  red  heat. 

Ammonio-fnan^anous  phosphate,  Kn*(NH^)'FK)'.2H*0. — ^This  salt,  analogous  to  the 
ocdinaijr  ammomo-magnesie  salt  dried  at  100^  (p.  670),  is  produced  by  the  action  of 
ammonia  on  recently  predpitated  trimanganous  phosphate,  or  by  predpitating  a  man- 
ganous salt  with  phosphate  of  sodium  in  presence  of  an  ammonium  salt  and  free 
ammonia.  To  obUin  it  oystalliBed,  a  solution  of  manganous  chloride  is  predpitated  in 
a  fiask  with  phosphate  of  sodium ;  hydrochloric  add  is  then  added  till  me  predpitate 
dissolves ;  and  the  solution  is  heated  to  boiling,  and  then  mixed  with  excess  of  ammoniiu 
The  predpitate,  which  is  amorphous  at  firsts  changes  on  standing  for  some  time  in  the 
closed  vessel  into  silveiy  laminae  usually  having  a  reddish  colour.    (Otto.) 

The  salt  is  insoluble  in  water  and  in  alcohol,  easily  soluble  in  dilute  adds:  it  li 
decomposed  by  boiling  with  caustic  but  not  with  carbonated  alkalis. 

FsrrosO'-Tnanganous  Phosphates. — 1.  Triplite,  a  mineral  from  Limoges  in  France^ 

has  the  compodtion  2j^''o  [  -^^^  ^  JmVo  |  •  (Fe*Mn*)^FH)«.  It  occurs  in  imperfectly 

crvstalline  masses,  exhibiting  three  unequal  cleavages  in  directions  at  right  angles  to  each 
other,  therefore  trimetric  Hardness  «  6*6.  Specific  gravity  »  3*44 — 3*8.  It  has 
a  brown  colour,  yellowish  grey  streak,  and  rednous  lustre  inclining  to  adamantine. 
Subtranducent  to  opaque.  Fracture  small  conchoidal.  Contains,  according  to  Berae- 
lius  32-61  per  cent  F^,  81*96  Fe'O,  32*40  Mn'O  and  1*73  Ca'O;  the  formula  requires 
32*61  per  cent.  F»0»,  8417  Fe^O  and  32*40  Mn'U 

Heterosite  (iii.  161)  and  Hureaulite  (iii.  176)  are  hydrated  ferroso-man- 
ganous  phosphates. 

A  ferroso-manganous  phosphato-fluoride  called  Zwieselite,  having  in  fi&ct  the 
composition  of  a  fluorapabte  in  which  the  calcium  is  replaced  by  iron  and  manganese, 
is  found  at  Zwiesel  near  Bodenmais  in  Bavaria,  in  crystalline  masses,  supposed  to 
have  a  hexa^nal  structure  isomorphous  with  that  of  apatite.  It  deaves  distinctly  but 
imperfectly  in  three  directions.     Hardness  —  6.    Specific  gravity  =  3*97.     Lustre 
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greasy.  Colour  dove-brown,  streak  greyish- white.  Fract.ure  ancven  or  imperfect  con* 
cho'idal.  It  has  been  analysed  by  Fuchs  (J.  pr.  Chem.  xviii.  499)  and  Kammels- 
berg  {MineralcAemie,  p.  351),  with  the  following  results : — 

F       P«0»     Fe"0    Mn'O    SiO« 
318    85-60    41-56     2034    068       -       101-36  (Fuchs). 
6-00    30-33    41-42    23-25  «       101       (Rammelsberg). 

Bammelsberg'fl   analysiB    leads     to     the     formula  Ij,^-(){*-^^**^*+^n*(^  ^^ 

(fFe''.JMn'0"P«O«.(|Fe'*iMn''\F«.  which  lequixw  846  per  cent.  F,  3160  P*0»,  42-73 
Fe^O  and  20-77  Mn  0.  Fucns  erroneously  regarded  the  mineral  as  apatite  having  the 
calcium  isomoiphoasly  replaced  by  iron  and  manganese,  and  thence  called  it  tron- 
apatUen 

LUkuhferroao-man^noui  PhaapktUet, — 1.  Triphy lline,th»n Bodenmais  in  Bavaria, 
IS  an  isomoiphous  mixture  of  the  orthophosphates  of  iron,  manflanese,  and  lithium.  It 
mostly  occurs  massive,  but  sometimes  in  tnmetric  crystals,  exhibiting  the  combination 
ooP  .  ool>2  .  oofflo  .  P«o  .  oP.  Anffle  ooP  :  ooP  -  93jo :  oP  :  f oo  -  138<>.  The 
surfaces  however  are  rather  dull,  and  the  angles  not  constant..  Cleavage  parallel  to 
oP,  sometimes  perfect ;  parallel  to  ooP  and  one  dia^nal,  imperfect,  the  latter  least  so. 
fiardneas  ->  5.  Specific  gravity  *  3-6.  Subresinous,  with  greenish  or  bluish-grey 
colour,  and  greyish-white  streak.  Translucent  in  thin  fragments.  It  decrepitates 
slightly  when  heated,  giving  off  a  small  quantity  of  water,  and  acquiring  a  darker 
colour.  Before  the  blowpipe  it  fuses  very  easily  to  a  shining  dark  grey,  magnetic  bead, 
oolouriog  the  flame  bluish-green  and  sometimes  reddish;  with  fluxes  it  gives  the  re- 
actions of  iron  and  manganese.  It  dissolves  readily  in  acids ;  is  imperfectly  decomposed 
by  caustic  potash. 

The  first  three  of  the  following  analyses  of  triphvUine  are  by  Rammelsberg 
(Mineralehemie,  p.  323) ;  the  fourUi  is  of  a  variety  called  teiranhijUine  or  perotDskine, 
firom  Tammela  in  Finland,  by  Berzelins  and  Nordenskiold ;  it  differs  from  the  Boden- 
mais  mineral  in  exhibiting  on  the  fireshly  broken  sur&ce  a  yellow  colour,  gpradually 
becoming  black. 

P»0*  Fe-'O  MnO  LiH)  Na«0  K*0  Ca'O  Mg*0  SiO« 

40-72  39-97  9*80  7*28  145     058    ....     025  >-  10005 

40-32  36-54  905  684  2*51     0*35     0*58     1-97    .    .  «  9816 

44-19  88-21  5*63  7*69  074     004     0*76     239    040  »  10005 

42-6  88-6  121  8*2 1-7      .    .  =  103-2* 

Rammelsberg    deduces  from  this    third    analysis    the   formula    f^i^C*^^- 

2  [f^^Jf^  I  !p«0»,  requiring  44*81  per  cent  PK)»,  3976  Fe'O,  553  Mn^O,  7*37  Li«0 

and  2*53  magnesia.  The  first  two  analyses,  which  gave  larger  quantities  of  base,  he 
supposes  to  have  been  made  on  samples  which  had  perhaps  lost  some  of  their  ticid  by 
weathering,  or  were  mixed  with  small  quantities  of  triplite  (p.  572). 

The  foUowing  minerals  are  supposed  to  have  been  formed  from  triphylline  or 
triplite  by  assumption  of  water  and  oxidation,  the  triphylline  also  sometimes  losing 
its  alkalis. 

'  1.  Black  crystals  from  Norwich,  Massachusetts,  dosely  resembling  triphylline  in 
form  and  cleavage,  but  presenting  considerable  variation  in  their  angles  (for  the  mea- 
6urement8seeDana,3ftmra%^,  ii.  407).  Hardness  «  5*5.  Specific  gravity  »  2*876. 
Streak  brownish-redl  Opaque.  Brittle.  Melts  easily  before  the  blowpipe  with  intu- 
mescence to  a  black  mass.    Mean  of  two  analyses  by  Craw.  (Sill.  Am.  J.  [2]  xi.  99). 

2.  ^//zMZUc^t^,  from  Chanteloub  near  Limoges.  Brown,  cleaving  like  triplite.  Hard- 
ness above  4.  Specific  gravity  b  3*168.  Dissolves  in  hydrochloric  acid  with  evolution 
of  chlorine.    Analysis  by  Dam  our  (Ann.  Min.  [4]  xiii.  341). 

iw6»    I^«0»  rfn»03  MnO  CaO  Na«0  LPO  H*0  S10« 
Norwich  CrpUOi    43*00    26-69    24  00     .    .      1  79    .    .     S-23    2-07    0*80      a      IQO-OB 
Atluaudite  41-25    26-62      1*06    23*06    .    .     6*47    .    .     3*65    0-60      m       99-73 

Bammelsberg  suggests  for  these  minerals  the  formulae : 

(1)  (M«0.P^»).(M^.2PK)»)  +  aq. 

(2)  (M«OJ«0»).2(2fflO»JP'0»)   +  4aq.; 
butr  observes  that  it  is  very  doubtful  whether  they  are  homogeneous. 

.  *  The  exceu  in  this  analysis  Is  supposed  to  have  arisen  from  an  incorrect  detei  mination  of  the 
lithia.  - 
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(3.)  Pseudotriplite,  from  Bodenmais  in  Bayaria ;  probably  formed  by  oxidation  of 
triphylline  and  removal  of  tbe  alkalis  by  water.  Slightly  attacked  by  nitric  acid.  The 
first  of  the  following  analyses  is  by  Fuchs;  the  second  byDelffs  {Samimlsberg*9 
Minerakkemief  p.  332). 

PK>»    Fe«0«  Mi«0»  HK)    SiO« 

35-70    48-n     8*94    5*30     1*40       -       99*61 

35-71     51-00    806    4*52    071       »     100 

SFe^O'  )' 
Hence  may  be  adduced  the  formula  ij^,Q,V  .2F'0*  +  2  aq. 

(4.)  A  mineral  from  Ghantelonb,  sometimes  called  Heterosite  (iiL  151).  Blnish- 
▼iolet  Specific  gravity  »  8*41.  Contains  according  to  BammelBbers,  32*28  percent-. 
PK)*,  31-46  Fe-0*»  8001  Mn>0*  and  6*5  wator,  whence  perhaps  it  is  oonstitated 
according  to  the  formula  5M«0«.3PH)»  +  6  aq. 

8.  Manganou8  Pyrophosphate,  Mii«PK)*.8HK),  at  100®. — Obtained  by  precipita- 
tion as  a  white  amorphous  powder,  which  by  solution  in  sulphurous  acid  and  boiL'ng, 
may  be  conyerted  mto  nacreous  czystaUine  laminae.  It  is  soluble  in  adds  and  in 
ammonia,  insoluble  in  excess  of  the  manganous  salt,  but  easily  soluble  in  the  alkaline 
phosphate,  and  from  this  solution  the  manganese  is  not  precipitated  by  sulphide  of 
ammonium  even  after  long  standing. 

Vliospliates  of  Manmry.  a.  MetaphoBphates. — ^Mercuric  oxide  heated 
with  metaphosphozic  acid,  yields  on  cooling  a  salt  which  crystallises  with  great 
diificul^. 

A  solution  of  mercuric  nitrate^  mixed  with  ordinarjr  vitreous  metaphosphate  of 
sodium,  yields  a  white  precipitate^  which  changes  on  agitation  to  a  thioE,  heavy,  oily 
mass. 

Mercurous  nitrate  yields  in  like  manner  a  dense  white  precipitete,  which  becomes 
resinous  on  boiling,  and  dissolves  in  excess  of  sodic  metaphosphate. 

A  mercurous  metaphosphate  cannot  be  produced  in  the  dry  way ;  for  on  heating 
mercurous  oxide  wiu  phosphoric  add,  mercury  volatilises  and  mercuric  metaphos- 
phate remains  behind. 

/9.  Orthophosphatea. — Tho  ttimereuric  salt,  ]^e'P*0',  is  obtained  as  a  heavy 
whitepowder  by  predpitetiug  mei  curie  nitrate  (not  the  <mloride)with  ordinazy  phosphate 
of  somum ;  tiao  by  digesting  mercuric  sulphate  with  a  solution  of  the  alkaline  phos- 
phate. It  is  insoluble  m  com  water,  soluble  in  adds,  induding  phosphoric  acid ;  also 
in  water  containing  ammonium-salts,  especially  the  diloride,  6  pts.  of  which  dissolved 
in  water  effect  the  solution  of  1  pt  of  mercuric  phosphate.  It  is  decomposed  by 
aqueous  alkalis  and  alkaline  carbonates,  a  small  quantity  of  mercuric  oxide  being 
sometimes  dissolved.  The  dry  salt  melte  when  heated  to  a  dark  yellow  ghiss,  which 
solidifies  to  an  opaque  mass  on  cooling.    (Bandw.  d.  Chem.  vi  375.) 

Trimereurous  Pioa^hate,  Hg'PO^  is  predpiteted,  on  adding  phosphate  of  sodium  in 
excess  to  mercurous  nitrate,  as  a  white  powder,  mostly  amorphous,  but  sometimes  crys- 
I  -(  talline ;  soluble  in  excess  of  mercurous  nitrate ;  insoluble  in  water  and  in  aqueous 
phosphoric  acid ;  resolved  by  boiling  with  water  into  mercuric  phosphate  and  metallic 
mercury ;  decomposed  in  like  manner  by  hydrochloric  add.  When  the  dry  salt  is 
geotl^  heated  in  a  tube  metallic  mercury  escapes,  and  mercuric  phosphate  remains  as 
a  residue,  yellow  while  hot,  white  after  cooling.    (Eandw.) 

Mercurous  Phosphato^mtrate,  Hg70\HgNO'.H*0. — Obtained  by  adding  phosphate 
of  sodiom  to  excess  of  mercurous  nitrate,  as  a  yellow  ciystalline  precipitete  which 
is  not  decomposed  by  washing  with  cold  wat^r.  (Gerhardt^  Ann.  Ch.  Pharm. 
Ixii.  81.) 

y.  Pyrophosphates.^!,  Mercuric  salts,  B^fPH)^  (dried  at  100^).  A  solntaon  of 
mercuric  nitrate  forms  with  pyropho^hate  of  sodium  a  white  predpitete  which 
becomes  yellowish-red  on  further  addition  of  the  alkali-salt,  and  is  converted  by  an 
excess  of  the  latter  into  a  reddish-yellow  basic  compound.  It  is  insoluble  in  water, 
easily  soluble  in  adds,  insoluble  in  excess  of  sodic  pyrophosphate,  quickly  decomposed 
by  potash  (Gmelin).  Mercuric  chloride  is  not  immediatelv  precipit^«d  by  alkaline 
pyrophosphates,  but  after  some  time,  or  more  quickly  when  Jaeated,  a  red  basic  salt  is 
precipiteted.    {Ha7idto,,.yL   398.) 

2.  Mercurous  Ptprophosphate,  HgT^O^HK)  (at  100^).— Mercurous  nitrate  forms 
with  pyrophosphate  of  sodium  a  white  crystalline  predpitate,  insoluble  in  water, 
soluble  when  recently  predpiteted  in  excess  of  the  alkfdine  pyropho^hate,  the  solution 
depositing  a  black  powder  when  boiled.    The  salt  dried  at  100^  is  bladiened  by  solu- 
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tion  of  sodie  pyrophosphate,  but  not  dissolTed.      The  salt  when  ignited  leaves  « 
residue  of  mercurio  metaphosphate.    (Schwa rzenberg.) 

Fliofipliates  of  Molylidennin.  A  solution  of  molybdio  chloride  yields  with 
orthophosphate  of  ammonium,  a  light  red  floocnlent  precipitate,  bnt  the  precipitation  is 
not  complete.  A  filtered  solution  of  molybdic  dioxide  in  aqueous  phosphoric  acid 
leaves,  on  evaporation,  a  red  viscid  maas  consisting  of  an  acta  salt,  soluble  with  red 
colour  in  ammonia ;  but  the  solution  soon  becomes  turbid,  and  deposits  the  greater  part 
of  the  salt;  it  becomes  colourless  on  exposure  to  the  air. 

A  solution  of  molybdous  chloride  forms,  with  disodic  orthophosphate,  a  dark  erej 
precipitate,  soluble  in  excess  of  the  molybdous  chloride.  A  solution  of  molybdous 
hydrate  in  phosphoric  acid  yields,  by  spontaneous  evaporation,  a  dark  purple  deliques- 
cent mass,  the  ammoniacal  solution  of  which  is  dark  brown  by  transmitted,  black 
and  opaaue  by  reflected  light 

PhMptamolybdio  acid  hu  already  been  described  (iiL  1037).  The  yellow  phospho- 
molyb£ite  of  ammonium,  precipitated  on  addinff  a  small  quantity  of  a  soluble  ortho- 
phosphate  to  a  solution  of  molybdate  of  ammonium  mixed  with  nitric  or  hydrochloric 
acid,  contains,  according  to  various  authorities,  firom  3*14  to  3*82  per  cent  PH)*, 
and  91-28  to  92*70  per  cent  MoO".  Zencker  (Jahresb.  1853,  p.  866)  assigns  to  it 
the  formula  (NH«)^0.6(HK).MoO«)  +  2(NH^)H*P0*.  By  mixing  a  syrupy  solution  of 
molybdio  trioxide  in  hydrodiloric  acid  with  a  small  quantity  of  phosphoric  add,  and 
saturating  with  potash,  a  mass  of  crystalline  scales  is  obtained,  consisting  of  a  potas- 
sium-salt, having,  according  to  Zencker,  the  composition  3(EK).MoO*).2KH*P0^9H*0 
(see  iiL  1037  and  iv.  646). 

Vbospbatea  of  StickeL  a,  Metaphoapkate,'Si'TK>*, — ^Obtained  by  evaporating 
a  solution  of  nickel-sulphate  in  phosphoric  acid  and  heating  the  residue  to  316^.  It 
is  a  greenish-vellow  powder,  insoluble  in  water  and  in  dilute  acids,  and  not  decomposed 
by  aqueous  alkaline  carbonates  or  sulphides  even  at  the  boiling  heat^  but  decomposed 
by  heating  with  strong  sulphuric  add  or  by  fiision  with  carbonate  of  sodium. 
(MaddrelL) 

0.  Orthophosphate,  Vi*P*0^.7IPO,—jA^t  peen  precipitate  insoluble  in  water, 
soluble  in  excess  of  the  nickel-salt,  easily  soluble  in  acids;  gives  off  water  and  turns 
yellow  when  heated. 

The  recently  precipitated  salt  dissolves  in  aqueous  ammonia,  and  on  boiling  the 
solution,  or  mixing  it  with  alcohol,  an  ammonio-niekel  phosphate  is  deposited  in 
light  blue-green  or  apple-gieen  flocks.  If  the  alcohol  be  caieftilly  ponrsd  on  the 
solution  so  as  to  form  a  layer  on  the  snzftos^  the  double  salt  is  gradual^  deposited  in 
green  crystalline  grains, 

y.  Pyrophosphate,  Sli'F'O^flH'O  (at  100^),  is  obtained  by  predpitation  as  a 
light  green  powder,  insoluble  in  water,  easily  soluble  in  adds,  and  separating  in  the 
crystalline  state  from  the  solution  in  sulphurous  add  :  it  dissolves  in  ammonia  and  in 
excess  of  sikaline  pyrophosphate,  and  the  nickel  is  precipitated  therefrom  by  snlphide  of 
ammonium. 

If  the  nickel-salt  contains  cobalt  the  cobalt-pyrophosphate  is  deposited  from  the 
solution  in  sulphurous  add  on  boiling,  befon  the  nickel-salt  and  on  mixing  the 
ammoniacal  solution  with  alcohol,  the  cobalt>salt  is  predpitated  alone. 

Vtaospliata  of  Otunlnin.  An  osmious  phosphate  is  produced  by  burning 
phosphide  of  osmium  in  contact  with  air,  or  dissolving  osmious  hvdrate  in  aqueous 
phosphoric  acid.  It  forms  a  dark  blue-green  mass  near^  insoluble  m  cold  water,  but 
soluble  with  green  colour  in  nitric  add. 

Pboapliate  of  Palladlmn.  When  aqueous  phosphoric  add  is  boiled  in  contact 
with  palladium,  part  of  the  metal  dissolves,  and  phosphorous  add  is  likewise  fonned, 
which  reduces  a  portion  of  the  dissolved  palladious  oxide,  so  that  as  the  liquid  cools  a 
film  of  metallic  palladium  forms  on  its  sur£Eu:e. 

Palladious  nitrate  yields  a  light  yellow  predpitate  with  alkaline  orthophoephatee. 

Plioapluiteo  of  Votaaolom.  a.  Metaphosphates. — ^Monopotasde  ortho- 
phosphate  heated  nearly  to  redness  is  converted,  without  melting;  into  the  metaphosphate 
KPO*,  which  melts  at  a  higher  temperature  without  further  alteration  (Graham).  The 
same  salt  is  obtained  by  evaporating  2  pts.  potasnc  chlorate  with  1  pt  of  syrupy 
phosphoric  add,  strongly  ignitmg  the  residue,  and  treating  it  with  water :  the  meta- 
phosphate then  remains  as  a  white  powder  (Maddrell^.  It  is  nearly  insoluble  in 
water,^  but  is  dissolved  by  acids  either  concentrated  or  dilute.  Its  solution  in  acetic 
add  gives  predpitates  with  chloride  of  barium,  acetate  of  lead,  and  nitrate  of  silver. 

The  dmetapho^hatef  K*PH)MPO,  is  prepared  by  digesting  anhydrous  cupric  di- 
metaphosjphate  with  a  solution  of  monosulphide  of  potassium  containing  but  little 
sulphydrate,  and  heating  the  liquid  to  the  boiling  point     On  adding  a  litUo  alcohol  to 
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the  filtrate,  the  dimetaphoephate  simantes  in  the  form  of  a  eoncentmted  solution,  which 
does  Dot  ciystaUise  completely  till  after  some  time.  The  salt  is  soluble  in  1'2  pts.  of 
water  either  hot  or  cold ;  the  solution  has  a  saline,  somewhat  bitter  taste.  At  100^  it 
gives  off  all  its  water  without  any  molecular  alteration  of  the  residual  salt^  but  at  a  low 
red  heat  it  is  converted  into  monometaphosphate,  which  melts  at  an  incipient  white 
heat,  and  solidifies  in  the  ciystalline  form  on  rapid  cooling.     (Fleitmann.) 

MeiaphoaphateB  of  Potauium  and  Ammanium.^-'VniBn  1  at.  dimetaphosphate  of 
potassium  and  I  at.  of  the  eorresponding  ammonium-salt  are  mixed  ana  evaporated, 
the  salt  K*(NH*)F^0>*.2H*0  crystallises  out  first ;  afterwards  a  salt  containing  more 
ammonia^  viz.  K'(NH^)*.P^O'*,  which,  if  thoroughly  purified,  would  probably  exhibit 
the  composition  K(NH^y!PH!)*'.  The  first  salt  contains  the  same  proportion  of  cry- 
stallisatioa  water  aa  dimetaphosphate  of  potassium,  and  girea  it  all  off  at  150°. 
(Fleitmann.) 

0.  OrtJkophosphates, — ^The  numopotassio  or  di-aeid  salt,  KH*PO*,  is  obtained  bv 
mixing  potassic  hydrate  or  caibonate,  or  either  of  the  two  following  salts,  with 
sufficient  aqueous  phosphoric  acid  to  produce  a  slight  add  reaction.  On  evaporating 
the  solution,  the  siut  is  deposited  in  luge  regular  dimetric  crystals,  having  a  pure  acid 
taste,  easily  soluble  in  water,  but  insoluble  in  alcohol.  It  undergoes  no  alteration  at 
200<>,  but  at  a  low  red  heat  it  gives  off  its  water,  and  is  converted  into  meta- 
phosphate. 

The  dipotastio  or  mano-aeid  mU,  K*HP0\  is  produced  by  mixing  aqueous  phos- 
phono  acid  with  a  sufBeient  quantity  of  alkali  or  alkaline  carbonate  to  produce  a  slight 
alkaline  reaction,  and  evaporating.  It  crystallises,  according  to  Benefius,  in  irregular 
forms ;  acoradinff  to  (Sraham  it  is  mioystallisuble.  It  is  easily  soluble  in  water,  in- 
soluble  in  aloohm,  and  is  oonveited  into  pyrophosphate  by  ignition. 

The  tripotasaie  or  netttral  salt,  K'PO^  is  prepjeured  by  igniting  phosphoric  acid  or 
either  of  the  preceding  salta  with  the  requisite  (quantity  of  potassic  hydrate  or  carbonate. 
By  solution  and  evaporation  it  may  be  crystallised  in  neeoles  which  are  veiy  soluble  in 
water,  but  not  deliquescent.  The  dry  salt  is  permanent  in  the  air ;  the  solution  ab- 
sorbs carbonic  acid  (G-raham).  When  strongly  heated  it  melts  to  an  enamel-like  mass. 

BarytihpoUutio  phosphate, — By  igniting  1  at.  iMuytic  pyrophosphate,  Ba^P'O^  with  1 
at.  potassic  carbonate,  a  mass  is  obtained  which,  when  washed  with  water,  yields  a 
solution  containing  potash  and  phosphoric  acid,  while  the  residue  contains  the  salt 
Ba'EPO*,  together  with  a  lazge  quantity  of  tribarytic  phosphata 

Calcio-potasaie  phosphate,  Ca  KE*0\  is  formed  by  igniting  together  equivalent 
quantities  of  potassic  carbonate  and  dicidcic  phosphate.    (H.  Rose.) 

Magnesuhpotassie  phosphate,  MgTKPO^,  obtained  in  like  manner,  is  sparingly 
soluble  in  water,  ana  may  be  completely  washed  with  dilute  aqueous  ammonia. 
(H.  Bose.) 

f.  Pyrophosphates  of  Potassium, — ^The  dipotassie  or  acid  salt,  K'H^P'O', 
is  prepued  by  dissolving  the  neutral  salt  in  acetic  acid,  and  adding  alcohol ;  it  then 
separates  as  a  syrup,  which  must  be  washed  several  times  with  alcohol  to  remove 
the  potassic  acetate,  and  then  dried  over  oil  of  vitriol.  It  is  white,  and  very 
deliquescent.  The  aqueous  solution  is  acid,  and  is  not  decomposed  by  boiling. 
(Schwarsenberg.) 

The  tetrapotassio  or  neutral  salt,  K^O^  is  formed  by  the  ignition  of  dipotassie 
orthophosphate ;  but  the  residue  when  dissolved  in  water  takes  up  basic  water,  and  is 
reconverted  into  orthophosphate.  The  neutral  pyrophosphate  may,  however,  be 
obtained  in  a  permanent  state  by  treating  an  alcoholic  sol'ution  of  potash  with  a  slight 
excess  of  ordinary  phosphoric  acid,  and  afterwards  adding  alcohol  till  the  liquid 
becomes  milky ;  in  the  course  of  24  hours  a  dense  acid  syrup  separates,  which  is  a 
mixture  of  the  di-  and  tetra-potassic  orthophosphates.  The  syrupy  mixture  is  then 
evaporated  to  dryness  in  a  platinum  dish  and  ignited,  whereby  a  mixture  is  obtained 
consisting  of  pyrophosphate  and  metaphosphate  of  potassium,  which  can  readily  be 
separated,  in  consequence  of  the  insolubility  of  the  latter  salt  in  water.  Pyrophosphate 
of  potassium,  after  ignition,  fonns  a  white  fbsed  mass,  which  deliquesces  venr  rapidly 
in  the  air;  its  aqueous  solution  has  an  alkaline  reaction,  and  may  be  boiled  without 
being  converted  into  orthophosphate.  This  change  takes  place,  however,  when  the 
solution  of  the  salt  is  boiled  with  caustic  potash.  TVben  a  syrupy  solution  of  pyro- 
phosphate of  potassium  is  evaporated  over  oil  of  vitriol,  it  solidifies  to  a  brilliant  white 
mass  consisting  of  K^P*0^.3U'0.  One  atom  of  water  is  driven  off  below  100^,  but 
the  salt  is  rendered  anhydrous  only  at  a  temperature  of  800°.     (Schwarzenberg.) 

Ammonio^tassic  pyrophosphate,  2K*(NH*)HP'0'.H*0. — ^This  salt  remains  when 
monopotassic  pyrophosphate  is  saturated  with  ammonia,  and  the  concentrated  solution 
is  evaporated  over  a  mixture  of  quicklime  and  sal-ammoniac.  It  is  white,  deliquescent, 
and  very  soluble  in  water,  fonping  an  alkaline  solution,  which  decomposes  on  boiling. 
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with  oTolution  of  ammonia,  ultimately  leaving  nothing  but  monopotassicpTropboephate. 
(Schwarsenberg.) 

Chrcmico^tasmo  pyr^pkotphate. — Chromic  pyrophoephate  diasolyes  in  excess  of 
potaasie  ppophosphate,  forming  a  green  solution  wbicli  is  not  precipitated  by  anlphydric 
add  or  sulphide  of  ammonium. 

0uprio(hpota89io  pyropkasphate,  CunB['FK)*.H*0  (Persoa). — Cupric  pyrophosphate 
diflsolves  in  excess  of  the  potassic  salt,  but  the  resultins  double  salt  has  not  been 
obtained  in  the  solid  state,  the  solution  when  evaporated  depositing  cupric  pyrophos- 
phate. Persoc  has,  however,  determined  the  composition  of  the  dissolvea  salt  by 
mixing  a  titrated  solution  of  cupric  nitrate  with  a  titrated  solution  of  potassic  pyro- 
phosphate till  the  precipitate  which  is  formed  at  first  redissolves. 

A  piece  ofiron  immersed  in  the  aqueous  solution  of  the  double  salt  becomes  covered 
in  a  few  days  with  microscopic  erystals  of  metallic  copper ;  in  like  manner  sine  pre- 
cipitates the  copper  from  this  solution,  but  slowly  and  impeifiBCtly. 

yboayhate  of  Bliodiiuii.  Bhodic  oxide,  mixed  with  nhosphoiic  add  and  heated 
to  redness,  yields  a  brown  mass,  from  which  water  removes  the  excess  of  add,  but  at  the 
same  time  takes  up  a  portion  of  the  salt,  acquizing  thereby  a  dark  brown  colour, 
changing  to  light  yellow  on  dilution. 

Plios]diates  of  Sttwer.  a.  M€tapho$pha tes. — ^The  dimetaphMphate,  Aj^O", 
is  obtained  by  predpitating  nitrate  of  diver  with  the  corresponding  sodium-saUt  as  a 
crystalline  powder,  or  in  small  distinct  crystals,  according  to  tne  degree  of  concentration 
of  the  solution  used.  It  is  dightly  soluble  in  water,  and  melts  when  heated  to  a  tzana- 
parent  glass,  which  is  iuBoluble  in  water. 

The  trimetapkoaphate,  Ag^FH)*.H*0,  separatee  gradually  from  a  moderately  con- 
centrated mixture  of  silver  nitrate  with  sooic  trimetaphosphate,  in  crystals  apparently 
monodinic,  soluble  in  60  pts.  of  cold  water,  and  separating  unaltered  on  evaporating 
the  solution  addulated  with  nitric  add.  It  gives  off  its  water  at  100^  (not  over  oil  of 
vitriol  at  ordinary  temperatures),  and  when  about  half  the  water  has  gone  off  ^abont 
1^  per  cent)  the  remaining  salt  is  soft,  has  an  acid  reaction,  and  perhaps  consists  of 
hexmetaphosphate. 

The  trimetaphosphate  has  a  f;reat  tendency  to  form  double  salts,  so  that  the  erystals 
obtained  as  above  always  contain  a  certain  (quantity  of  sodium-salt»  unless  a  large  ex- 
cess of  silver-nitrate  has  been  used  in  prepannff  them. 

Bexmetaphosphate,  Ag'PH)*',  separates  in  shining  crTStals  when  oxide  of  silver  is 
melted  wito  excess  of  phosphoric  add  and  the  mass  is  left  to  cool  slowly.  Formed 
also  by  predpitating  a  solution  of  recently  ignited  metaphosphoric  add  in  ice-cold 
water  with  nitrate  of  silver.  It  is  white,  insoluble  in  water,  hiecomes  soft  and  semi- 
fluid at  102^,  and  melts  to  a  transpaxent  glass  at  a  higher  temperature.  It  is  decom- 
posed by  sulphide  of  sodium,  yielding  Graham's  deliquescent  metaphosphate  of 
sodium.  By  prolonged  boiling  with  water,  it  gives  up  part  of  its  add,  and  is  con- 
verted into  a  ropy  mass,  consisting,  according  to  Boselius,  of  3Agf0.2P'0*,  or 
Ag^O". 

3.  Orthophosphates. — ^The  di-^r^enHc  salt,  A^'HPO\  is  produced  by  dissolving 
the  tri-argentic  salt  in  phosphoric  aad,  or  by  mixing  nitrate  of  diver  with  a  large 
excess  of  phosphoric  add  and  evaiK>rating  (Berzeliu  s),  and  often  separates  on  mixing 
a  solution  of  the  tri-argentic  salt  in  phosphoric  add  with  ether  (Scnwarzenberg). 
By  evaporation  of  the  add  solution,  it  is  obtained  in  colourless  crystalline  lamins.  It 
is  immediately  resolved  by  contact  with  water  into  the  tri-argentic  salt  and  free  phos- 
phoric add. 

The  tri^rgentic  salt,  Ag'PO\  is  obtained  by  predpitating  nitrate  of  silver  with  any 
alkaline  orthophosphate.  It  is  a  lemon-yellow  powder,  the  colour  of  which  affords  a 
characteristic  test  for  orthophosphoric  add,  the  other  two  modifications  giving  white 
predpitates  (pp.  638, 639, 642).  It  is  insoluble  in  water,  but  easily  soluble  in  ad(&,  even 
in  acetic  add ;  also  in  aqueous  ammonia,  and  is  deposited  on  evaporating  the  ammoni- 
acal  solution  in  yellow  crystalline  grains.  It  is  blackened  and  decomposed  by  exposure 
to  light,  assumes  a  trandent  dark  orange-red  colour  when  heated,  ana  melts  at  a  strong 
red  heat. 

y.  Pyrophosphate,  Ag«P*0»  or  2AgH).P*<y.— Formed  by  predpitating  nitrate  of 
silver  with  either  add  or  neutral  pyrophosphate  of  sodium,  the  supernatant  liquid 
being  neutral  in  either  case.  It  is  a  white  powder,  of  spedfic  gravity  6*806  at  76°; 
contains  no  water;  fuses  somewhat  below  a  red  heat»  without  any  decomposition,  and 
forms  a  dark  brown  liquid,  which  on  cooling  solidifies  to  a  white,  radiated  mass ; 
assumes  a  reddish  colour  on  exposure  to  light.  When  boiled  with  ordinary  phosphate 
of  sodium,  it  is  immediately  decomposed,  yielding  yellow  tri-aigentic  phosphate  and 
aqueous  pyrophosphate  of  sodium :  probably  in  this  manner: 

3AgT«0»  +  4Na*HP0*     «     4Ag«P0*  +   NaTK>'  +   2Na«H«P«0». 


PHOSPHATES  OF  SODIUM.  577 

According  to  this,  the  water  should  contain  hoth  mono-  and  di-sodic  pyrophosphate, 
I^yrophosphate  of  silver  dissolves  readily  in  cold  nitrio  acid;  but  when  boiled  with 
either  nitric  or  sulphuric  add,  it  is  converted  into  the  orthophosphate,  so  that  the  so- 
lution gives  a  yellow  precipitate  on  addition  of  ammonia.  Aqueous  hydrochloric  acid 
converts  it  into  chloride  of  silver  and  £^  phosphoric  add.  It  dissolves  with  tolerable 
ftdLty  in  ammonia,  and  is  thrown  down  unchanged  by  adds.  It  is  insoluble  in 
acetic  add,  and  not  altered  by  boiling  with  water  (Stromeyer)^  insoluble  in 
solutions  of  the  pyrophosphates;  very  slightly  soluble  in  silyer-nitrate.  (Schwar- 
senberg.) 

t.  FUUmaim  and  Henneberg's  JSiltfer^koapkatea, — ^Theee  salts  are  obtained  by 
predpitating  the  corresponding  sodium-salts  (p.  637)  with  nitrate  of  silver.  The  salt 
Ag^O"  or  3AgK).2PK)*  dissolves  in  a  large  excess  of  the  sodium-salt ;  it  is  insoluble  in 
water,  but  is  decomposed  by  prolonged  washing  with  water,  phosphoric  add  dissolving 
out  It  melts  at  a  moderately  high  temperature.  It  is  perhaps  identical  with  the  salt 
which  Berzelius  obtained  by  prolonged  boilingof  di-aigentic  phosphate  with  water  (p.  676). 

The  salt  Agi*P>*0»  or  6AgH).6F>0*  is  eadly  soluble  in  excess  of  the  corresponding 
•odium-salt 

VliosyiiatMi  of  go^Hnm.  a.  Metaphotpkatea,  nNaPO*. — Salts  having  this 
oompodtion  obtained  by  ignition  of  disodic  pyrophosphate,  Na'HTH)',  or  monosodic 
orthophosphate,  NaH'PO',  or  sodio-ammomc  orthophoif^hate  (microcosmic  salt), 
Na(NH*)HPO^  and  most  advantageously  from  the  last-mentioned,  which  is  easily  pre- 
pared pure.  The  resulting  metaphosphates,  as  first  shown  by  ciraham,  exhibit  con- 
nderable  divernty  of  diancter,  according  to  the  degree  of  heat  applied  and  the 
quickness  or  slowness  of  the  rate  of  cooling — dif^nces  which,  as  already  observed, 
are  attributed  to  polymeric  modifications  (p.  688). 

Monosodic  pyrophosphate  and  orthophoephate,  when  heated  for  some  time  to  200^ 
— 260^,  give  off  nearly  all  thebr  water  of  crystallisation,  and  the  remaining  salt,  after 
being  heated  to  about  816°,  retains  scarcely  one-third  per  cent  water.  If  it  be  then 
treated  with  water  after  cooling,  the  greater  part  dissolyes  as  pyrophosphate,  while  a 
small  Quantity  of  metaphosphate  remains  behind.  After  the  salt  has  been  heated  more 
strongly  and  for  some  minutes  to  near  redness,  the  residue  is  for  the  most  part  inso- 
luble, and  consists  of  mono-metaphosphate.  When  strongly  ignited  it  melts,  and 
after  very  slow  cooling  yields  a  dystallisable  salt  oontaininff  sodic  tri-metaphos- 
phate ;  by  rapid  coo&g,  on  the  other  hand,  it  is  converted  mto  vitreous  hexmeta- 
phosphate.  In  like  manner  microcosmic  salt,  when  exposed  to  a  gradually 
increasing  temperature,  first  gives  off  crystallisation-water  and  ammonia,  leaving  a 
very  add  soluble  salt,  consisting  chiefly  of  disodic  pyrophoephate;  but  on  increasing 
the  heat,  more  water  goes  off,  and  there  remains  a  metaphosphate  which  melts  at  a 
red  heat — ^Bimetaphosphate  and  tetrametaphosphate  of  sodium  are  obtained  from  the 
corresponding  copper  and  lead-salts  by  double  decompodtion. 

1.  The  monometaphoaphaU,  NaPO*,  obtained  as  above,  or  by  ftising  2  pts.  nitrate  of 
sodium  with  1  pt  of  syrupy  phosphoric  add  at  a  strong  heat,  and  wasning  out  the 
product  with  cold  water,  is  a  dense  white  powder,  nearly  insoluble  in  water,  even  at 
the  boiling  heat,  but  easily  dissolyed  by  adds  (Maddrell).  By  boUing  with  caustic 
alkalis  it  is  slowly  converted  into  orthophoephate. 

2.  Dimetaphosphate,  Na'P'0'.2H'0. — Obtained  by  digesting  cupricdimetaphosphate 
(p.  660)  with  a  warm  solution  of  monosulphide  of  sodium,  filtering  when  the  somtion 
retains  only  a  slight  alkaline  reaction,  evaporating  in  contact  with  the  air,  dissolving 
the  reddue  in  water,  and  gradually  adding  an  equu  volume  of  alcohol  of  80  per  cent. 
It  then  separates  in  concentric  groups  of  long  needles.  This  salt  dissolves  in  7'2 
pts.  water,  either  hot  or  cold,  forming  a  neutral  solution,  which  may  be  kept  for  months 
without  alteration  in  the  cold,  but  is  converted  by  prolonged  boilmg  into  orthophos- 
phate  without  passing  through  the  intermediate  stage  of  pyrophosphate.  It  gives  off 
all  its  water  at  100° ;  the  dry  salt  absorbs  water  from  the  air,  and  becomes  hot  when 
mixed  with  water.  It  separates  unaltered  from  a  solution  in  caustic  soda  on  evapora- 
tion, and  from  solution  in  hydrochloric  acid  on  addition  of  alcohol ;  but  when  heated 
with  adds,  espedally  witJ^  strong  sulphuric  add,  it  yidds  orthophosphoric  acid. 
(Fleitmann.) 

SoduMimmonic  IHmetapAosphaie,  Na(NH*)P'0'.]PO,  crystallises  on  adding  alcohol 
to  a  solution  of  the  dimetaphosphates  of  sodium  and  ammonium  in  equivalent  propor- 
tions. The  crystals  rf«emble  those  of  the  sodio-potassic  salt,  are  less  soluble  in 
water  than  di-metaphosphate  of  ammonium,  but  more  soluble  than  the  sodium-salt 
It  nves  off  its  water  at  1 00^.     (Fleitmann.) 

aoduh-potasaic  dimctaphosphatrf  NaKP*0*.H'0,  separates  as  a  crystalline  powder  on 
mixing  tiie  concentrated  solutions  of  the  component  salts  in  equivalent  proportion ;  also 
on  mixing  the  potassium-salt  with  chloride  of  sodium,  or  the  sodium-sm  with  chloride 
of  potassium.    Dilute  solutions  yield  the  double  salt  in  larger  crystals  by  spontaneous 
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eTApamtion.  It  dissolves  in  24  ptB.  of  oold  water.  The  OTStals  do  not  ave  off  all 
their  water  of  czTstedliBation  at  150°;  at  higher  temperatures  the  salt  m^ts,  and  is 
converted  on  cooling  into  transparent  easily  solnble  hezmetaphoephate.  (Fleitmann.) 
BodUhargentie  d^netaphospkate,  NaAgP*0',  separatee  gnidnally  from  a  solntion  of 
sijver-nitrate  mixed  with  excess  of  the  sodium-salt,  in  beautifdl,  transparent,  monodi- 
nic  crystals.  When,  on  the  contrary,  an  excess  of  silver-nitrate  is  nsed,  smaller  cry- 
stals are  obtained  consisting  of  pure  argentic  dimetaphosphate.  (Fleitmann  and 
Henneberg.) 

3.  Tnmttapho9phaU  of  Sodium,  Na*PH)*.6HK)  or  8Na«0.3P«0*.12HK)  (crystal- 
lisable  metaphosphate),  is  formed  by  exposing  microoosmic  salt  to  a  moderate  heat 
(Graham),  or  by  slow  cooUng  of  the  strongly  heated  and  ftased  salt  (Fleitmann 
and  H  e  n n  eb e r g).  A  considerable  mass  of  the  salt,  left  to  cool  very  slowly,  becomes 
beautifully  crystalline,  and  if  then  dissolved  in  a  moderate  quantity  of  warm  water, 
yields  a  milky  liquid,  which  separates  on  standing  into  two  layers,  the  larger  of  which 
yields  the  ciystatline  salt  on  evaporation.  The  &iest  crystals  are  obtained  by  leaving 
the  concentrated  solution  to  evaporate  in  shallow  vessels.  The  crystals  are  oblique 
rhombic  prisms,  having  a  cooling  saline  taste,  soluble  in  4*6  pts.  of  cold  water, 
aparingly  soluble  in  aqueous  alcohol,  insoluble  in  absolute  alcohol.  The  aqueous  soln« 
tion  is  permanent  in  the  cold,  but  turns  acid  on  boiling,  and  is  quickly  converted  into 
acid  orthophosphate ;  the  same  change  is  more  quickly  produced  by  dilute  acids.  The 
dystais  do  not  melt  in  their  water  of  czyHtaUisation  when  heated.  At  100°,  or  in 
vacuo  over  oil  of  vitriol,  they  give  off  ^|  of  their  water,  the  last  portion  being  expelled 
only  at  a  much  higher  temperature^ 

Trimetaphosphate  of  sodium  forms  soluble  double  salts  with  the  two  corresponding 
salts  of  tJie  alkaline  earth-metals  and  the  diatomic  heavy  metals. 

^  

Sodio-barytic  trimetaphosphate,  Na'Ba*P'0".H*0,  separates  in  stellate  groups  of 
crystals  from  a  filtered  solution  of  1  pt.  chloride  of  banum  and  2  to  3  pts.  trimeta- 
phosphate of  sodium.  It  is  somewhat  more  soluble  in  water  than  the  pure  barium-salt 
(p.  653).  The  crystals  dve  off  5  at.  water  at  100°,  the  rest  without  tume&ction  at  a 
stronger  heat.  The  slightly  ignited  unfosed  mass  is  insoluble  in  water,  but  becomes 
•asily  soluble  after  fusion. 

4.  Tetrameiaphosphate  of  Sodium,  Na^P*0«  with  8  or  4  at  H«0,  or  4Na«0.4P«0*  with 
6  or  8  at.  H'O. — This  salt  is  prepared  by  digesting  the  corresponding  lead-salt  with 
monosulphide  of  sodium.  The  action  takes  ^ace  quickly  and  with  rise  of  temperature, 
the  mixture  swelling  up  and  solidifyine  to  a  coherent  elastic  cake  consisting  of  sodic 
tetrametaphosphate  mixed  with  finely  divided  sulphide  of  lead,  and  tiie  liquid 
remaining  gummy  even  when  diluted  with  100  times  its  bulk  of  water,  so  that  it  can 
scarcely  be  filtered.  By  adding  alcohol  to  the  dilute  solution,  the  salt  is  precipitated 
as  a  colourless  elastic  ropy  mass,  like  caoutchouc.  The  solution  is  neutral,  and  dries  up 
by  spontaneous  evaporation  to  a  transparent,  fissured,  non-hygroscopic  mass.  The 
salt  melts  when  heated,  and  is  converted  into  hexmetaphosphate  of  sodium. 

Tetrametaphosphate  of  sodium  forms,  with  the  salts  of  the  alkaline  earth-metals, 
insoluble  elastic  compounds,  which  by  prolonged  contact  with  water  are  converted  into 
orthophosphates.    (Fl  e  i  tm  a  n  n.)  ^, 

Soduhcuprie  tetrametaphoephate,  Na*Cu'P*0**,  is  obtained  by  mixing  the  dimeta- 
phosphates  of  copper  and  sodium,  adding  one-fourth  as  much  free  phosphoric  acid  as 
the  two  salts  togeUier  contain,  evaporating,  and  heating  the  dry  residue  to  300°. 

Sodto-magneeie  metaphos^hate,  Na'Mg^PMD". — ^When  phosphoric  acid  prepared 
from  bones  and  freed  f^m  lime  and  sulphuric  acid  (p.  580)  is  evaporated  down,  and 
then  heated  for  some  time  to  310°,  metaphosphate  of  ma^esium  separates  out  first, 
and  then,  after  longer  heating,  the  sodio-magnesic  salt,  as  a  white  powaer,  insoluble  in 
water,  hydrochloric  acid  and  nitromuriatic  acid,  and  soluble  only  in  strong  sulphuric 
acid  (Maddrell).  This  salt  has  the  composition  of  a  di-  or  tetrametaphosphate,  but 
the  particular  modification  to  which  it  belongs  is  not  exactly  known. 

When  sulphate  of  cobalt  is  heated  to  316°  with  impure  phosphoric  acid  containing 

sodic  metaphosphate.  A  double  salt,  containing  Na*Co*PH)»*,  separates  as  a  powder  of 
a  fine  rose  colour,  insoluble  in  water  and  in  acids,  even  in  strong  sulphuric  add.  A 
mckel'salt  of  analogous  composition  is  obtained  in  like  manner  as  a  greenish  powder, 
soluble  only  in  strong  sulphuric  acid. 

6.  Hexmetaphosphate  of  Sodium,  Na*P«0"  or  GNa'CePO*  {deliquescent  or  vitreous 
metaphosphate  ;  G  r  a  h  a  m's  metapJiosphate).  This  salt,  obtained  by  rapid  cooling  of  the 
melted  mass  (p.  677),  forms  an  amorphous,  colourless  glass  which  quickly  absorbs 
moisture  from  the  air  and  deliqiiosces.  It  dissolves  easuy  in  water  and  in  alcohol, 
forming  slightly  acid  solutions.  When  dried  in  the  air  at  30°,  it  becomes  viscid  and 
dries  up  to  a  transparent  gum.  The  salt  dried  in  vacuo  contains  1  at.  soda  to  more 
than  1}  at.  water  (or  I  at.  Na  to  1^  at.  H.),  and  it  still  retains  1  at  water  after  drying 
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at  100^,  bat  IB  then  conTerted  into  diiodic  pyrophosphate,  Na'H'P'O'.  The  aqueous 
solution  does  not  undergo  any  change  either  in  the  cold  or  when  boiled  either  alone  or 
with  caustic  soda.    (Graham.) 

8odio-ammoniG  Hexmetapkoiphate. — ^When  the  solution  of  the  salt  just  described  is 
eraporated  with  sal-ammoniac  and  then  mixed  with  alcohol,  this  double  salt  separates 
as  a  syrup,  which  may  be  purified  by  eolation  in  water  and  reprecipitation  with 
alcohoL  ft  contains  soda  ana  ammonia  in  pn^portions  Tarying  between  1 :  1  and  6  :  1. 
(Fleitmann.) 

fi.   Ortkophosphate$  of  Sodium.— The   monowdie  salt,    NaH*PO«.}PO    - 

2g«Q[F'C>*.2H*0,  is  obtained   by  mining  the  solution  of  the  disodic  salt  with 

phospnoric  add  till  it  no  longer  precipitates  chloride  of  calcium.  The  solution  con- 
centrated and  cooled  deposits  the  salt  in  rather  large  ciystaU  belonging  to  the  trimetric 
system.  The  more  ordinary  form  has  the  axes  a  :  6  :  o  —  0'9342  :  1  :  0*9573.  Angle 
ooF :  ooP  -  86<»  6';  I'm  :  Foo  (basal)  »  91^  24\  The  dominant  combination  is 
odF  .  oP  with  the  fiices  Poo ,  P,  oof'ao ,  and  others  subordinate.  Sometimes,  however, 
the  salt  crystallises  in  another  form,  also  trimetric  and  iaomorphous  with  monosodic 
arsenate,  NaH*AsO^H*0.  In  this  form  the  axes  a\b  :  c  »  0*8170  :  1  :  0-4988. 
Angle  P  :  P  (brachyd.)  -  133®  48' :  P  :  P  (macrod.)  -  122®  38' ;  P  :  P  (basal)  = 
76<»  38* ;  ooP  :  ooP  =  78o  30' ;  f «  :  f «  (basal)  -  53®  7' ;  2f  oo ,  2^00  (basal)  « 
83°  59*.  Principal  fiioee  goP,  P,  with  I»ao  and  2Pqo  subordinate.  The  salt  is  thcfe- 
fine  dimorphous  (Kopp).  By  rapid  crystallisation  of  a  strongly  concentrated  solu- 
tion, or  from  a  solution  of  the  disodic  salt  mixed  witli  nitric  acid,  it  separates  in 
ciystals. 

The  ciystallised  salt  has  a  specific  graTi^  of  2*040.  It  gives  off  all  its  crystallisa- 
tion water  at  100°,  melts  at  204°,  giving  off  1  at  basic  hydrogen,  and  being  eonvert^ni 
into  pyrophosphate,  and  at  236°  it  ^ves  off  the  last  atom  of  hydrogen,  leaving  a 
residue  of  metai^osphate.  It  is  easily  soluble  in  water,  insoluble  in  alcohol.  The 
solution  forms  a  jeilow  precipitate  with  silver-nitrate,  but  the  precipitation  is  not 
complete,  as  the  nitric  acia  which  is  set  fiwe  holds  a  portion  of  the  silver  phosphate  in 
solution. 

Diiodie  OHkophoaphate  or  Monoaeid  Phosphate  of  Sodium,  Na*HPO«  or    ^f^^  |  P>0^ 

also  called  ordinary  or  neutral  phosphate  of  soda;  salmirabUe  perlatum. — This  salt  occurs 
in  the  blood,  especially  in  that  of  poultry,  and  in  urine.  It  is  easily  prepared  by  adding 
caustic  soda  or  sodic  carbonate  to  orthophosphoric  acid  till  the  liqmd  becomes  slightly 
alkaline.  It  is  obtained  in  larger  quantities  from  bone-phosphoric  acid,  which  for  this 
purpose  must  be  free  firom  excess  of  sulphuric  add,  but  may  contain  lime  or  maffuesia ; 
8  pts.  of  burnt  bones  are  digested  for  about  24  hours  with  2  pts.  sulphuric  acid  and 
24  pts.  water ;  the  resalting  paste  is  washed  with  warm  water,  and  the  liquid  is  mixed 
with  Buflident  carbonate  of  sodium  to  produce  a  sliffht  alkaline  reaction.  The  lime  and 
magnesia  are  thereby  predpitated  as  trimetallic  phosphates,  any  arsenious  or  arsenic 
add  that  may  be  present  being  predpitated  at  the  sapie  time.  The  solution  is  then 
evaporated  to  the  crystallimng  point,  the  more  soluble  foreign  salts  remaining  in  solu- 
tion, and  the  crystals  of  disomo  orthophosphata  which  separate  are  purified  by  solution 

and  recrystaUisation.  

The  crystals  thus  obtained  contain  12  or  24  at.  water    -    Ka'HP0^.12HK)  or 

^PQ  >  P'0*.24H*0.    They  are  monodinio  prisms,  having  the  axes  a:  b:  0  ^  0*6773  : 

1  :  0*8211.    Angle  of  inclined  axes   -   68°  80'.   ooP  :  odP  (orthod.)    -   112°  10'; 

+  Poo  :  0  -  70°  42';   +  2Pqo  :  c  -  87°  17' ;  oP  :  ooF  -  78°  S*.     Ordinary  combination 

odP  .  oP  .  +F.  +2Pao,like  figure  296  (Cbtbtalloob^fht,  ii.  164).     Isomorphous 

with  disodic  arsenate,  Ka*HAsOM2H'0.  The  crystals  are  larger  and  better  developed 

when  thejr  contain  a  small  quantity  of  sodic  carbonate. 

A  solution  of  the  salt  left  to  evaporate  at  33°  deposits  crystals  containing  Na*HPO\ 

7HH)  or    JQ2Q  >PH>^.14H*0.    These  crystals  are  monoclinic,  having  the  axes  a:  b:  e 

e  0*8271  :  1 :  1-099.  Angle  of  inclined  axes  »  83°  0'.  Angle  ooP  :  ooP  (orthod.) 
«  101°  14';  ooP2:  ooP2  (orthod.)  =  62°;  +P00  :  c  =  46°  27';  oF  :  ooP  - 
86°  34'.  Combination  ooP .  oP  .  oePoo  .[ooPoo].  +P  .  -P  .  +  Poo.  Cleavage 
parallel  to  oopoo .  The  crystals  are  isomorphous  with  those  of  the  corresponding  some 
arsenate,  Na*HA80*.7HK).    They  do  not  eMoresce  on  exposure  to  the  air. 

The  crystals,  Na'HP0M2H>0,  have  a  spedfic  ^avity  of  1*626  (Schiff,  Jahresb. 
1869,  p.  10);  they  melt  in  their  water  of  crystallisation  at  36°,  and  the  salt  after  fusion 
and  solidification  has  a  specific  gravity  of  1*586  at  8^.  The  crystals  expand  in  the  mtio 
of  1  :  1*001  between  0°  and  20° ;  and  of  1 :  1006  between  0^  at  35^;  at  the  moment  of 

pp2 
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fhsion  the  volume  increaeeB  by  5*1  per  cent,  so  Uiat  the  Tolnme  of  the  liquid  salt  at  35® 
is  to  the  original  yolume  at  0®  as  1*066  :  1  (H.  Kopp,  Jahresb.  1855,  p.  45).  The 
ciystals,  when  exposed  to  the  air  at  ordinary  temperatures,  effloresce  without  disinte- 
grating ;  at  a  gentle  heat,  even  at  80^ — 40°,  and  likewise  in  vacuo  over  oil  of  vitriol, 
Uiey  ^aduftlly  give  off  all  their  water  of  oystallisation,  and  the  anhydrous  salt,  if  ex- 
posed to  moist  air,  gradually  takes  up  7  at.  water.  The  specific  gravity  of  the 
anhydrous  salt,  Na*HPO^  is  1*619  (Schiff).  When  heated  to  redness  it  gives  off  ito 
basic  hydrogen  and  is  reduced  to  neutral  sodie  pyrophosphate. 

The  ciys^ls  with  12  (or  24)  at.  water  dissolve  in  4  pts.  of  cold  and  2  pts.  of  hot 
water ;  a  boiling  saturated  solution  contains  112  pts.  of  me  crystallised  salt  to  100  pts. 
water,  and  boils  at  106*6  (Liebig).  According  to  Ferrein  (Jahresb.  1858,  p.  117) 
1  pt  of  the  crystallised  salt  dissolves  in  11*73  pta  water  at  13°,  and  the  salt  is  soluble 
in  almost  all  proportions  of  boiling  water.  According  to  Neese  (Jahrosb.  1868» 
p.  180),  1  pt.  of  the  salt  dissolves  in  6*7  pts.  water  at  15°,  in  5*8  pts.  at  20^,  and  in 
3'2  Dts.  at  25°.  The  solution  saturated  at  15°  does  not  deposit  any  crystals  after 
stanoing  for  eighteen  hours  at  12°.  Hence  Neese  regards  Liebig^s  statement  regarding 
the  solubility  of  the  salt  as  more  correct  than  that  of  Ferrein;  Wittstein  (Arch.  Pharm. 
cxv.  43)  rf^urds  the  latter  as  the  more  exact. — ^The  7-  or  14-hydrated  salt  Na'HFO*. 
7HK)  or  2Na*0.HK)J»'0*  +  14  aq.  dissolves,  according  to  Neese,  in  8  pts.  water  at  23°. 
According  to  Foggiale  (J.  Pharm.  [3]  xliv.  273;  Jahresb.  1863,  p.  181^  100  ^ts. 
water  at  various  temperatures  dissolve  the  following  quantities  ox  the  salt  dned 
at  100°:— 


Temperatares. 

0° 
10 
20 
80 
40 
50 


Weight  of  salt 
NaSHPO^  dfiiolvad. 
1*55 
4-10 
11*08 
19-95 
30-88 
43*31 


Temperatorei 

60° 

70 

80 

90 
100 
106*2 


Weight  of  Mlt 
Ma*HPO«  dissolved. 

55-29 
68*72 
81*29 
95*02 
.  108*20 
114*43 


According  to  Schiff  (Ann.  Ch.  Pharm.  cviiL  326;   Jahresb.  1858,  p.  38)  the 
densities  of  solutions  of  various  strengths  are  as  follows  :— 


Percentage  of  Na2HPOM8H>0 
in  aolutiOD. 


Denilty  of  aolotlon 
at  19°. 


10*59 
6*99 
5*29 
4-66 
3*50 
2*33 
116 


10442 
10292 
1*0220 
1*0198 
1-0160 
1*0114 
1*0067 


Ordinary  uhosphate  of  sodium  has  a  cooling  saline  taste,  not  so  unpleasant  as  that  of 
Glauber^s  salt>  and  is  often  used  instead  of  the  latter  as  a  purp;ative.  The  commercial 
salt  frequently  contains  small  quantities  of  sulphate  and  duonde,  also  traces  of  arsenic 
derived  from  the  sulphuric  acid  used  in  its  preparation  from  bones. 

THsodio  orthophaaphate,  Na»P0M2H«0  or  3NaH).PK)».24H«0.— This  salt  is  ob- 
tained by^  mixing  a  solution  of  tbe  preceding  with  caustic  soda  and  evaporating  to  the 
ciystaUising  point ;  or  by  igniting  dry  disodic  orthophosphate  or  pyrophosph^  with 
the  requisite  qjuantity  of  some  carbonate,  dissolving  the  mass  in  watw,  and  crystallising. 
It  may  be  punfled  by  recsystallisalion  from  2  parts  of  boiling  water. 

The  crystals-  are  thin  six-sided  prisms  with  truncated  end-nces ;  they  have  a  specific 
gravity  of  1*618  (Schiff);  are  permanent  in  dry  air;  melt  in  their  water  of  crys- 
tallisation at  77°.  The  salt  dried  at  100°  still  retains  1  at.  water  (out  of  24  &U), 
which  it  gives  off  only  at  a  red  heat    It  does  not  melt  even  at  a  full  red  heat^  but  attacks 

Slass  strongly  at  that  temperature.    The  crystals  dissolve  in  5  pts.  water  at  15°.    The 
ensities  of  solutions  of  various  strengths  are,  according  to  Schiff  (Ann.  Ch.  Pharm. 
exiii.  183;  Jahresb.  1859,  p.  41),  as  follows  :-i- 


Percentage  of 
Na>PO*.llH«0. 


22*03 

17*60 

11-00 

8-80 

4*40 


Denilty  of  solution 
at  lb". 

1*1035 

1*0812 

1-0495 

1-0393 

10193 


The  solution  when  exposed  to  the  air  absorbs  ca:(bonic  acid,  which,  as  w^U  as  other 
weak  acids,  abstracts  the  third  atom  of  base.    Chlorine,  bromine,  and  iodine  likewise 
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act  upon  the  third  atom  of  soda  as  on  free  soda.    When  a  nentral  sUver-Bolution  is 
prccipitat«d  by  trisodic  phosphate,  the  liquid  remtuns  nentral. 

Phosphato-fiuoride  of  Sodium^  NaTO^NaF,  is  produced  by  fusing  together  4  pts.  of 
disodic  pyrophosphate,  2}  pts.  sodic  carbonate,  and  1  pt.  fluor-spar,  and  disesting  the 
fused  mass  with  warm  water ;  also  by  digesting  pulyerised  cryolite  for  seTenI  days  with 
a  solution  of  ordinary  phosphate  of  sodium  and  caustic  soda,  and  leaving  the  solution  to 
evaporate ;  or  by  mixing  a  solution  of  fluoride  of  sodium  with  ordinary  phosphate  and 
caustic  soda.  JSither  of  these  solutions,  after  ooneentration  over  the  water-bath, 
deposits  the  phosphato-fluoride  in  hard,  limpid,  regular  octahedrons  modified  with 
faces  of  the  cube  and  rhombic  dodecahedron.  It  1^  a  specific  gravity  of  2*2165  at 
25°,  dissolves  in  8'31  pts.  water  at  25^^  (the  solution  having  a  density  of  1*0329),  and 
in  1*74  pts.  water  at  70°  (specific  gravity  of  solution  «»  l'^^^)*  '^^  solution  when 
boiled  down  deposits  fluoride  of  sodium  (Briegleb,  Ann.  Oh.  Pharm.  zcvii  95; 
Jahresb.  1855,  p.  338). 

Na«0   \ 

SoduHmmame    OrihophoBphate,   Na(NH«)HP0«.4HK>    or    (NH')H)  >PH)*.8H*0. 

H*0  J 
Phospkonu-salt,  Mieroeosntio  wdt,  Sal  wrina  noHvum  s.  ftmbile, — This  salt  occurs 
abundantly  in  human  urine,  at  least  after  putrefaction,  and  may  be  prepared  there- 
from ;  it  18  found  also  mixed  with  the  carbonates  and  phosphates  of  calcium  and 
magnesium  in  guano  fromlchaboe;  the  salt  from  this  source  is  called  stercorite 
by  Herapath.  It  is  formed  on  mixing  disodic  orthophosphate  wiUi  phosphate  of  ammo- 
nium or  other  ammoniacal  salt^  or  monosodic  orthophosphate  with  ammonia,  and  may 
be  easily  prepared  by  dissolving  5  pts.  of  ordinary  crystallised  disodio^orthophosphate, 
and  2  pts.  phosphate  of  ammonium  in  a  small  quantity  of  hot  water,  and  crystallising^ 
or  6  to  7  pts.  of  the  crystallised  sodium-salt  and  1  pt.  sal-ammoniac  in  2  pts.  of  boiling 
water;  the  sodio-ammonio  salt  then  crystallises  out  on  cooling,  while  chloride  of 
sodium  remains  in  solution :  Na»HPO«  +  NH^  -  Na(NH<)HPO*  +  NaCl.  It 
may  be  freed  from  chloride  of  sodium  by  recrystallisation  from  a  small  quantity  of 
boiling  water  containing  a  little  free  ammonia. 

The  crystals  are  monodinic  prisms,  isomorphous  wiUi  those  of  the  corresponding 

arsenate.    Axes  a:b:e  ^  0*3469  :  1  :  0*3236.    Angle  of  inclined  axes  —  80°  42'  . 

ooP  :   ooP  (orthod.)   -   141°  16';  -2Poo  :  c  =   50°  43';    +2Poo  :c  «  63°  51'; 

+  4Pao  :  0  «  41°  8';  oP  :  QoP  -  86°  56'.    Combination  ooP  .  oP .  [  ooPoo  ]  .  -P . 

-2Pqo  .  +2Pqo  .  +4Poo. 

The  crystals  have  a  specific  gravity  of  1*554  (Schiff),  and  a  cooling  saline,  somewhat 
ammoniacal  taste ;  they  dissolve  easily  in  water,  the  solution  giving  off  part  of  its  ammonia 
on  evaporation.  They  effloresce  on  the  surface  when  exposed  to  the  air,  and  at  a  gentle 
heat  give  off  their  water  and  a  portion  of  their  ammonia.  At  a  stronger  heat  the 
salt  melts  with  strong  intumescence,  giving  off  all  its  water  and  ammonia,  and  leaving 
pure  metaphosphate  of  sodium,  which  in  the  fused  state  easily  dissolves  metallic 
oxides,  forming  di-  and  tri-metallic  phosphates,  possessine  in  many  cases  very  charac- 
teristic colours.  On  account  of  these  reactions,  the  salt  is  much  used  as  a  flux  in 
blowpipe  experiments. 

Uelsmann  (AtcIl  Pharm.  [2]  xdx.  138;  Jahresb.  1859,  p.  75),  in  preparing 
sodio-ammonic  phosphate,  once  obtained  it  in  long  efflorescent  prisms  containing 
Na(NH*)HP0\5H'0,  but  on  dissolving  them  in  water  containing  ammonia^  and  re- 
crystallising,  ordinary  microoosmic  salt  with  4  at.  water  was  obtained. 

Soduhdiamnumic  phosphcUe,  Na(NH^)70^4H*0,  separates  in  dazTiling  white  pearly 
crvstaUine  lamiuffi  on  adding  strong  ammonia  to  a  cold  saturated  aqueous  solution  of 
microcosmic  salt.  On  exposure  to  the  air,  it  gives  off  ammonia  and  is  converted  into 
ordinary  microcosmic  salt,  which  also  crystallises  out  when  a  solution  of  the  diammonio 
salt  is  left  to  evaporate  spontaneously.  On  one  occasion  the  diammonic  salt  cry- 
stallised with  5  at.  water.  A  solution  of  the  diammonic  salt  in  hot  saturated  aqueous 
ammonia  yielded  less  lustrous  crystals  of  a  salt  containing  (NH*)70\Na(NH*)'P0\ 
eHK).    (Uelsmann.) 

Sodto-laiyiie  Orthophosphate,  KaBa'TO^ — ^Prepared  by  igniting  1  at  dibarytic 
orthophosphate  with  1  at  carbonate  of  sodium ;  but  it  is  decomposed  in  great  part  by 
washing  with  water,  the  residue  always  containing  a  considerable  quantity  of  tribarytie 
phosphate.    (H.  B  o  s  e. ) 

8odio4ithie  Orthophosphate,  (li;  Na)'PO^— This  double  salt,  which  contains 
variable  proportions  of  sodium  and  lithium,  the  two  metals  replacing  one  another 
isomorphousiy,  is  obtained  by  mixing  a  solution  of  ordinary  pnosphate  of  sodium 
with  a  lithium-salt  evaporating  to  dryness,  and  treating  the  residue  with  water,  the 
double  salt  which  is  very  slightly  soluble,  then  remaining  behind.  It  forms  a  white 
light  powder  like  phosphate  of  calcium  or  magnesium,  requiring  nearly  1400  pts.  of 
water  at  15°  1233  pts.  at  60°  and  950  pts.  at  100°  to  dissolve  it ;  in  water  containing 
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phosphate  of  sodium  it  is  almost  insoluble.  According  to  Rammelsberg,  this  salt 
generally  contains  from  9'9  to  16*3  per  cent,  lithium  (22  to  34  per  cent,  lithia)  ; 
but  according  to  Fresenias  the  salt  obtained  by  evaporating  the  solution  of  a 
lithium-salt  with  phosphate  of  sodium,  adding  a  quantity  of  soda  sufficient  to  keep 
the  liquid  alkaline,  and  digesting  the  residue  with  aqueous  ammonia^  is  pure  tidlithio 
phosphate,  li'PO*,  containing  18*9  per  cent  lithium.    (See  Lithiuic,  ul  728.) 

Sodio-magnme  phosphate,  NaMg  T0\  is  obtained,  mixed  with  a  large  quantity  of 
trimacnesic  phosphate,  by  igniting  dimagnesic  phosphate  with  an  equii;«lent  quantity 
of  sodic  carbonate  and  wtahing  out  the  soluble  salta  with  water. 

Sod^MHonganoso-ferricvho^hate,  (Na« ;  Mn'')'PO«.Fe*^PO<.iHK),  is  said  to  occur  aa 
a  doYe-brown  mineral  at  Limoges.    (Handw.  d.  Chem.  vi.  374.) 

Soduhpotassio  orthophoaphate,  NaEJSF0^8H*0,  is  obtained  by  neutralising  a  solution 
of  monosodic  orthophosphate  with  carbonate  of  potassium  or  the  monopotasaic  salt  with 
carbonate  of  sodium,  and  evaporating.  It  then  separates  completely  in  n»>m>clinic 
crystals,  in  which  aihie  ^  0*8144  :  1 :  1*1066.  A^e  of  inclined  axes  —  83^  39^; 
ooP  :  ooP  (oitkod.)  «  101^  20^;  ooP2  :  ooP2  (orthod.)  -  62^46;  -i-Poo  \o  « 
44®  68 ;  oP  :  ooP  «  86^  69'.  The  ciystals  are  usually  tabular,  fh>m  predominance 
of  oP,  but  exhibit  also  the  fiices  ooP,  «Poo,  [ooPoo]  .  +P,  -P  .  +P<jo.  The 
salt  is  eaitily  soluble  in  water,  gives  off  its  water  of  crystallisation  when  moderately 
heated,  uid  the  basic  water  on  ignition. 

7.  Pyrophosphates  of  Sodium. — The  disodie  or  acid  salt,  Na*H*P»0',  is 
formed  by  heating  disodie  orthophosphate  with  b^oor  hydrochl<»ie  add  to  160^ — 160^, 
or  by  exposing  monosodic  orthophosphate,  NaH*PO\HK),  to  a  heat  of  abotxt  260^ ; 
also  by  dissolving  tetrasodic  pyrophosphate  in  acetic  acid  and  adding  alcohol,  where- 
upon it  separates  as  a  white  crystedline  powder.  Laiger  crystals  may  be  obtained  by 
carefully  pouring  alcohol  on  the  concentrated  aqueous  solution  of  the  salt,  so  that  the 
two  liquid  may  not  mix,  and  leaving  the  whole  at  rest.  The  salt  is  easily  soluble  in 
water,  and  remains  on  evaporation  as  a  ftiable  crust  (Schwarzenberg).  When 
heated  fbr  some  time  to  220®,  it  loses  half  its  basic  hydrogen.  (Fleitmann  and 
Henneberg.) 

The  tetrasodic  or  neutral  pyrophosphate,  Na^P'OMOHH),  is  obtained  by  igniting 
disodie  orthophosphate,  and  may  be  crystallised  by  s(^ution  in  water  and  evi^wration. 
The  crystals  are  monodinic  prisms,  permanent  in  the  air,  easily  soluble  in  water,  but 
less  soluble  than  the  disodie  orthophosphate.  The  solution  has  an  alkaline  reaction,  and 
the  salt  contained  in  it  is  not  converted  into  orthophosphate  by  boiling  per  se,  even  for 
several  days,  but  the  conversion  takes  place  easily  on  addition  of  nitric^  hydrochloric^ 
or  even  acetic  add.  The  crystallised  salt  gives  off  all  its  water  of  crystallisation  when 
gently  heated  in  the  air,  or  in  a  vacuum  at  ordinary  temperatures,  but  the  dehydrated 
salt  when  exposed  to  the  air  gradually  takes  up  again  the  same  amount  of  water.  The 
dry  salt  melts  at  a  high  temperatun^  and  solidi^  on  cooling  to  a  o(dourles8^  opaque, 
vitreous  mass. 

Tetrasodic  pyrophosphate,  being  easily  prepared  in  considerable  quantitv,  is  mudi 
used  for  the  preparation  of  insoluble  pyropho^nates  and  soluble  double  pyrophosphates. 

Sodio-aluTftinic  pyrophosphate. — ^The  precipitate  formed  by  sodic  pyrophosphate  in 
solutions  of  alumimum  dissolves  easily  in  excess  of  the  sodium-salt  (being  thereby 
distinguished  from  orthophosphate  of  aluminium),  and  the  solution  when  evaporated 
becomes  turbid  at  a  certain  concentration,  depositing  part  of  the  aluminic  pyrophos- 
phate, whilst  a  salt  richer  in  alkali  remains  in  solution,  and  is  not  predpitated  dther 
by  ammonia  or  by  sulphide  of  ammonium. 

Sbdio-ammonic  pyrophosphate,  Na*(NH*)*P*0^6HH),  is  obtained  by  evaporating  a 
solution  of  monosodic  pyrophosphate  saturated  with  ammonia  over  a  mixture  of  sal-  ' 
ammoniac  and  quicklime.    It  forms  white  monodinic  prisms  easily  soluble  in  water; 
on  boiling  the  solution,  ammonia  is  given  off  and  oisodio  pyio|^osphate  remains. 
(Schwarzenberg.) 

Sodio^niimonic  pyrophosphate. — ^Monosodic  pyrophosphate,  boiled  with  recently 
predpitated  antimonious  oxide,  dissolves  a  portion  of  it,  and  the  filtrate  yields  by 
evaporation  a  cauliflower-like  mass,  which  is  decomposed  by  water,  the  greater  part  of 
the  antimonious  oxide  then  remaining  undissolved. 

Sodio-auric  pyrophosphate,  2Na*PO'.Au*P«0«.H«0.--Trichloride  of  gold  dissolves 
in  aqueous  sodic  pyrophosphate,  and  if  the  solution,  which  is  colourless  after  warming, 
be  evaporated  in  a  vessel  in  which  it  is  protected  from  light  and  dust,  chloride  of 
sodium  and  the  excess  of  sodic  pyrophosphate  separate  out,  and  the  double  salt  remains 
as  a  syrupy  solution,  having,  according  to  Persoz,  tiie  above  composition.  The  solution 
has  been  used  for  galvanic  gilding. 

Sodio-harytic  pyrophosphate,  Na*PO'.6Ba'P»0'.6H«0.— This  is  said  to  be  the  com- 


PHOSPHATES  OF  STRONTIUM.  583 

position  of  a  double  salt  produced  as  an  amorphous  precipitate,  on  dropping  diloride 
^f  barium  into  a  boilinff  solution  of  sodic  pyrophosphate. 

Sodw-bismttik-pffrophoaphate. — ^Monosodic  pyrophosphate  dissolves  a  rather  large 
quantity  of  bismuth-oxide.  Also  when  bismuth-nitrate  is  washed  with  excess  of 
solution  of  sodic  pyrophosphate,  a  soluble  double  salt  is  formed,  whose  solution  becomes 
turbid  when  heated,  but,  according  to  Persoz,  is  not  precipitated  by  sulphide  of 

ammonium. 

Sodio-caleic pyrophoiphate,  Na«Ca"P«0\4ffO  (Baer).— This  salt  separates  when  a 

solution  of  chloride  of  calcium  is  dropt  into  excess  of  sodic  pyrophosphate. 

Sodio-chromic  pyrophosphate. — ^Enown  only  in  solution,  which  resembles  that  of  the 
potassio-chromic  salt  (p.  676). 

Sodto-coballoua  pyrophosphate, — The  precipitate  formed  by  sodio  pyrophosphate  in 
the  solution  of  a  cobaltous  salt  dissolves  in  excess  of  the  former ;  tne  solution  tnma 
blue  when  heated,  and  the  cobalt  is  precipitated  by  sulphide  of  ammonium. 

Sodto-cupric  pyrophosphates. — ^When  a  solution  of  sodic  pyrophosphate  is  boiled  with 
excess  of  recently  precipitated  cnpric  pyrophosphate,  the  hot  filtered  liqtdd  deposits  a 

white  crystalline  insoluble  crust,  consisting,  after  drying  at  100®,  of  NaKJu*P"0».7H«0. 
The  supernatant  liquid  slowly  evi^rated  over  the  water-bath  yields  a  fiiintly  bluish 
crystalline  crust,  also  insoluble  in  water,  and  consisting  of  3Na*Cu'T*0^2H«0  (at  100®). 
The  mother-liquor  decanted  therefrom  and  left  to  evaporate  spontaneously,  deposits 
first  the  excess  of  sodic  pyrophosphate,  then  splendid  blue  crystals  of  the  salt 
Na«Cu'TK)".2H*0( at  100^).  Each  of  these  three  double  salts  melts  at  a  zed  heat 
(Fl e i  t m ann  and  H  en  n  e b e rs).  Persos,  by  a  method  not  exactly  described,  obtained 
the  double  salts  Na*Cu''PK)'.6H*0  and  Na«Ce'P*0".6H«0,  which  are  the  same  as  the 
second  and  third  of  those  above  described,  but  with  larger  quantities  of  water,  Persos 
having  analysed  them  in  the  sir-dried  state. 

Sodio-ferrie  pyrophosphate,  Na«I^*F«0".7HH)  or  2Na«P»0M?«P«0« :  7H«0,  sepa- 
rates in  the  pure  state  when  ferric  pyrophosphate,  after  being  washed  with  a  quantity 
of  sodic  pyrophosphate  not  sufficient  to  dissolve  it,  is  heated  and  the  filtrate  mixed 
with  alcohol  (Fleitmann  and  Henn eberg).  The  same  salt  is  obtained  in  solution 
when  pyrophosphate  of  sodium  is  added  to  a  ferric  solution  till  the  precipitate  at  first 
formed  is  redissolvc^l.  The  double  salt  is  white  and  very  soluble  in  water.  The  solu- 
tion is  colourless,  and  does  not  taste  like  iron-salts  in  general  Ammonia  colours  it 
blood-red,  but  does  not  render  it  turbid ;  Bulphydiio  acid  colours  it  brown  without 
forming  a  precipitate ;  sulphide  of  ammonium  precipitates  sulphide  of  iron  from  it  im- 
mediately accordUng  to  H.  Bose,  gradually  accrading  to  Persoz.  The  solution  evapo- 
rated to  a  syrup  soon  deposits  ferric  pyrophosphate. 

Sodio-ferrous  pyrophosphate  is  known  only  in  solution,  as  obtained  by  mixing  a 
ferrous  salt  with  excess  of  sodic  pyrophosphate.  It  oxidises  quicklv  on  exposure  to 
the  air,  and  the  iron  is  completel;jr  precipitated  from  it  l^  sulpmde  of  ammomum. 

Sodio-magnesic  pyrophosphate  is  an  amorphous  precipitate  formed  on  dropping  sul- 
phate of  magnesium  into  a  boiling  solution  of  sodic  pyrophosphate.    (B  aer.) 

Sodio^mmonuhmanyanous  pyrophosphate,  Na(NH*)Mn''P*0».8H*0    according  to 

Otto,  Na^(NH*)fMn*P^*M2H«0  according  to  Berzelius,  is  formed,  on  pouring  a 
solution  of  manganous  chloride  mixed  with  ammonia  and  sal-ammoniac  into  a  warm 
solution  of  sodic  pyrophosphate,  as  a  white  amorphous  precipitate  which  soon  becomes 
crystalline.  When  somewhat  strongly  heated,  it  gives  oflF  all  its  ammonia  and  leayes 
a  semifused  mass  having  an  add  reaction.     (Otto.^ 

Sodio-plumhic  pyrophosphate,  NaTVT'O* — White  eranular  insoluble  precipitate, 
formed  by  adding  sodic  pyrophosphato  to  nitrate  of  lead,  and  boiling  the  remilting  pre- 
cipitate with  excess  of  the  sodium-salt  (Crerhardt).  The  salt  fornjied  on  slowly 
adding  nitrate  of  lead  to  excess  of  sodic  pyrophosphate  till  the  precipitate  becomes  per- 
manent, also  contains  sodium  but  in  variable  quantity. 

Sodio-potassic  pyrophosphate,  Na*K»P*0M2H*0,  is  obtained  by  saturating  monosodic 
pyrophosphate  with  potassic  carbonate.  The  solution  evuwrated  to  a  syrup  solidifies 
on  cooling  to  a  pasty  mass,  consisting  of  transparent,  slender  needles,  having  the  form 
of  an  oblique  rhombic  prism.  The  salt  dissolves  easily  in  water,  forming  an  alkaline 
solution.    (Schwarzenberg.) 

Z  Eespecting  Fleitmann  and  Henneberg^s  phosphates  of  sodium,  Na'P^O"  or 
Na«P0*.3NaP0«  and  Na'«P>*0"  =  Na»P0*.9NaP0«,  see  pp.  637,  638. 

Phpspliate*  of  Strontliiin-  a.  Metaphosphate.—Ths  salt  prepared  by  dis- 
solving carbonate  of  strontium  in  phosphoric  acid,  and  heating  the  evaporated  residue 
to  316^,  is  a  white  powder,  insoluble  in  water  and  in  dilute  adds,  decomposed  by 
strong  sulphuric  add.  „ 

fi,  Orthophosphate «.— The  di-strontio  salt,  Sr'H'P'O", obtained  by predpitation, 
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is  a  white,  amorphons,  tasteless  powder,  insolnble  in  pure  water,  but  soluble  in  watei 
containing  ammoniacal  salts  or  free  adds  ;  notdeoompoeed  by  aqueous  alkalis.  When 
heated  before  the  blowpipe  it  melts  to  a  white  enamel,  exhibiting  phosphorescence.  A 
solution  of  chloride  of  strontium  incomj^etely  precipitated  in  the  cold  with  an  alkaline 
phosphate  yields,  according  to  Kfthn,  a  mixture  of  distrontic  and  monostzontie  salt. 

JStrontio-poUutie  ortkophosphate,  Sz^B[PO^  and  sinmiio'sodie  ortiopkosphaie, 
Sr'^NaPO^  are  formed,  according  to  Bose,  by  ignition  1  at  pyrophosphate  of  strontium 
with  1  at  carbonate  of  potassium  or  sodium,  ana  washing  out  the  mass  with  water ;  but 
the  double  salts  are  for  the  most  part  decomposed  by  the  water,  the  residue  always 
containing  neutral  phosphate  of  strontium. 

7.  Pyrophosphate,  8>FK)M[*0  (at  100*').— Obtained  by  precipitation  as  a  white, 
amorphous  powder,  which  gradually  becomes  crystalline  when  warmed  in  the  liquid. 
It  is  nearly  insoluble  in  water,  quite  insoluble  in  acetic  add,  but  easily  soluble  in  the 
stronger  adds.  It  gives  off  its  water  when  heated  above  100^  (Schwarsenberg). 
The  predpitate  formed  on  gradually  adding  nitrate  of  strontium  to  a  boiling  solution 
of  sodic  pyrophosphate^  appears  to  be  a  mixture  of  the  pure  strontium-salt  with  a 
double  salt    (B  a er.) 

FluMptaato-tMitalle  AaiiL  A  solution  of  tantalic  add  in  sulphuric  or  hydro- 
chloric add  yields,  with  strong  aqueous  phosphoric  add,  a  white,  opaque  jelly.  Tan- 
talic oxide  heated  with  phosphoric  oxide  forms  a  colourless  glass. 

VliosplMte  of  TMlmimii  is  a  white  powder,  insoluble  in  water.    (Berzelius) 

Vliospliate  of  ThalUiun.  A  hot  solution  of  nitrate  of  thallium,  mixed  with 
excess  of  phosphoric  add  and  then  with  ammonia^  forms  a  crystalline  predpitate, 
probably  consisting  of  trithaUic  phosphate,  Tl'FO*,  inasmuch  as,  when  boiled  with  nitrate 
of  silver,  it  yieldB  yellow  phosphate  of  silver,  without  rendering  the  solution  acid. 
1  pt  of  this  salt  dissolves  in  201*2  pts.  of  water  at  16°  and  in  149  pts.  at  100<>.  It 
is  sparingly  solnble  in  acetic  add,  but  dissolves  easily  in  nitric  add.  When  heated  it 
melts  to  a  brown  liqnid,  which  becomes  orange-yellow  on  cooling,  and  finally  solidifies 
to  a  white  crystalline  mass  (Crookes,  Chem.  Soc.  J.  xvii  136  ;  Chem.  News,  ix.  87). 
La  my  (Jahiesb.  1862,  p.  186),  who  probably  obtained  an  add  phosphate  of  thallium, 
states  that  it  is  soluble  in  water  and  crystallises  from  a  dilute  solution. 

ViMwplMte  of  TlMninvm.  Floccnlent  predpitate,  forming  a  white  powder  when 
dry,  insoluble  in  water  and  in  phosphoric  add,  melting  with  difficulty  before  the  blow- 
pipe.   (Berselins.) 

Vboapliates  of  Tta.  Stannic  oxide  forms  with  excess  of  phosphoric  add  a  salt 
containing  2SnO*  PH)*.10HH)  (Haeffely,  PhiL  Ma^.  [4]  x.  290).  Stannic  phosphate 
is  insoluble  in  nitric  add,  a  proper^  on  which  w  founded  Beynoso's  method  of 
separating  phosphoric  add  from  bases  (p.  644). 

Stannous  phosphate,  SSnO.P'O'  or  Sn'PH)*,  according  to  £iihn,  is  formed  on  mixing 
staimous  chloride  with  ordinary  phosphate  of  sodium,  as  a  white  predpitate^  insoluble 
in  water  after  drymg,  but  easily  soluble  in  mineral  adds,  and  melting  to  a  vitreous 
mass  before  the  blowpipe.  According  to  Lenssen  (Ann.  Ch.  Pharm.  cziv.  113; 
Jafaresb.  1860,  p.  183),  tne  com^ition  of  the  predpitate  varies  with  the  proportion 
in  wMch  the  solutions  are  mixed.  When  a  solution  of  disodic  ortliophosphate 
addulated  with  acetic  add  is  added  to  a  large  excess  of  concentrated  solution  of 

Stannous  chloride,  a  predpitate  is  formed  containing,  when  air-dried,  Sn'P'0'.Sn''Cl'. 
2H'0,  and  not  decomposed  by  hot  water ;  but  when  the  phosphate  of  sodium  is  in 

excces,  the  air-dried  predpitate  contains  Sn'PK)".S  n*H*F*0*.8E*0.  This  salt  remains 
unaltered  at  100°,  but  is  decomposed  at  a  red  heat»  yielding  metallic  tin,  stannic 
oxide,  and  phosphoric  acid. 

VtMmrftoLtm  of  Ttf  ntwin.  Tetrachloride  of  titanium  forms  with  phosphorie 
acid  a  white,  bulky,  floccnlent  predpitate,  which  dries  up  to  a  gummv  shining  mass^ 
insoluble  in  water,  but  soluUe  in  excess  either  of  phosphoric  add  or  of  titanic 
chloride. 

Fl&oopliatoa  of  Vraiiliun.  a.  Uranie  Orthophosphates. — The  composition 
of  these  phosphates,  as  of  other  uranie  salts,  is  most  easily  represented  by  regarding 
them  as  containing  the  diatomic  radide  uranyl,  UK)*.    (See  Ubamiuk.) 

The  monouranylic  salt,  (n'0*y'HTK)'.3H*0,  is  obtained  by  digesting  uranie  oxide 
with  phosphoric  add  and  boiling  the  mass  with  water.  The  yellow  liquid  thus 
obtained  yield&  by  evi^ration  over  sulphuric  add,  lemon-yellow  crystals,  which  give 
off  part  of  their  water  at  a  gentle  heat,  becoming  dull  and  light-yellow ;  the  rest  of 
the  w«ter  goes  off  at  a  red  heat,  and  the  remaining  dry  salt  does  not  melt  even  when 


PHOSPHATES  OF  URANIUM.  585 

Tery  strongly  heated.     Water,  eepedally  if  hot,  a]^traet8  part  of  the  phosphoric 


acid. 


The  di-uranylie  soli,  (UH)')*H'P*0*,  is  obtained  in  combination  with  Tarions 
quantities  of  water  according  to  the  mode  of  preparation  adopted.  When  uranic  oxide 
is  digested  with  a  sufficient  quantity  of  phosphoric  acid,  ana  the  prodnct  washed  with 
water,  a  tri- hydrate,  ^U'0*)'H*F*0*.3H*0,  remains  as  a  light  yellow  amorphous 
powder,  which  gives  off  its  water  of  ciystallisation  between  120^  and  170^,  and  the 
basic  water  at  a  red  heat^  leaving  the  pyrophosphate  (n'0*)'PK)'.  A  hexhydrate, 
(U*0*J*H'P'0*.6H*0,  is  obtained  by  precipitating  manic  nitrate  with  ordinary 
phospnate  of  sodium.  The  precipitate,  after  washing  and  drying,  is  a  light  yellow 
slightly  oystalline  powder,  wnich  gives  off  its  water  of  crystalhsation  at  120^,  the 
basic  water  at  a  red  heat  The  octohydrate,  (U«0*)*BmP*0«.8H*0,  is  obtained  by 
adding  phosphoric  acid  to  uranic  acetate  as  long  as  a  precipitate  Ibrms.  This  precipi- 
tate, when  washed,  is  crystalline,  and  somewhat  darker<x>loured  than  the  trihydrate. 
It  gives  off  2  at  water  at  60^,  and  then  exhibits  all  the  properties  of  the  hexhydnte. 

The  trir^ranylic  soli,  or  neutral  uranie  phosphate,  3U*0'.FK)*or  {^H^yPK)^,  has 
not  been  obtained  in  the  pure  state.  The  u^ht  yellow  precipitate  formed  on  mixing 
uranic  nitrate  with  an  equivalent  quantity  of  trisodic  phosphate  appears  to  consist  of 
6U«0».H«0.2PK)»  +  aq.  or  (U«0«)»PK)«.(IPO«)«H«PW.H«0.  When  a  huger  quantity 
of  trisodic  phosphate  is  added,  but  not  sufficient  to  redissolve  the  precipitate,  a  double 

salt  is  formed  containing  ^^|2P«0*.3H*0  or  (U«0«)T«0«.(U»0«)«Na^0«.3H«0. 

This  salt  is  a  dark  yellow  coherent  powder,  insoluble  in  water,  decomposed  by  acetic 
acid,  which  dissolves  out  soda  and  uianic  oxide.  (Wert her,  Ann.  CIl  Fharm. 
Ixviii  312.) 

Calcio^ramc  Fhotphate,  ^^|  I«0».8H«0  or  (tJ«0«)«CaTK)«.8H»0.— This  com- 
pound occurs  natire  asuranite  (also  called  Ume  uranite  and  urcmiwn  mica)  in  di- 
metric  cxystalS)  having  the  principal  axis  «  2*115  ;  P :  P  (terminal)  »  96^,  46'; 
P  :  P  (basal)  »  143^  2'.  Ordinary  combination,  oP  .  P .  ooP,  the  face  oP  being 
mostly  predominant,  and  giving  Uie  oystals  a  tabular  form.  Cleavage  perfect 
parallel  to  oP.  Hardness  »  2  to  2*5.  Specific  sravity  »  3-05  to  3*19.  Colour 
citron  to  sulphur-yellow.  Lustre  of  oP  pearfy,  of  other  faces  snbadamandne.  Trans- 
parent to  subtranslucent  Fracture  not  observable.  Sectile.  Laminse  brittle  and 
not  flexible.  Before  the  blowpipe  it  melts  to  a  blackish  semi-crystalline  mass. 
Dissolves  with  yellow  colour  in  nitric  add. 

The  first  of  the  following  analyses  is  of  uranite  from  Autun  by  Berselins  (Pogg. 
Ann.  i  374) ;  the  second  by  Wert  her  {Joe,  cit), 

PW         IPO*        Ca'O      Ba"OMg^OandMn''OH*0    SnO« 

15-20        61*78        5*88        1*57  0*20  15*48    0*06     «     10012 

1400        63*28        5*86         1*03  .  .  14*30      .  .      »       98*47 

The  formula  aboTe  given  requires  15*55  PK>*,  62*56  TPO",  6*13  Ca'^O,  and  15*76 
water. 

Uranite  occurs  in  the  Siebengebirge ;  at  Johanffeoigenstadt  and  Eibenstock  in  Saxony ; 
on  Wolf  Island,  Lake  Onega,  Russia;  near  Limoges  and  at  St.  Symphorien  near 
Autun ;  also  at  Chesterfield,  Massachusetts ;  Ackworth,  New  Hampshire ;  and  on  the 
Schuykell  near  Philadelphia. 

Cuprico-iifwiio  Thoaphaie,  ^]^  |PK)».8HH)  or  (t»0«)«Cu'TW.8H»0.— This  com- 
pound occurs  native  as  chalcolite  (also  called  eopper-uranite  and  turberite),  a 
mineral  isomorphous  with  uranite.  Hardness  —  2*25.  Specific  gravity  3*5  to  3*6. 
Colour  emerald  and  other  shades  of  green.  Streak  .somewhat  paler.  The  other 
physical  properties  are  like  those  of  uranite.  Before  the  blowpipe  it  melts  to  a  black 
mass,  colourme  the  flame  bluish-green.  Gives  with  borax  a  green  glass,  sometimes 
becoming  reddish-brown  in  the  reduction-flame.  DissolTes  in  nitric  add  with 
yellowish-green  colour. 

Analyses  of  chalcolite  from  Cornwall : 

P«0»         UK)«        Cu'O        H«0 

15*57        61*39        8*44        1505     »   100*45  Berzelius. 

14*34        5903        8-27         15*89     -     97'03  Werther. 

The  formula  requires  1516  P«0»,  6100  U«0",  8*48  Cu'O,  and  16-36  water. 

Chalcolite  is  found  at  Gunnis  Lake  near  Callington,  also  near  Hedruth,  and  elsewhere 
in  Cornwall;  at  Johangeorgenstadt,  Eibenstock,  and  Schneeberg  in  Saxony;  at 
Joadiimsthal  and  Zinnw^d  in  Bohemia ;  and  at  Yielsalm  in  Belgium. 
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Debraj  (Jahresb.  1860,  p.  73^  has  obtained  crystalfi  baring  the  foim  and  compo- 
sition of  eaalcolite,  by  mixing  afolntion  of  acid  cnpric  phosphate  with  manic  nitiate. 

$.  Uranous  Orthopho8'phate^T^13!BO^!B}0. — Ordinary  phosphate  of  sodiimi 
added  by  drops  to  uranous  chloride  forms  a  green  gelatinous  precipitate,  insoluble  in 
-water.  "Wben  recently  precipitated  it  dissolves  in  strong  hydrochloric  acid,  and  is 
separated  there&om  by  water ;  after  drying  it  no  longer  dissolyes  in  acids.  Ammonia 
has  scarcely  any  action  upon  it;  melting  potash  withdraws  almost  all  the  phosphorie 
oxide. 

7.  Uranio  Pyrophosphate  is  aniiulax  when  recently  precipitated,  but  cakes 
together  if  left  on  the  filter  for  a  few  days,  forming  a  very  fnablemass  with  oonchoidal 
fracture. 

Sodio-uranie  Pyrophosphate. — ^Precipitated  uranic  pyrophosphate  dissolves  in 
excess  of  sodic  pyrophosphate,  forming  a  yellow  solution,  which  yields  no  crratals  even 
when  evaporated  to  a  symp ;  the  uranium  is  not  precipitated  from  it  either  by  solphy- 
dric  acid  or  by  sulphide  of  ammonium. 

Fliospliates  of  Vaaadtnin.  Vanadic  dioxide  dissolves  in  aqueous  phosphoric 
acid,  forming  a  blue  solution,  which  when  evaporated  at  temperatures  below  50°  yields 
small  blue  deliquescent  crystals,  easily  soluble  in  water,  insoluble  in  alcohol.  When 
heated  they  give  off  water,  leaving  a  loose  spongy  mass  resembling  burnt  idum,  and 
caking  together  at  a  white  heat  to  a  black  substance  no  longer  soluble  in  water. 

PXMpMtto-vanadio  acid, — ^Vanadic  anhydride  (triosdde)  dissolves  in  aqueous  phos- 
phorie add,  forming  a  red  solution,  which  when  evaporated  leaves  a  red  deliquescent 
saline  mass.  Vanadic  phosphate  heated  with  a  sufficient  quantity  of  nitric  acid  forms 
a;  red  solution,  which  deposits  on  evaporation  a  lemon-yellow  crystalline  crust,  soluble 
with  yellow  colour  in  water.  The  crystals  when  heated  give  off  water  and  turn 
light  yellow.  A  solution  of  vanadic  phosphate  and  sodic  j^osphate  in  nitric  acid 
becomes  colourless  when  evaporated,  and  deposits  vellow  crystalline  grains  which 
dissolve  slowly  in  water,  forming  a  yellow  solution  which  dries  up  on  evaporation  to  a 
yellow  varnish-like  mass. 

A  compound  of  phosphoric,  vanadic,  and  silicic  anhydrides  containing,  according  to 
Berzelius,  3SiO'.2yaO*.2P'0*.6H'0,  was  obtained  from  the  refinery  slag  of  the  Taberg 
iron  works.  It  may  be  produced  by  dissolving  silicate,  vanadate,  ana  phosphate  of 
sodium  in  nitric  add,  evaporating  to  a  pulp,  and  washing  with  cold  wat«r.  It  then 
remains  in  nacreous  scales,  which  when  heated  give  off  water  and  acquire  a  straw- 
yellow  colour.  It  is  easily  soluble  in  water,  whence  it  cirstallises  unaltered  on  evapo  • 
ration.  The  solution  is  coloured  green  by  nitric  peroxide  and  other  reducing  agents, 
and  yields  with  carbonate  of  ammonium  a  precipitate  of  gelatinous  silica. 

Vbospbato  of  Tttrtimi.  Y^K>".5HH)  ^  3Y^O.P'0«.5HK).~Disodicorthopho8* 
phate  added  to  the  solution  of  an  yttrium-salt  throws  down  an  amorphous  prer 
cipitate,  which  by  prolonged  washing  with  water  is  resolved  into  a  soluble  add  salt, 
and  an  insoluble  neutral  salt  having  the  composition  just  given.  (Popp,  Jahresb. 
xvii.  204.) 

Tri-yttric  phosphate  likewise  occurs,  together  with  cezous  phosphate,  as  xenotime, 
in  dimetric  crystals  P  .  ooP,  having  the  prindpal  axis  s  0*6201 ;  angle  P  :  P  (termi- 
nal) «  1240  26' ;  P  :  P  (basal)  «  82°  30*.  Cleavage  perfect,  parallel  to  ooP.  Hard- 
ness ss  4  to  6.  Spedfic  gravity  —  4*39  to  4*56.  Lustre  resinous.  Colour  yellowish 
brown  to  flesh-red.  Str^  paler.  Opaque.  Fracture  uneven  and  splinterv.  It  is 
infusible  before  the  blowpipe;  with  borax  it  slowly  forms  a  dear  glass,  which,  with  a 
larger  quantity  of  the  mineral,  becomes  turbid  on  cooling ;  in  microcosmic  salt  it 
dissolves  very  slowly.    It  is  insoluble  even  in  strong  adds. 

Analyses, — a.  From  the  Flekke^ord  in  Norway:  spedfic  gravity  4*557  (Berzelius, 
Pogg.  Ann.  iii.  203). — h.  From  the  same  locality;  specific  gravity  4*45  (Zs chaw, 
Bammdsher^s  Mineralchemiet  p.  321). — 0.  From  the  gold-washings  at  Clarksville^ 
Georgia :  spedfic  gravity  »  4*54  (Smith,  SilL  Am.  J.  xviii.  377) : 

P«0»  Y'O  Ce'O  Fe«0»  SiO« 

a.  33*49*  62*58  .      .  3*93  .   .  «  100 

b.  30-74  60*25  7*98  .  .  .   .  =  98*97 

c.  32-45  54*13  llOSf  206  0*89  »  100-56 

Castdnatidite,  occurring  in  crystals  (apparently  dimetric)  and  grains,  in  the  diamond 
Eandof  Bahia,  consists  mainly  of  phospnate  of  yttrium.  D amour  (Institut.  xxi.  78) 
found  in  a  sample  having  a  specific  gravity  of  4*39,  31  64  pep  cent  P*0*,  6040  yttria, 
7*4  titanic  oxide  and  zirconia,  1*2  uranic  and  ferric  oxides. 

*  With  trace  of  fluorine.  f  With  lanthaDum  and  didymium. 
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Plioapliates  of  Use.  a.  Metaphosphates.  — ^When  a  zinc-salt  is  treated  with 
phosphoric  acid  in  the  same  manner  as  for  the  preparation  of  cupric  di-metaphosphate 
(p.  660),  the  mass  on  slow  cooling  yields  indistinct  crystals  of  zinodimetapbosphate, 

Z'n'P^O".  It  is  insoluble  in  water,  and  is  not  decomposed  by  dilate  aqaeons  adds  or 
alkalis,  or  by  sulphide  of  ammonium.  When  treated  with  strong  sulphuric  acid  or 
fused  with  an  alluiline  carbonate,  it  yields  orthophosphoric  acid. 

A  mixture  of  aqueous  zinc-chloride  and  ammonium-dimetaphosphate  yields  the 
hydrated  salt  Zn^0**.8HK)  m  small  transparent  crystals,  insoluble  in  water,- but 
decomposed  by  boiling  therewith.  The  water  of  crystallisation  is  not  completely 
expelled  below  a  red  heat,  and  the  salt  does  not  melt  CTen  at  a  bright  red  heat.  The 
constitution  of  the  salt  does  not  appear  to  be  altered  by  heating.    (Fleitmann.) 

/3.  Orthophosphatea, — ^The  monoeineie  or  acid  phosphate  is  formed  by  dissolying 
zinc,  or  the  carbonate  or  phosphate  of  zinc  in  excess  of  phosphoric  acid  and  evaporatinff. 
It  is  a  gummy  mass  which  melts  in  the  fire  to  a  transparent  glass.  When  a  smul 
quantity  of  allcali  is  added  to  its  aqueous  solution,  the  neutral  salt  ip  deposited. 
(Wenzel.) 

The  duincic  salt,  ^^^  |  P«0».2HK)  or  ^«H«I«0«.2H«0,  is  deposited  in  ahimng 

laminae  on  mixing  a  solution  of  3  pts.  of  zinc-sulphate  in  32  pts.  of  hot  water,  with  a 
solution  of  4  pts.  of  crystallised  disodic  orthophosphate  in  32  pts.  of  hot  water.  The 
crystals  do  not  lose  water  at  100^;  but  at  a  temperature  below  the  melting  point  of  tin 
they  give  off  2  at.  water,  retaining  their  lustre ;  at  a  red  heat  the  dehydrated  salt  fbses 
and  gives  off  its  basic  water.    (G- r  a  h  a m.)  ,, 

The  trievneie  or  neutral  salt,  3ZnO.P*0».2H«0  or  Zn*PH)«.2HK),  is  precipitated  on 
mixinff  a  solution  of  a  2dnc-salt  with  disodic  orthophosphate,  the  supernatant  liquid 
becoming  acid.  When  the  solutions  are  dilute  and  mixed  in  the  cold,  a  translucent 
jelly  is  at  first  produced ;  this,  however,  soon  becomes  opaque,  and  aggregates  into  a 
fine  white  crystalline  powder.  If  the  solutions  are  mixed  boiling  hot,  no  jelly  is 
produced,  but  the  pulverulent  precipitate  is  formed  at  once  and  has  Sie  same  composi- 
tion. The  same  compound  is  doubtless  formed  on  digesting  carbonate  of  zinc  with 
aqueous  phosphoric  add  not  in  excess.  It  is  a  white,  crystalline,  tasteless  powder 
which  melts  easily,  forming  a  transparent  and  colourless  glass.  It  is  insoluble  in 
water,  soluble  in  adds,  likewise  in  ammonia  and  in  carbonate,  sulphate,  chloride  and 
nitrate  of  ammonium — in  the  last  three,  however,  with  slight  turbidity. 

The  same  salt  with  6  at.  water  separates  in  large  fiat  prisms  and  laminsB  when  a 
solution  of  the  add  zinc-salt  is  mixed  with  absolute  alcohoL    (Bey  no  so.) 

Phosphate  of  Zinc  and  Ammonitim, — ^When  a  solution  of  sulphate  or  chloride  of  zino 
is  precipitated  with  phosphate  of  ammonium  containing  free  ammonia,  a  white,  bulky, 
flocculent  predpitate  is  formed  which,  when  digested  in  the  liquid,  becomes  crystalline 
after  the  free  ammonia  has  escaped.  The  dry  salt  is  a  white  powder,  insoluble  in 
water,  but  soluble  in  adds  and  in  free  potash,  soda,  or  ammonia.  Its  composition 
appears  to  be  intermediate  between  Zn*(NH*yP«0«.2H«0  andZn«(NH*)«PH>».Zn'^«0«. 
2HK).    (Bette,  Ann.  Ch.  Fharm.  xv.  129.) 

y.  Pyrophosphate  of  Zinc  is  formed  by  precipitating  a  zinc-salt  with  pvro- 
phosphate  of  sodium.  The  predpitate  is  decomposed  by  boiling  with  ordinarv  phos- 
phate of  sodium,  yielding  ordinary  orthophospiate  of  zinc  and  pyrophosj^ate  of 
sodium  (Stromever).  The  salt  predpitated  as  above  forms  a  white  bulky  mass, 
which  in  drying  shrinlks  up  like  hydrate  of  aluminium.  If  it  be  suspended  in  water, 
and  sulphurous  acid  gas  passed  Uirough  the  liquid,  the  whole  dissolves,  and  the  solu- 
tion, when  boiled,  yidds  the  salt  in  the  form  of  a  heavy,  white,  beautiMly  crystalline 
powder  condsting  of  2Zn'P'0'.3H^O.  Both  the  amorphous  and  the  crystalline  salt 
dissolve  in  acids  and  in  caustic  potash ;  ammonia  likewise  dissolves  the  salt,  and 
alcohol  added  to  the  solution  throws  down  a  syrupy  mass.    (Schwarzenberg.) 

Zinco-ammonic  pyrophosphate  is  obtained  as  a  white  pulverulent  predpitate,  on 
adding  pyrophosphate  of  sodium  to  a  solution  of  zinc-chloride  mixed  with  ammonia  and 
sal-ammoniac.    (Bette.) 

Vhomphmte  of  Ureoniniii,  SZrOM^O^  or  (Zr'O)'!^",  is  pedpitated  on  mixing 
a  soluble  zirconium-salt  with  free  phosphoric  add  or  an  alkaline  pnosphate;  in  the 
former  case  part  of  the  salt  remains  in  solution,  but  may  be  predpitated  on  addition  of 
ammonia.  The  predpitate  is  a  gummy,  translucent  mass,  l&e  hydrate  of  aluminium, 
remaining  translucent  when  dry.  It  is  insoluble  in  water,  somewhat  solable  in  free 
phosphoric  acid. 
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Aleoholie  Photphatea  :    Phosphoric  Ethers. 

Each  of  the  three  hydiogen-AtomB  in  orthophoephorie  add  maj  be  replaoed  by  alco- 
hol radidea,  giving  riae  to  acid  and  neutral  ethers  analogona  to  the  metaUie  phoaphates. 
There  are  alao  aeveml  snlphophoaphoric  ethers,  having  the  composition  of  orthophoa- 
phoric  ethers,  in  which  the  oxygen  is  more  or  less  replaced  by  snlphnr.  A  neutral 
pyrophoaphate  of  ethyl  is  also  known,  bnt  no  metaphosphorie  ethers  have  ^et  been 
obtained.  In  connection  with  these  alcoholic  phosphates  may  also  be  mentioned  an 
acid  oonaiflting  CMf  phosphoric  add  in  which  the  hydrogen  is  paztly  replaced  bj 
acetyL 

VliosplMtes  «f  Amjl  or  Aaaj^^glhiomflbioHe  Xtti«n.  Two  of  these  oom- 
ponnds  are  known,  vis.  mono-  and  di-amylphoaphorie  add ;  the  nentnl  ether  has 
not  been  obtained. 

(PO-)) 

1.  Amylphosphorie    acid,     C»H»«PO«    -    (OH")H«P0«    -     (C»H»)VO». 

H«  j 
(Gnthrie,  Chem.  Soc  Qo.  J.  ix.  134.)— This  ether  is  prepared  by  mixing  equal 
weights  of  syrupy  phosphoric  add  and  amylic  alcohol,  leaving  the  mixture  in  a  waim 
plaM  for  a  day,  neutralising  with  carbonate  of  potasdum,  evaporating  over  the  water- 
bath  to  dryness,  dissolving  in  strong  alcohol,  and  evaporating  repeatedly  (whereby  the 
potaasium-salt  is  obtained),  then  predpitadnjg  b^  acetate  of  lead,  filtering  and  wadiing 
(whereby  the  lead-salt  is  obtained),  predpitating  the  lead  by  sulphycuie  add,  then 
filtering,  and  evaporating  in  vacuo. 

It  is  a  colourleas,  transparent,  czystalline,  deliquescent  maaa,  easily  aoluble  in  water 
and  in  alcohol,  but  insoluble  in  ether.  It  bears  the  heat  of  a  water-bath  without  de- 
compodtion.  When  heated  in  the  flame  of  a  lamp  it  bums  with  a  white  ilamey 
leaving  a  residue  of  phosphoric  acid.    It  is  a  strong  add,  and  decomposes  carbonatea. 

The  amylphosphates,  OH"M*P0\  are  all  anhydrous  at  100^:  those  of  the 
alkali-metals  are  soluble  in  water ;  the  rest  are  insoluble  or  sparingly  soluble,  and  may 
be  prepared  from  the  potasdum-salt  by  double  decomposition.  They  all  dissolve 
reamly  in  nitric  or  hydrochloric  add,  and  bear  the  heat  of  the  water-bath  without 
decomposition. 

The  potasnuTtirBoltf  G*H^'K^PO\  prepared  as  above,  is  tenadoua,  finely  crystalline^ 
translucent,  and  deliquescent ;  vields  amyl-alcohol  when  heated  in  a  tube.  A  solution 
of  this  salt  subjected  to  electrolvsis  yields  at  the  podtive  pole,  carbonic  anhydride  and 
oxygen,  and  an  add  liquid  smeUing  of  valeric  or  butyric  add,  while  the  liquid  at  the 
negative  pole  gives  off  hydrogen,  but  remains  odourless,  showing  that  no  amyl- 
compound  is  there  eliminated. 

The  ammoniumsaltf  C*H"(NH^)*PO^  obtained  by  direct  neutralisation,  or  by  de- 
composing the  copper-  or  lead-salt  with  sulphide  of  ammonium,  resembles  the 
potassium-salL 

The  bariumrsalt,  OH'^BaTO^  is  predpitated  in  white  scales  having  a  silky 
lustre. 

The  lead-salt,  0*H"PKTO«,  dried  at  lOO^,  is  a  bulky  white  anhydrous  powder. 

The  copper-salt,  C*H*'Cu"PO*,  is  almost  white  when  first  predpitated,  but  gradually 
turns  bluish,  and  in  the  diy  state  forms  a  lieht  blue  amorphous  powder. 

The  silver-salt,  C11"AffP0*,  is  a  white  bulky  predpitate,  which  tarns  gre^  on  ex- 
posure to  light,  and  is  decomposed  by  long  boiling  with  water,  yielding  metallic  silyer. 

When  heated  on  platanum-foil,  it  turns  yellow  and  leaves  pyrophosphate  of  diver. 

(POy^) 

2.  LiamyUphosphorie    acid,    C>«H«»PO*  -  (C»H")*HPO*  =   (C»H")«VO». 

H  ) 
(F  eh  ling,  Handw.  d.  Chem.  L  793.)-i-This  compound  is  prepared  by  adding  1  pt. 
pentachloride  of  phosphorus  Teiy  gradually  to  1^  or  2  pts.  of  amylic  alcohol,  nse 
of  temperature  being  checked.  The  product  is  heated  in  a  retort  to  expel  the 
simultaneously  fonuM  chloride  of  amy!  and  hydrochloric  add,  then  thrown  into  water 
saturated  with  carbonate  of  sodium,  and  shaken  with  ether;  the  ethereal  solution  of 
amylic  alcohol  is  removed,  and  the  diamyl-phosphoric  add  isolated  by  adding  hydro- 
chloric acid.  The  acid  so  formed  contains  two  additional  atoms  of  water,  whidi  are 
removed  by  drying  over  sulphuric  add  in  vacuo. 

Diamylphoaphoric  add  is  an  oily  liquid  of  specific  gravity  1*025  at  20^,  but  floating 
in  hot  water.  It  is  nearly  inodorous,  but  has  a  strong  acid  taste.  It  is  nearly  inso- 
lable  in  water,  but  dissolves  easily  in  alcohol  and  ether.  It  is  permanent  at  ordinary 
t*>mperature8,  but  decomposes  when  distilled,  yielding  amylic  alcohol.  When  boiled 
with  water  it  also  yields  amylic  alcohol,  and  the  residual  liquid  probably  contains 
mono-amylphosphonc  add. 
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Diamylphosphoric  acid  is  a  strong  acid,  and  saturates  bases  completely.  Thlf 
diamylphosphates,  (C*H")»MPO*  and  (C*H")^M''P«0«,  are  all  anhydrous,  and  are 
decomposed  by  boiling  with  water,  giving  off  amyl-alcohol,  and  apparently  bein^  con> 
verted  into  mono-amylphosphates.  The  di-amylphosphates  of  the  alkah-metalB  are 
very  soluble  in  water,  and  remain  as  uncrystamsable  nnctnons  masses  when  theit 
solutions  are  evaporated ;  those  of  the  alkaline  earth-metals  are  but  slightly  soluble  in 
water,  more  soluble  in  alcohol.  The  aqueous  solutions  give  precipitates  with  plumbic, 
cupric,  manganous,  mercurous  salts^  &c  The  following  salts  have  been  examined  by 
Marx  and  Lemppenan. 

The  banumsalt,  (C*H")«Ba"PK)*,  obtained  by  digesting  the  aqueous  acid  with 
carbonate  of  barium,  and  evaporating  in  vacuo  or  at  a  gentle  heat^  forms  silky,  asbestos- 
like masses  of  cirstals. — ^The  calcium-^alt,  prepared  in  like  manner,  is  also  crystalliue. 
— The  copper-saU  is  a  greenish-blue  precipitate,  soft  and  unctuous  when  dried. — The 
ferrie  saftf  (C*H")*Fe"T*0",  obtainra  by  precipitation,  is  a  whitish  powder,  insoluble 
in  water  and  in  alcohol— The  lead-salt,  (C»H")*Pb"P*0«,  obtained  by  precipitating 
the  ammonium-salt  with  acetate  of  lead,  is  a  loosely  coherent,  curdy  precipitate, 
insoluble  in  water  and  in  alcohol.  By  precipitating  with  excess  of  lead-acetate,  a  dense 
pulverulent  precipitate  is  formed  consisting  of  a  basic  salt,  (OH")«FbTK)'.Pb''H*0'. 
—The  mercurous  salt  obtained  by  precipitation  appears  to  decompose  in  drying,  and 
then  forms  a  grey  powder.     

Ethylie  diamylphosphate,  (C^«)(C*H")*PO^  appears  to  be  formed— 1.  By  heating  a 
solution  of  diamylphosphoric  add  in  8  or  4  pts.  alcohol  of  95  per  cent,  in  a  sealed  tube 
to  180^ ;  on  treating  tne  contents  of  the  tube  with  aqueous  carbonate  of  sodium,  a 
mobile  liquid  separates,  having  an  ethereal  odour. — 2.  By  heating  diamylphosphate  of 
silver  with  iodide  of  ethyl  to  lOQO. 

Triamylic  Phosphate  or  Neutral  Phosphate  of  Amyl,  (C»H")*PO*,  has 
not  been  obtained  pure,  but  appears  to  be  formed  by  heating  diargentic  amylphosphate 
with  chloride  of  amyl  to  180^  in  a  sealed  tube : 

C»H"Ag«I>0«  +  2C»H"C1     -     2Aga  +  (C»H")»PO*. 

On  treating  the  product  with  alcohol  and  mixing  the  decanted  solution  with  water,  an 
ethereal  liquid  separates*  having  an  odour  quite  different  from  that  of  amylic  alcohol. 
(Guthrie.) 

Btbgrlle  Vliospliates.  Bthylpliospliorio  Btbers.  Four  of  these  compounds 
are  known,  namely,  the  three  orthophosphiates  of  ethyl  and  the  neutral  pyrophosphate ; 
also  several  sulphophosphatea 

Ethtlfhobfhobio  Acid,  also   called   Phoaphethylio  or  Phosphovinic   acid, 

(POD 
C*HTO*  «  (C^»)H«PO*    -  C«H»  >0«.— This  compound  was  discovered  by  Las - 

H«  ) 
saignein  1820  (Ann.  Oh.  Phys.  [2]  ziii  294),  and  has  been  further  examined  by 
Pelouze  (ibid.,  hi.  37),  Liebig  (Ann.  Oh.  fharm.  vi.  149),  and  Church  (Ptoc. 
Boy.  Soc.  xiii.  520).  It  is  produced  by  the  action  of  phosphoric  acid  on  alcohol  or 
^ther,  the  latter  reaction  being  however  slower  than  the  former;  also  by  the  action  of 
phosphoric  oxychloride  on  aqueous  alcohoL    (Schiff.) 

Preparation, — 1  pt.  of  95  per  cent  alcohol  is  mixed  with  1  pt.  of  syrupy  orthophos- 

S boric  or  pyrophosphoric  acid,  the  mixture  heated  for  some  minutes  to  60^  or  80^, 
iluted  after  24  hours  with  eight  times  its  bulk  of  water,  and  neutralised  with  finely 
pulverised  carbonate  of  barium.  The  whole  is  boiled  for  a  while  to  drive  off  the  uncom- 
bined  alcohol,  then  left  to  cool  down  to  70^,  filtered,  and  the  filtrate  left  in  a  cold 
place  that  the  ethylphosphate  of  barium  may  crystallise  out.  Prom  the  aqueous  solu- 
tion of  this  salt  the  acid  may  be  obtained  by  careftdly  addins  sulphuric  add  and 
filtering;  it  may  also  be  obtained  by  decompodng  the  lead-salt  with  sulphydric  add  and 
filtering.  Either  of  these  filtrates  evaporated,  first  over  the  open  fire,  and  then  over 
oil  of  vitriol  in  vacuo  at  ordinary  temperatures,  leaves  the  concentrated  add  in  the  form 
of  an  oil,  which  ndther  dries  up  nor  decomposes  when  left  for  a  longer  time  in  vacuo. 
(Pelouze.) 

The  concentrated  add  is  a  colourless,  inodorous,  visdd  oil,  which  reddens  litmus 
strongly,  and  has  a  biting  sour  taste.  It  deposits  a  few  shining  crystals  of  the  acid, 
which,  however,  do  not  increase  at  22^.  When  boiled,  it  first  gives  off  ether  mixed  with 
alcohol,  then  ethylene  gas  with  a  trace  of  wine-oil,  and  leaves  phosphoric  add  mixed 
with  charcoal  (Pelouze).  When  distilled  with  acetate  of  potassium,  it  yields  pure 
acetic  ether.     (Liebig,  Ann.  Ch.  Pharm.  xiii.  32.) 

The  add  mixes  with  water  in  all  proportions,  and  may  be  concentrated  by  boiling  up 
to  a  certain  point  without  decomposition  (Pelouze).  It  likewise  mixes  in  all  propor- 
tions with  alcohol  and  ether. 
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Ethylphoaphates,  0"H»M*PO*.*— These  salts  are  all  more  or  less  soluble  in  water 
and  ciystallisabie.  The  lead-salt  is  the  least  solnble.  Most  of  them  haye  a  mazimum 
decree  of  solubility  at  about  40 — 60^. 

The  ammonium^^t  is  easily  prepared  by  saturating  the  acid  with  ammonia.  The 
aqueous  solution  becomes  acid  on  evaporation,  but  the  salt  maybe  obtained  in  a  semi- 
crystalline  form  by  evaporation  in  vacuo  over  oil  of  vitriol  When  carefully  heated  in 
an  oU-bath  it  gives  off  ammonia  as  well  as  water,  but  appears  to  yield  ethylphospha- 
mio  add,  among  other  products.         ^, 

Arseniaus  ethylphoaphaU^  (C*H*)*Afl*PK)",  is  obtained  in  beautifiil  feathery  oys- 
tals  by  dissolving  arsenious.anhydnde  in  the  boilinsp  aqueous  acid  and  evaporating; 
also  by  warming  a  mixture  of  arsenious  chloride  and  an  equivalent  quantity  of  anhy- 
drous ethylphosphate  of  lead  (or  silver),  exhausting  the  mass  with  warm  water,  and 
evaporating  the  filtrate.  This  latter  method,  however,  is  not  so  good  as  the  former, 
as  tne  salt  is  slowly  decomposed  by  water  into  arsenious  anhydride  and  ethylphosphoric 
add.    rChurch.) 

Ethylpho9phaU  of  Barium,  (CH*)BaT0^6H■0,  prepared  as  above,  forms  colourleas, 
very  wort,  right  rhombic  prisms,  passing  into  six-sided  tables  by  trancation  of  the 
acute  latenil  edgesi  It  tastes  agreeably  saline  and  bitter,  effloresces  veiy  slowly  in  the 
air,  gives  off  its  water  of  crTstallisation  at  120^,  acquiring  at  the  same  time  a  pearly 
lustre.  The  crystals  of  the  nexhydrated  salt  immersed  in  a  boiling  saturated  solution 
immediately  assume  a  pearly  aspect,  and  are  found  after  drying  in  vacuo  to  be 
converted  into  the  monohydrate,  (C'H*)Ba"PO\H'0.  On  the  other  hand,  this  mono- 
hydrate,  or  the  anhydrous  salt,  when  treated  with  cold  water,  is  immediately  recon- 
verted into  the  hezhydrate.  A  saturated  solution  of  the  ordinary  salt  evaporated  at 
60® — 60^  deposits  pearly  plates  of  a  hydrate  intermediate  between  the  mono-  and 
hexhydrates,  viz.  (C*fl»)«Ba»P*0".7H«0.    (C hur c  h.) 

The  anhydrous  salt  heated  to  dull  redness  gives  off  water  and  carburetted  hydrogen 
with  traces  of  alcohol  and  ether,  and  leaves  dibarvtic  pyrophosphate  mixed  with  duir- 
coaL    The  principal  decomposition  iB  represented  by  the  equation : 

2(7H*Ba''0*     -    Ba«P«0'  +   2C«H*  +  H«0. 

If  the  dry  salt  be  mixed,  before  ignition,  with  carbonate  of  potassium,  it  likewise  yields 
no  alcohol,  but  the  same  volatile  products  as  when  heated  alone  (Pelouze).  From 
the  cold  aqueous  solution  mixed  with  nitric  acid,  alcohol  throws  down  nitrate  of 
barium,  leaving  ethylphosphoric  add  in  solution. 

The  salt  is  most  soluble  in  water  at  40°,  and  tiie  solution  saturated  at  that  tempera- 
ture deposits  crystals  of  the  6-hydrated  salt>  both  when  heated  and  when  cooled ;  1  pt. 
of  the  (hexhydrated?)  salt  dissolves  in  29*4  pts.  water  at  0°,  in  30*3  pts.  at  5^  in  14-9 
pts.  at  20^  in  10*7  pts.  at  40^  in  12-6  pts.  at  50°,  in  11-2  pts.  at  65<*,  in  12*4  pts.  at 
60°,  in  22*3  pts.  at  SO^,  and  36*7  pts.  at  lOO^'.  The  salt  is  insoluble  in  alcohol  and 
ether,  and  is  predpitated  by  those  liquids  from  its  aqueous  solution. 

The  aqueous  solution  precipitates  tiie  salts  of  lead,  mercury,  and  silver,  but  not  those 
of  iron,  nickel,  copper,  gold,  or  platinum. 

The  ealeittm-4ah  forms  micaceous  scales  slightly  soluble  in  pure  water.  i 

Ferrio  ethylphosphate,  (C*H»)«P^e*PH>«.6H«0,  is  obtained  by  predpitating  a  hot 
solution  of  the  silver-salt,  with  an  equivalent  quantity  of  feme  chloride  aJsoSssdved 
in  hot  water,  and  separates  in  straw-yellow  films  from  the  filtrate  when  heated  to  the 
boiling-point.    (Church.) 

By  predpitating  mixtures  of  ferric  and  aluminic  chlorides  in  various  proportions 
with  ethymhosphate  of  silver,  or  heating  mixed  solutions  of  ferric  and  aluminic 
ethylphosphates  to  the  boiling-point,  or  adding  absolute  alcohol  to  them  till  only 
a    part    is    precipitated,    Church    has    obtained  ftrnco-aliminio    ethylphosphates 

containing  respectively  (C*tf»)«Fe»Al"'P*0«6H«0,  (C«H»)«fe^Al*E*0".6H«0.  and 
(C*H»/F?'A1«P«0«6H«0. 

K/erroso-ferric  ethylphosphate,  (C«H»)«FeTe«P«0W6H»0,  is  obtained  by  predpi- 
tating the  barium-salt  with  a  solution  of  mixed  feixous  and  ferric  sulphates,  and 
adding  alcohol  to  the  filtrate. 

The  Uadsalt,  (C«H»)Pb'TO^H»0,  obtained  by  precipitating  a  solution  of  the 
barium-salt  nearly  saturated  at  70°  with  acetate  of  lead,  is  almost  insoluble  in  cold 
water,  but  slightly  soluble  in  hot  water,  from  which  it  may  be  crystallised.  It  may  be 
obtained  anhydrous  by  heating  it  to  130° — 160°     (C  h u r ch.) 

A  mercurous  salt,  apparently  containing  (C«H*)Hg»P012H«0,  is  obtained  by 
precipitation  from  moderately  concentrated  solutions  in  pearly  plates.  It  dissolves 
slightly  and  with  partial  decomposition  in  cold  water,  but  is  insoluble  in  alcohol. 
(Church.) 
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The^^a«Mtfm--aQd  godiumsalts,  obtained  byjareeipitatiiig  the  barium-salt  with  tho 
oorresponding  Bfulphates,  are  deliquescent  and  aimcult  to  crystallise. 

The  silver-salt,  {C*H»)Ag«PO*.HK),  is  orstalline  and  sparingly  soluble. 

The  stronHum-salt  crystallises  wiUi  difficulty  in  hydrated  crystals,  is  much  less 
soluble  in  hot  than  in  cold  "water,  and*  is  precipitated  from  the  cold  aqueous  solution 
by  alcohoL  

The  uranie  salt,  (C*H»XU*0«)TO*.H«0,  is  obtained  by  dissolving  uranic  oxide  in 
ethylphosphoric  acid,  and  eyaporating  the  filtered  solution  in  pale  yellow  flocks,  which 
dry  up  to  amorphous,  brittle,  lemon-yellow  masses.  It  is  less  soluble  in  boiling  water 
tban  in  water  at  60°  or  TO^'. 

Ethiflphosphate  of  Tetrethylammonium,  (C«H»)(C"H»N)«PO<,  is  obtained  by  precipi- 
tating a  hot  solution  of  the  silrer-salt  with  iodide  of  tetrethylammonium,  and  erapo- 
rating  the  filtrate,  first  at  100°,  then  over  sulphuric  acid  in  vacuo.  It  forms  a  confused 
mass  of  crystals,  which  lose  their  transparency  on  drying,  are  extremely  soluble  in  cold 
water,  and  deliquescent.  It  begins  to  decompose  at  100*^,  and  is  completely  resolved 
at  higher  temperatures  into  triethylamine  and  triethylic  phosphate : 

(C*H»)[(C«H*)^N]«PO*     =     2(C«H»)»N  +  (C«H»)TO*. 

Ethtl-sulphophosphobic  acid,C*HTSO«  -  C*H».H«.PS0".— This  acid,  dis- 
covered by  Cloez  (Compt.  rend.  xxiv.  388),  is  known  only  in  aqueous  solution,  and  in 
its  salts.  The  potassium-  and  sodium-salts  are  easily  obtained  by  agitating  sulpho- 
chloride  of  phosphorus  with  alcoholic  potash  or  soda : 

C«H«0  +  6KH0  +  PSC1»     -     C«H»B?PSO«  +   8Ka  +   8H«0. 

They  dissolve  readily  in  water  and  in  alcohol. 

The  barium-,  strontium;  and  calcium-salts,  obtained  by  saturating  the  aqueous  acid 
with  the  corresponding  carbonates,  are  crystallisable.  The  formula  of  the  barium-salt 
is  CT^mBaTSO*. 

(POy  ) 

DiBTHTL-PHOSPHOBIC     ACID,    C^H"PO«     -     (C«H»)«HPO*  -     (C»H»)70. 

H  J 
(Vogeli,  Ann.  Ch.  Pharm.  Ixix.  180.) — This  acid  is  formed,  together  with  the  preced- 
ing, when  absolute  alcohol  or  ether,  in  the  liquid  or  gaseous  state,  is  brought  in 
contact  with  phosphoric  anhydride.  The  absorption  of  the  vapour  affords  the  best 
mode  of  preparation,  because  when  phosphoric  anhydride  is  introduced  into  liquid 
alcohol  or  ether,  great  heat  is  evolved,  and  the  phosphoric  anhydride  forms  into  lumps, 
which  are  very  slowly  acted  upon. 

Freparation, — ^Phosphoric  anhydride  is  placed  over  anhydrous  ether  or  alcohol  (tbe 
latter  yields  the  best  product"),  and  the  whole  is  covered  with  a  bell-jar  to  keep  out  tho 
moisture  of  the  air.  The  annydride  then  absorbs  the  vapour,  and  in  a  week  or  a  fort- 
night deliquesces  to  a  syrup.  This  syrup  is  saturated  with  carbonate  of  lead,  the  in- 
soluble phosphate  of  lead,  &c.,  removed  by  filtration,  and  the  filtrate  evaporated  over  a 
water-bath  or  a  sand-bath.  A  sparingly  soluble  lead-salt  (ethylphosphate^  then  sepa- 
ratee out  in  pearly  crystals.  On  further  concentration,  the  solution  yielas  groups  of 
crystals  like  caffeme.  These  crystals  consist  of  the  diethylphoephate  of  1^ ;  they 
may  be  purified  by  redissolving  them  at  a  very  gentle  heat  and  recrystaUlBing.  from 
the  solution  of  this  lead-salt  the  lead  may  be  precipitated  by  sulphydric  acid ;  and  the 
filtrate  evaporated  in  vacuo  yields  the  hydrated  acid  in  the  form  of  a  syrup,  which  does 
not  crystallise,  and  appears  to  be  partially  decomposed. 

The  syrupy  add  when  heated  gives  off  pungent  acid  vapours,  and  afterwards  phos- 
phoric ether,  recognisable  by  its  odour.  The  decomposition  terminates  with  a  violent 
frothing  of  the  whole  mass,  and  phosphoric  acid  remains  behind.  • 

The  diethylpAosphates  have  the  composition  (C«H*)«MPO*  or  (C«H*)*M"PK)«,  ac- 
cording to  the  atomicity  of  the  metal.    Thev  appear  to  be  all  soluble  in  water. 

The  barium-salt  is  formed  by  saturating  the  aqueous  acid  with  carbonate  of  barium. 
It  dissolves  readily  in  water  and  dilute  alcohol,  and  may  be  obtained  in  needles  and 
laminiB. 

The  calcium-salt,  (CH*)*CaTK)',  is  obtained  by  adding  carbonate  or  hydrate  of 
calcium  to  phosphoric  anhydride  which  has  been  left  to  deliquesce  over  alcohol  or 
ether,  or  to  the  aqueous  acid  prepared  by  decomposing  the  lead-salt  with  sulphvdric 
acid,  or  by  decomposing  the  lead-salt  with  an  alcoholic  solution  of  chloride  of 
calcium. 

It  is  very  soluble  in  water,  less  soluble  in  dilute  alcohol,  sparingly  in  absolute 
alcohol,  crystallises  on  cooling  from  a  warm,  concentrated  aqueous  solution,  or  from  an 
aqueous  solution  gradually  evaporated,  in  silky  groups  of  crystals  like  the  lead-salt. 
From  the  solution  in  dilute  alcohol  it  crystallises  in  needles.    When  strongly  heated^ 
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it  does  not  gi^e  off  water  or  foBe,  but  deoomposef,  with  eTolotion  of  triethyliephoiphatc^ 
tomiiig  Blightiy  black  at  the  same  time. 

The  copper-salt,  obtained  by  decomposing  the  lead-salt  with  sulphate  of  copper,  is 
Tenr  soluble  in  water. 

The  lead-salt,  (C*H*)^b'T*0>  prepared  as  'above,  dissoWes  readUj  in  cold  water, 
still  more  in  warm  water,  and  separates  on  cooling  firom  a  wann  cancentrated  solution 
in  groups  of  crystals  resembling  caffeine.  It  is  sparingly  soluble  in  cold,  easily  in  hot 
ahwlute  alcohol  It  melts  at  180°,  eolidiffing  to  a  crystalline  mass  on  cooling.  When 
heated  to  about  190°  it  is  resolved  into  triethylic  phosphate,  which  distils  over,  and 
ethylphosphate  of  lead : 

(C«H»yPb'T»0*    «    (C»H»)"PO*  +  ((OT»)Pb'TO«. 
The  other  diethylphosphates  are  decomposed  by  heat  in  a  similar  manner. 

The  maanesittm-  and  niekd-salts  are  very  soluble  in  water;  the  latter  crystallises  in 
groups  of  laminn. 

BiBTHTLSULPHOPHOBPHOBic  i.ciD,(C*H*)*HPSO'.  (Csrius,  Ann.  Gh.Pharm. 
cxii.  190 ;  Jahresb.  1859,  p.  442.)— This  acid  ib  formed,  together  with  triethylic  disnl- 
phophosphate^  by  the  action  of  pentasulphide  of  phosphorus  on  alcohol : 

6C*HK)  +  FS»     -    (C«H»)«HPSO»  +  (C«H»)"[PS*0«  +  2H«a 

Diethylsulphophosphoric  acid  is  a  Tisdd,  oily  liquid  having  a  strongly  add  and  like- 
wise bitter  taste.  It  may  be  boiled  in  aqueous  or  alcoholic  solution  without  decompo- 
sition, but  decomposes  when  strongly  heated  per  se,  giving  off  mercaptan  (and  perhaps 
also  sulphide  of  ethyl),  and  leaves  phosphoric  acid.  It  forms  very  stable  salts,  among 
which  the  amnumium-,potas8ium-,  sodium-,  barium;ealcium-,  and  lead-salts  dissolve  easily 
in  water,  and  are  soluble  also  in  absolute  alcohol  and  even  in  ether;  the  silver-salt  is 
nearly  insoluble  in  water,  but  very  soluble  in  alcohol  and  in  ether.  The  silver-,  lf«d-, 
and  sine-salts  separate  from  their  solutions  by  rapid  evaporation  in  oily  drops,  which 
remain  viscid  for  a  long  time,  but  solidify  in  the  crystaUine  form  when  toudied  with 
a  hard  body. 

DiBTHTL-DisuLPHOPHOSPHOBic  ACID,  (0*H*)*HPSK)'  (Carius^  loe.  «*<.).— 
Produced,  together  with  ethylic  sulphide^  by  heating  triethylic  disulphophosphate 
(if^ra)  with  mercaptan  in  a  sealed  tube : 

(C«H»)»PS«0«  +  C«H».H.8     -    (C'H»)»HPS«0«  +  (C*H»)«S. 
TrletbjUc  dif  111.            Mereap-                    Diethyl-dbol-  Ethylic 

phopbosphate.  Uo.  pbotpboric  lolphida. 

add. 

It  is  a  transparent,  colourless,  amorphous  mass,  viscid  at  a  gentle  heat  Its  salts  are 
produced  by  the  action  of  alcoholic  sulphydmte  of  potassium  or  sodium  on  triethylic 
disulphophosphate,  mercaptan  being  formed  at  the  same  time : 

(0*H»)«PSK)«  +  KHS     -     (C«H»)«KPS»0»  +  C«H».H.S. 

BiBTKTL-TBTBABULPHOPHOSPHOBic  ACID,  (C*H*)*HPS*. — The  potassium-salt 
of  this  acid  is  formed  by  the  action  of  alcoholic  sulphydrate  of  potassium  on  triethylic 
tetrasulphophosphate.    (Gar ins,  loc.  cit.) 

Tbibtbtlio  Phosphatb,  (C«H»)»P0*  «  ^^il J 0».— This  ether  was  disco- 
vered by  Yd ge  11,  who  obtained  it — 1.  By  heating  diethylphosphate  of  lead  to  190^ 
(ifid.  supX — ^2.  In  small  quantity,  together  with  diethylpbosphoric  acid,  by  the  action  of 
phosphoric  anhydride  on  alcohol.  It  is  likewise  produced — 3.  By  heating  phosphate 
of  silver  with  iodide  of  ethyl  to  100^  (a  slight  action  takes  place  also  at  common 
temperatures),  exhausting  the  mass  with  ether,  heating  the  liquid  which  remains  after 
the  evaporation  of  the  ether  to  160°,  and  distilling  it  in  vacuo  at  140^  (De  Clermont, 
Ann.  Ch.  Pharm.  xci:  376). — 4.  By  the  Action  of  ozychloride  of  phosphorus  on  eUiylate 
of  sodium: 

8Cra*NaO  +  POa«    «    3Naa  +  (cra»)«po*. 

The  liquid  filtered  firom  the  chloride  of  sodium  is  freed  fi;om  ether  by  heating  it  in  the 
water-bath,  and  the  residue  is  distilled  (Limpricht,  Ann.  Ch.  Pharm.  czxziv.  347). 
— 6.  By  the  action  of  the  oxychloride  on  absolute  alcohol.    (Schiff.) 

Triethylic  phosphate  is  a  Umpid  liquid,  having  a  peculiar  odour,  a  specific  gravity 
of  1-072  at  12^  and  boiling  at  215^  It  is  soluble  in  water,  alcohol,  and  ether,  but  is 
slowly  decomposed  by  contact  with  water.    (Carius.) 

.  Tbibthtlic  Disulphophosphatb,  (C*H*)»PS*0*,  is  obtained,  together  with 
diethylsulphophosphoric  add  {vid.  sup,),  by  the  action  of  pentasulphide  of  phosphorus 
on  alcohoL  It  is  a  colourless  oUy  liquid,  having  an  aromatic  and  somewhat  alliaceous 
odour,  especially  when  warmed,  and  distilling  undecomposed  with  vapour  of  water. 
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•Wbeb  treated  with  alcoholic  sulphydrate  of  potaBaiam  or  sodiam,  it  yields  diethyl- 
distdphophosphorio  add  and  mercaptan  (Oariua,  p.  592).  With  alcohols,  it  yi^dti 
diethjl-snlphophoaphoric  acid,  together  with  a  anlphide  of  ethyl,  and  theradide  of  the 
alcohol  employed ;  e.ff.  with  amyuc  alcohol : 

(C«H»)»PSK)«  +  (C»H")HO    -     (C«H»)*HPSH>»  +  (C*H*XC*H»)8. 

Tbibthtlio  TBTBA8ULPK0PH08PHATB,  (C*H*)*PS*.  (Cairiufl^  loc.  ait) — 
Produced  by.  the  action  of  pentaanlphide  of  phoephoma  on  mercaptan,  or  better,  on 
mercaptide  of  mercory : 

8(C»H»)«Hg''S»  +  P«S«     «     2(C«H»)T>S«  +   8Hg"S. 

It  is  a  light  yellow  oil^  liquid  resembling  triethylic  disolphophoBphate,  but  more 
easily  decomposible.  With  alcohoUc  salphydrate  of  potassium  it  jimda  diethyl-tetra- 
sulphophosphoric  add,  and  with  hydrate  of  potassium,  the  potassium-salt  of  another 
acid,  probably  diethyl -trisulphophosphoric  acid,  (C*H*)'HP8»0. 

Tbtbbthtlic  Ptbopho8PhjlTb,(C*H»)*PH)».  (De  Clermont,  loc.  ciV.)— Pro- 
duced by  heating  dry  pyrophosphate  of  silver  with  iodide  of  ethyl  to  100^  in  a  sealed 
flask.  The  filtered  liquid  is  then  distilled  at  the  heat  of  the  water-bath,  and  the  visdd 
residue  is  dried  by  passing  air  through  it  at  130^,  and  then  heating  it  in  tbcuo  to  140^. 
It  is  a  yisdd  liquid,  of  specific  grayity  1 '172  at  17^ ;  has  a  peculiar  odour  and  burning 
taste ;  bums  with  a  whitish  flame,  difilising  white  vapours.  Potash  deeomposes  •  it, 
forming  crystallisable  deliquescent  diethylphoephate  of  potassium.  It  is  sduble  in 
wat^r,  alcohol,  and  ether,  soon  turns  add  when  exposed  to  the  air,  and  dissolyeB  a  Bmall 
quantity  of  silver-iodide. 

WtotliyUo  VlUMplwtaB  or  lleCli^plftosplkoiie  ethers.  The  monomethylie 
and  dimethvHc  phosphates  have  been  obtained  by  Hugo  Schiff  (Ann.  Ch.  Pharm. 
cii.  334) ;  uie  trimetaylic  ether  is  not  known. 

The  two  add  ethers  are  produced  simultaneously :  1.  By  the  action  of  phoephorie 
ozychloride  on  methylic  alcohol : 

8(CH«)H0  +  POCl*     -    (CH»)H«PO*  +  2CH»a  +     HCl, 
and  8(CH»)H0  +  POCl*     -     (CH«)«HPO*  +     CH«C1  +  2HCJL 

On  mixing  the  two  h'quids,  great  heat  is  evolved,  vapours  of  hydrochloric  add 
and  chloride  of  methyl  given  of^  and  a  dark  red  liquid  remains  consisting  of  mono- 
and  dimethylphosphoric  adds,  ihe  former  being  in  the  greater  quantity.  But^  if  the 
phosphoric  oxvchloride  be  placed  in  a  flask  attached  to  the  lower  end  of  a  condensing 
apparatus,  and  standing  in  cold  water,  and  the  wood-spirit  be  added  by  drops  from  the 
upper  endL,  each  addition  being  made  only  after  the  reaction  produced  by  the  former 
has  subsided,  the  product  consists  almost  entirely  of  dimethylphosphoric  add,  which; 
after  the  red  liquid  has  been  freed  from  hydrochloric  add  and  wooa-spirit  by  heating 
it  for  several  hours  in  the  water-bath,  remains  in  the  form  uf  a  colourless  syrup,  but 
by  continued  heating  over  the  water-bath  is  gradually  resolved  into  wood-spirit  and 
phosphoric  add. 

2.  By  the  action  of  pentachloride  of  phosphorus  on  methylic  alcohol,  phosphorio 
oxychloride  being  first  formed,  as  shown  by  the  equation, 

(CH»)HO  +  PC1»     -    P0C1«  +  CH«a  +  HCl, 

and  then  acting  on  the  rest  of  the  methylic  alcohol  as  above. 

(PO)*"  ) 

Dimetkiflpkospkorie  acid,  (CH")«HPO*  -  (CH»)«>0»,  is  veoy  sour,  attacks 

H    ) 
sine  with  evolution  of  hydrogen,  and  decomposes  carbonates  with  fiidlity.    The  aqueous 
tolution  is  readily  decomposed  by  boiling  apparently  with  formation  of  monomethyl- 
phosphoric  add.    It  is  soluble  in  alcohol  and  ether. 

The  dimethylphosphates,  (CH*)*MPO«  and  (CH*)^M'T'0',  are  obtained  by 
neutralising  the  aqueous  add  with  the  corresponding  carbonates.  Some  of  the  less 
soluble  may  also  be  obtained  by  predpitation.  They  are  easily  separated  firom  the 
monomethylphosphates,  which  are  mucn  less  soluble  and  separate  out  on  evaporation. 
The  dimethylphosphateB  are  mostly  colourless,  dissolve  pretty  readily  in  water,  lees 
in  alcohol,  not  at  aill  in  ether,  and  are  predpitated  by  alconol  and  ether  from  their  con- 
centrated solutions. — ^Almost  all  of  them  contain  several  atoms  of  water  of  cryetallisa- 
tion. — Their  aqueoua  solutions  are  decomposed  by  evaporation,  unless  the  heat  is 
kept  very  low.  By  distillation  they  yield  the  same  products  as  the  free  acid,  with  a 
residue  of  phosphate. 

The  barium-salt,  (CH')*BaTO^  forms  nacreous  laminsB  nearly  insoluble  in  alcohoL 
The  strontium^salt,  (CH')«3r'TK>*.2H*0,  is  somewhat  more  soluble  in  alcohol  than  the 
barium-salt,  and  crystallises  from  the  alcoholic  solution  by  gradual  evaporation  in 
silky  crystalline  kmins  arranged  in  radiated  groups.    It  gives  olFits  water  at  160^. — 
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The  adehtm-^dt,  (CH')H?a'T*0',  MMntes  in  wmrtj  muses,  rery  solvble  in  water, — 
The  magnenum-^t  is  a  white  powder  solnble  in  water. — ^The  eina-talt  is  white  and 
father  solnble. — The  tron  and  eopper-saltM  appear  also  to  be  easily  soluble,  inasmneh 
as  the  solution  of  the  salt  is  not  precipitated  bj  solutions  of  iion,  caldnm,  or  copper. — 
The  lead-salt,  (GH')^bTH)*,  is  precipitated  from  the  concentrated  aqueous  solution 
bj  ether  in  flakes. 

The  solnble  dimethjlphosphates  form  white  precipitates  with  salts  of  eoball,  mercury, 
and  silver. 

The  monomethylphosphates,  (CHF)1PP0*,  are  mnch  less  soluble  in  water 
than  the  dimethylophcwphates.  The  barium-salt,  (CH^BaT0«.2H^,  is  leas  soluble 
in  water  at  100^  than  in  lukewarm  water,  and  separates  as  soon  as  the  solution  is 
placed  oyer  the  water>bath,  in  lamina  having  a  strong  lustxew  It  giyes  off  the  greater 
part  of  its  water  of  ci^rstallisation  eyen  on  exposure  to  the  air,  a  farther  portion  oyer 
sulphuric  add,  losing  its  lustre  at  the  same  time,  and  the  whole  (2  at.)  at  160^.  When 
strongly  heateid  it  gives  off  combustible  gases. 

Sulpioekloride  of  phosphorus  forms  with  methylic  alcohol  an  add  ether,  whose 
barium-salt  is  solnble  in  water.  This  ether  is  probably  monomethylic  sulpho- 
phosphoric  acid,  (CH')H*P30'. 

^  ) 
Adducduic    Methylphosphorous  acid,  CH^PO*  ->  CH'lO*(Schifi^<oc.ci^]L 

^— Anduoed  by  the  action  of  trichloride  of  phosphorus  on  methylic  alcohol : 

8CHK)   +  Pa«     -.     CH»PO«  +   2CH»C1  +  HCL 

Trichloride  of  phosphoms  is  added  by  drops  to  methylic  alcohol  as  long  as  any  action 
takes  pbue,  and  the  liquid  is  left  in  a  warm  place  for  several  hours,  to  expel  hydro- 
chloric add  and  excess  of  methylic  alcohol.  The  compound  is  thus  obtained  in  the 
form  of  a  nearly  colourless,  very  add  syrup,  which  draws  out  into  threads,  and  cannot 
be  made  to  erystalHse.  On  attempting  to  concentrate  it  further  by  heat,  it  is  resolved 
into  methylic  aloohol  and  phosphorous  add. 

The  methylphospkites,  (GH'^HMFO*,  are  obtained  by  treating  the  corresponding 
carbonates  with  the  aqueous  acid.  By  evaporation  at  ordinaiy  temperatures  or  at  a 
yexy  gentle  heat^  they  are  obtained  as  amoiphous  masses  which  exhibit  erystaUine 
structure  when  scratched  with  a  sharp-edged  tooL  When  strongly  heated,  iiiej  ffive 
off  phosphoretted  hydrogen  and  combustible  hydrocarbons,  leaving  a  residue  of  phos- 
phate mixed  with  a  little  amorphous  phosphorus.  They  are  hygroscopic,  and  dissolve 
readily  in  water,  sparingly  in  alcohol,  and  not  at  all  in  ether.  The  aqueous  solutions 
decompose  slowly  at  ordinazy  temperatures  into  methylic  alcohol  and  phosphates. 
This  oecompontion  takes  place  most  qtdckly  when  the  solutions  are  add,  and  may  be 
prevented  by  keeping  an  excess  of  the  carbonate  in  the  liquid  during  evaporation. 

The  hariwmrsaU,  (CH*)'ll"iiaT*C)*,  is  anhydrous,  less  soluble  in  water  and  in  alcohol 
than  ths  caldum-salt.  The  ealeiumnsalt,  (CH*)*H*GaT'0*.2HK),  gives  off  its  water 
at  100^.    The  lead-salt,  (CH*)*H'Pb'TK)',  is  ver^  easily  decomposed  by  heat. 

The  solution  of  the  caldum-salt  does  not  precipitate  the  duorides  of  copper  and 
iron ;  with  mercuric  chloride,  it  forms  a  white  precipitate ;  and  with  nitrate  of  silver,  a 
predpitate  which  is  white  at  first  but  quickly  yields  reduced  silver. 


Vb«Bj]lo  Mimipluites  or  Ftaeaylpli««p]iorle  'SUmts. — 1.  Monophenyl- 
phosphorie  acid,  (C«H*)H«PO*,  has  been  obtained  by  Church  (Proc  Boy.  Soc. 
xiiL  620),  but  the  mode  of  preparation  is  not  described.  Both  the  add  and  its  salts 
oxidise  rapidly. 

(POy  •) 

2.  Diphenylphosphorie  acid,  C»E}^FO*  -  (C^*)«VO«.— This  add  ether  is 

H  i 
obtained  by  the  action  of  pentachloride  of  phosphorus  on  phenylic  alcohol  prepared 
from  saHcylie  acid  (p.  390),  and  appears  to  constitute  the  chief  portion  of  the  product. 
At  ordinary  temperatures  it  is  a  granular  ciystalline  powder,  and  after  bdng  freed 
from  adhering  liquid  by  pressure  between  paper,  may  be  kept  in  paper  in  the  warmest 
and  dampest  weather  without  alteration,  it  dissolves  easily  in  a  weak  solution  of 
caustic  soda  to  which  a  little  aloohol  is  added,  £>rining  the  diphenylphosphaie  of  sodium, 
(C*H*)'NaPO\  which  ciystallises  cm  eooling  from  a  hot  saturated  solution  in  prisms  or 
needles.  These  crystals  yield  by  analyns  2264,  22*82,  and  22*91  per  cent,  water,  and 
8*96,  8'91,  and  9*02  per  cent  phosphorus,  agreeing  nearly  with  the  formula, 
2((>H»)«NaPO*.9H»0,  which  requires  22-95  per  cent  water  and  8*78  per  cent  phos- 
phorus. Sometimes  (under  circumstances  not  predsely  determined)  flattened  needier 
wereobtainedcontaining24*56~24*81  percent  water;  the  formula  (C«H*)*NaP0*.6H*0 
requires  24*81  per  cent  On  mixing  the  aqueous  solution  of  the  sodium-salt  with 
neutral  acetate  of  lead,  a  nacreotis  crystalline  predpitate  is  formed  containing  29*2 
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per  cent  lead,  which  agrees  nearlj  with  the  formula  (O^H'/FbT'O*,  requiring  29*4 
per  oeot    (H.  Watts,  6melin*s  Handbook,  zii.  249 ;  and  unpublished  exptrxTnents,) 

Hugo  Miiller,  in  making  some  experiments  with  the  view  of  obtaining  phenylene 
£rom  phenol  by  the  action  of  phosphoric  anhydride,  has  recently  obtained  a  phenyl- 
phospiioric  acid,  the  formula  of  which  is  however  not  yet  made  out  "When  phosphoric 
anhydride  is  brought  in  contact  with  arstalline  phenol,  elevation  of  temperature  takes 
place  and  a  pasty  mass  is  foimed,  which  on  heat  beinff  applied  becomes  nomogeneons. 
The  temperature  being  raised  still  higher,  unchanged  ^enol  distils  over,  but  there  is  no 
indication  that  phenylene  is  formed  in  this  reaction.  On  dissolving  the  residuaiy  mass 
in  water  and  treating  it  with  barium-earbonate^  a  solution  of  phenylphosphate  of  barium 
is  obtained,  which,  t^er  precipitation  of  the  barium*salt  with  sulphuric  acid  and  care- 
ful evaporation,  yields  the  phenylphosphoric  add  in  the  state  of  a  heav^  oily  liquid, 
which  separates  firom  the  concentrated  solution.  This  phenyl-phosphonc  acid  forms 
with  most  metals  well  crystallised  salts. — The  potassium-,  sodium-  and  ammoniuTf^ 
salts  are  veiy  readily  soluble  in  water. — ^The  fnagnesiumsaU  oystallises  with 
difficol^Ti  And  is  moderately  soluble  in  water. — The  bariuni'Salt  ciystallises  in  magnifi- 
cent asbestos-like  ciystals.  Solutions  of  the  barium-salt  give  with  acetate  of  1^  a 
white  flocculent  precipitate,  which  soon  becomes  converted  into  a  mass  of  fibrous 
crystals.  Dilute  solutions  give  no  precipitate,  but  on  evaporation  yield  ciystals 
resembling  the  barium-salt. — The  silver-salt  is  a  white  precipitate  which  soon  becomes 
yellow  and  brown.  Solutions  of  the  phenyl-phosphate  of  barium  do  not  give  precipi- 
tates with  copper-,  cobalt',  nickel-,  or  einc-salts  in  the  cold,  but  when  heat  is  applied, 
precipitates  are  formed  which  cUssolve  again  on  cooling.  The  phenylphosphates 
like  tne  corresponding  ethylj^iosphates  possess  the  peculiar  property  of  being  less  soluble 
in  hot  water  tnan  in  cold :  their  maximum  solubility  appears  to  lie  between  40^  and 
60^.    (Communioaiionfrom  Dr,  NiUlsr,) 

Triphenylie  Phosphate,  {Cm*yPO*  -  /c?h*v|^-    (Williamson    and 

Scruffham,  Chem.Soe.  Qu.  J.riL  240.) — ^This  compound,  the  neutral  phosphate  of 
phenyl  is  produced,  toother  with  chloride  of  phenyl,  by  the  action  of  pentachioride  of 
phosphorus  on  phenylic  alcohol  obtained  firom  coal-tar  creosote,  and  constitutes  that 
portion  of  the  product  (the  largest)  which  distils  above  the  range  of  the  mercurial 
thermometer.  It  is  punfied  by  treating  the  crude  product  with  strong  aqueous  potash, 
removing  the  potash  by  washing  with  water,  and  distilling  the  remaining  liquid  two  or 
three  times. 

This  ether,  at  the  ordinary  teniperatures,  is  a  thick,  oily,  fluorescent  liquid,  but  solidi- 
fies at  low  temperatures  to  a  mass  of  crystals.  It  is  inodorous,  soluble  in  alcohol  and 
ether,  but  insoluble  in  potash  except  on  boiling.  It  is  yeiy  expansible,  sinking  in  a 
cold  solution  of  potash,  but  rising  to  the  surface  on  the  application  of  heat,  and  again 
falling  to  the  bottom  on  cooling.  It  is  decomposed  by  ethylate  of  sodium,  or  by 
evaporation  to  dryness  with  strong  potash ;  and  on  adding  nitzHte  of  potassium  to  the 
residue,  fusing,  treating  the  fused  mass  with  water,  and  neutralising  with  hydrochloric 
acid,  a  solution  is  obtained  in  which  the  phosphoric  acid  may  be  detected  and  estimated 
in  the  usual  way  with  ammonia  and  sulphate  of  magnesium.  The  ether  gave  by 
analysis,  65*92  per  cent  carbon,  6*13  hydrogen,  and  8*00  phosphorus,  the  formula 
((?A*yPO*  requiring  66*11  carbon,  4*69  hy£ogen,  9*7  phosphorus  and  19-69  oxygen. 

(BO)'"  ) 

Oljeeropbotsptaorte  Aeld^  CfH*PO*  -  (C>H*)'*  VO^,  existing  in  the  yolk  of 

H*    ) 
egsa  and  in  the  brain,  and  produced  artificially  by  the  action  of  phosphoric  acid  or 
anhydride  on  glycerin,  has  becoi  already  described  (iL  896). 

(POy  ) 

Ao0t7lVlMMi^taMie  Aotd,  probably  G«H*PO*  ->  (C*H*0)*>0*.HK),  is  obtained 

A         } 

by  the  action  of  acetylic  chloride  on  phosphate  of  silver.  On  treating  the  resulting 
mass  with  water,  the  acetylphosphorio  acid  dissolves,  together  with  ^osphoric  add; 
and  by  neutralising  the  evaporated  filtrate  with  carbonate  and  hydrate  of  caldum,  pre^ 
dpitating  with  acetate  of  lead,  and  decomposing  the  lead-salt  with  sulphydric  add,  the 
acetylphosphorio  add  is  obtained  as  a  visdd  liqukl  which  is  resblv^  by  boiling 
the  solution  into  phosphoric  and  acetic  adds.  The  barium-  ttodealciumsalts  are  easily 
soluMe ;  the  former,  G*H'Ga''P0'.4KK),  crystallises  in  radiate  needles  and  prisms  per- 
manent in  the  air.    (Kiimmer  er  and  Cairns,  Ann.  Gh.  Fhaim.  cxxxL  170.) 

AeetjlyjrepHogplwrie  AeM«    (0*H*0)H*PK)'  -  C>H*0  }0\     (N.   Men- 

H»     J 

sehutkine,  Bull.  Soc.  Chim.  1865,  i.  269.)— Produeed  by  the  action  of  nitric  add,  or 
of  hydric  peroatide  on  acetylpyrophosphorous  add,  (C»HH))HTH>»  (p.  634).— » 
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The  harhmrmU,  (C>H*0)HBaT*6'.2HK>,  is  obtuDed  bj  adding  a  flolntion  of  barium- 
peroxide  Id  dUiite  hTdroenloric  acid  to  a  solution  of  potassic  acet^lpyropboephite.  It 
IB  a  ciystalline  preapitate,  insoluble  in  water,  moderately  soluble  m  dilute  acids.  Its 
solution  in  nitnc  acid,  decomposed  by  an  equivalent  quantity  of  sulphuric  acid,  yields 
the  aqueous  acid ;  and  on  neutralising  Uiis  with  ammonia,  and  adding  acetate  of  lead, 

the  Uad-^alt,  (C'EK)fPf^T*0^\  is  obtained  as  a  predpitate,  insoluble  in  water,  easily 
soluble  in  dUute  nitric  add.— The  mlver-saU,  (C>H'0)Ag*P>0',  obtained  in  like 
manner,  is  a  white  precipitate  whiiili  giadually  turns  yellowish.  It  dissolves  without 
decomposition  in  dilute  nitric  acid  and  in  dilute  ammonia^  but  strong  ammonia  poured 
on  the  dry  salt  reduces  part  of  the  silver. 

Acetylpyrophosphoric  add  is  slowly  converted  into  phosphoric  add  by  ebullition 
with  aqueous  add  and  alkalis,  quickly  by  ftision  with  hydrate  of  potaanum  or  carbonate 
of  sodium. 


Wmomwmomjn^  OXTSmoanBB  or.  POBr*.— This  compound,  discovered 
by  Gladstone  (PhiL  Mag.  [8]  zzzv.  846 ;  Jahresb.  1849,  p.  248^  israoduced  by  the 
decomposition  of  the  pentabromide  in  moist  air:  PBi*  +  fl^  ^  2HBr  +  POBt*; 
and  in  a  pure  state  by  the  action  of  the  pentabromide  on  alcohols  and  adds,  e.^.,  by 
treatimr  1  at  of  the  strongest  acetic  add  with  1  at  of  the  pentabromide  (H.  Bittei; 
Ann.  Ch.  Pharm.  xiv.  210): 

C«H«O.H.O     +    PBr»      -      POBr*     +     C«H«OBr     +     HBr; 

Acetic  Oxfteomldc  of      Bromide  of 

add.  pbosphonit.  acetjl. 

or  1  at  ftised  oxalic  add  with  1  at  pentabromide  (Baurdrimont»  Bull  8oe.  Chim. 

1861,  p.  118),  the  reaction  being  smiilar  to  that  with  the  pentachloride  (ii^fra). 

After  rectification,  it  forms  a  ciystuline  mass  composed  of  large  laminae,  melts  at  45^ 

or  46^  to  a  colourless  liquid;  has  a  spedfio  gravity  of  2*822  [solid  or  liquid  ?1 ;  boils  at 

195^  (Bitter).    It  is  slowly  decomposed  bv  water  into  phosphoric  and  hyorobromio 

adds,  and  acts  upon  dcohols,  adds,  &c.  in  the  same  manner  as  the  oii^chlorideb 

PRaSVBOainiv  OXTOH&OmZDa  or.  POGl'.— This  compound,  disooTcred 
by  Wurts  (Ann.  Ch.  Phvs.  [8}  xx.  472),  is  produced  by  reactions  analogous  to  those 
aoove  described  for  the  s>rmation  of  the  oxybromide.  Gerhardt  (Ann.  Ch.  Phys. 
[3]  xxxrii.  286)  recommends,  as  the  best  mode  of  preparing  i^  to  distil  pentachloride  of 
phosphoms  witJk  half  its  weight  of  oxalic  add  completely  deprived  of  its  water  of 
crystallisation: 

CBK)*  +  Pa»    -    POd*  +  3HC1  +  CO  +  C0»; 

or  6  pts.  of  the  pentachloride  with  1  pt  or  rather  more  of  eEystallised  boric  add  (ihid. 
zlv.  102) : 

2H"B0«  +   8Pa»     -     3P0a«  +  B*0»  +   6HCL 

In  dther  case,  hydrochloric  add  is  given  oiF  as  gas^  and  oxydiloride  of  phosphorus  is  the 
only  liquid  product  of  the  distillation.  The  oxydiloride  is  also  proouoed  by  passing 
oxygen  gas  into  boiling  trichloride  of  phosphorus ;  and  bv  mixinff  the  pentatmloride 
with  phosphoric  anhy&de:  1*0*  +  8PC1*  *  6P0C1*;  and  according  to  Lautemann 
(p.  636)  by  heating  phosphoric  anhydride  with  dry  chloride  of  sodium. 

Oxychloride  of  phosphorus  is  a  colourless  fuming  liquid  having  a  specific  grant?  of 
17  and  boiling  at  lliX^.  It  is  decomposed  by  water  like  the  oxybromide^  yielding 
hydrochloric  and  phosphoric  acids : 

POCl*  +   8H*0     -     3HC1  +  H«PO*. 

Like  pentachloride  of  phosphorus,  the  oxydiloride  is  largely  used  for  preparing  tlie 
chlorides  of  different  nidides^  according  to  a  reaction  first  introduced  by  Gerhardt 
{loc.  cit.) ;  with  acetate  qf  potassium  lor  example  it  yields  phosphate  of  potasdum  and 
chloride  of  acetyl : 

8(C«H»0.K0)  +  P0C1«    «    K«PO*  +  8C*H«0a 

(see  Chlobidbs,  i.  897).  Heated  with  metaUie  oxides,  it  forms  a  metallic  chloride  and 
phosphate.  Heated  to  100^  in  a  sealed  tube  with  oxychloride  of  chromium,  it  reacts  in 
the  manner  shown  by  the  equation.: 

lOPOa*  +   12CrO*Cl«    -    8Cr*0«  +   6CrCl«  +  6PW  +   18C1«.    (Casselman.) 
"With  aqueous  aHoohol  of  ordinary  strength  it  forms  monoethylphosphoric  add,  and 
irith  anhydrous  alcohol,  triethylic  phosphate  (Schiff,  Jahresb.  1867,  p.  10) : 

POa«  +  C«H».H.O  +   2H«0     -     C»H».H«.PO*  +  8Ha: 
and  P0a«  +  8(C«H*JBL0)       ««      (C«H»)T0*    +  3HCL 

With  ammonia  it  forms  phospho-triamide,  according  to  the  equation : 

P0C1»   +   8NH»     «     ^H'^'In*  +   8HC1; 
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and  felAilmly  with  amline  asuilutpkiJ^Uimine,  it7id<]e  tt^henyl.  and  (riiUiphdiylplios- 
photriamide,  e.g, : 

"^  "^  CPory 

POCP  +  8(N^.C«H»)    -    (C«H*)«VN»  +  3HCL 

When  added  by  dropa  to  heated  sine-ethyl,  it  acts  with  great  vioknoe  and  forms  a^ 
cdoiiriess  yiadd  Uquid,  solidifying  after  a  while  to  a  vitreous  mass^  which  when 
treated  with  water,  yields  insoluble  ozychloride  of  sine  and  a  soluble  compound  of 
zinc-chloride  with  chloride  of  tetrethylphoephonium,  2P(0'H*)*CLZn''Cl*.  (Febal, 
Ann.  Ch.  Pharm.  cxx.  194;  Jahresb.  1861,  p.  491.) 

.  Conpound*  of  Phcsphoric  Oxychtoride  with  MttaUic  chlorides  (Casselman,  Ann. 
Gh.  Pharm.  xci  241 ;  zcviii.  213 ;  Jahresb.  1864,  p.  860;  1856,  p.  282).^Ox7ehloride 
of  phosphorus  forms  aystalline  compounds  with  seyeial  metallic  chlorides.  The 
aluminium^^ompotmd,  AlCl'.POCl',  is  obtained  by  heating  chloride  of  aluminium  with 
excess  of  the  oxychloride  in  a  sealed  tube,  and  separates  on  alow  cooling  in  transparent 
colourless  cmtids.  It  melts  at  165**,  solidifies  in  the  cEystalline  form  on  cooling;  boils 
at  a  heat  below  redness,  and  may  be  passed  in  the  state  of  vapour  throuffh  red-hot 
tubes  without  decomposition.  It  deliquesces  when  exposed  to  the  air,  and  dissolves  in 
water,  with  eonsideiable  rise  of  temperature,  and  formation  of  alumina,  hydrochlorio 
acid,  and  phosphoric  add  (Casselman n,  Ann.  Ch.  Pharm.  xcviiL  213;  Jahresb. 
1866,  p.  282). — ^A  magnuium^omfound,  M^'CP.P0C1',  is  formed  in  like  manner,  but 
very  su>wly,  and  may  be  freed  from  excess  of  the  oxychloride  by  prolonged  heating  to 
160^  in  a  current  of  diy  air.  It  is  inodorous ;  deliquescent;  is  decomposed  by  water 
like  the  preceding  compound ;  and  is  resolved  at  a  red  heat  into  chloride  of  magnesium 
and  oxydiloride  of  phosphorus. — ^A  stannic  compound^  Snf'CKPOCl*,  is  prodaoed  im- 
mediately, as  a  white  crystalline  mass,  on  bringing  stannic  chloride  in  contact  with  oxy- 
chloride of  phosphoros.  It  also  separates  in  crystals  ficom  the  yellow  liquid  formed  on 
treating  the  compound  SnCl^SCl*  with  oxychloride  of  phosphorus.  It  has  a  peculiar 
odour,  melts  at  66^,  boils  at  180^,  and  if  protected  ftom  contact  with  moist  air,  distils 
over  unchansed«  It  fumes  in  the  air  and  is  decomposed  by  water,  yielding  stannic 
chloride,  hydrochloric  acid  and  phosphoric  add;  if  a  large  quantity  of  water  is  present,, 
stannic  phosphate  separates  out. 

A  compound  of  phosphoric  oxychloride  with  chloride  of  einc  is  produced  by  distilling 
the  two  substances  together  in  an  apparatus  which  allows  the  distilled  liquid  to  flow 
back  continually  on  the  fhsed  chlonae  of  one ;  or  by  pasdng  the  vapour  of  the  oxy- 
chloride over  melted  zinc-chloride,  kept  at  a  temperature  below  its  boiling  point.  It 
collects  in  the  receiver  in  rhombic  ciyftals. 

Oxychloride  of  phosphorus  does  not  act  on  chloride  of  copper  even  when  heated. 
Merourie  chiorids  slowly  heated  to  100^  with  the  oxychloride  in  sealed  tubes,  becomes 
covered  with  colourless  crystals.  The  chlorides  of  potaeevtm,  sodium,  and  barium  are 
converted  by  similar  treatment  into  gelatinous  masses.* 

nOB9BOB>V0f  SHLSWDSS  OV.  These  compounds  have  recently  been  in- 
vestigated by  O.  Hahn  (J.pr.  Chem.xdiL  430;  BulLSocChim.  1866,ii.  20).  Berzelius 
showed  that  selenium  and  phosphorus  unite  in  all  proportions  when  heated  together 
(Chndin^s  Handbook,  ii.  242);  Bogen  (Ann.  Ch.  Pharm.  cxxiv.  67) obtained pentssele- 
nide  of  phosphorus  by  heating  2  at.  amorphous  phosphorus  with  6  aL  selenium  in  a 
stream  of  carbonic  anhydride;  and  Hahn  by  a  similar  process  has  obtained  the  com- 

Sounds  P^Se,  P*Se,  P'Se',  and  P*Se*,  analogous  to  the  sulphides  of  phosphorus.  A 
nown  weight  of  ordinary  phosphorus  having  been  dried  in  a  bulb-tube  in  a  stream  of 
hydrogen,  the  required  quantity  of  pulverised  selenium  is  added  and  the  mixture  is 
heated :  combination  then  takes  place  at  temperatures  above  100^,  attended  with  evo- 
lution of  light  and  heat. 

He  ml— lealde  or  Bubselaalda*  P^. — This  compound,  when  freed  from  excesa 
of  amorphous  pho6phorus  (produced  by  the  heat)  bv  diBtulation,  or  by  straining  through 
a  doth  under  water,  forms  a  dark  yellow,  oily,  fetid  liquid  which  solidifies  at  — 12^,  and 
is  converted  by  heat  into  a  colourless  vapour.  '  When  dry  it  takes  fire  immediately  on 
coming  in  contact  with  the  air ;  it  is  also  set  on  fire  by  red  fuming  nitric  add.  In 
water  containing  air,  it  becomes  covered  with  an  opaque  crusty  and  is  partly  decom- 
posed, the  water  takang  up  phosphoric  add  and  a  selenium-compound.  It  dissolves 
easily  in  sulphide  of  carbon,  but  is  insoluble  in  alcohol  and  ether,  by  which  it  appears 
to  be  decomposed.  It  is  not  attacked  by  cold  alkaline  solutions ;  but  when  boiled  with 
them  it  is  decomposed,  with  evolution  of  phosphoretted  hydrogen  and  formation  of  a 
selenide  and  selenite  of  the  alkali-metal.  In  solutions  of  metallic  salts  it  becomes 
covered  with  a  crust  of  metallic  phosphide  and  selenide. 

FrotoMlenide  of  Whrnrnptkowwh  P*Se,  is  at  ordinary  temperatuzes  a  light  red 
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solid  bodjr,  whieli  mbliBiMi  ▼hen  heated  and  bunii  when  set  on  fire  with  a  bri^C 
flame  and  red  smoke.  It  ia  permanent  in  diy  air,  bat  deoompoees  in  moist  air,  giTing 
off  selenide  of  hydroffen.  It  is  insolnUo  in  aloohol  and  eUier;  snlphide  of  earbon 
abstracts  from  it  vanable  qnantitiea  of  phosphorus.  Boiling  potaslM«j  decomposes 
it,  with  eyolntion  of  selcoihTdric  add,  and  formation  of  a  red  substance  oontaming 
both  phosphoras  and  seleninm. 


Metallic  8eUniokjpofko$pkiU9,-^'Bij  owefbUj  heating  dij  miztmes  of  pro- 
toselenide  of  phosphoras  and  a  nMtallio  selemde  in  coniTalentpioportiona,  seleninm- 
salts  are  obtamed  naving  the  general  formnlee  ITOeJ^  orHFSe*  and  M'lSeJ^  ■■ 
M"P*Se'  according  to  the  atomicity  of  the  metaL 

The  potasMum-itUt,  KPSe,  is  white  and  pennanent  in  dry  air;  in  moist  air  it  ex- 
hales selenhydrie  acid,  and  becomes  ooTered  with  a  red  erost.  With  de-aSrated  water 
it  forms  a  solution  which  quickly  decomposes,  with  erolution  of  selenhjdric  add,  sepa- 
ration of  selenium,  and  formation  of  potassic  phosphate.  It  dissoWes  with  partial 
decomposition  in  absolute  ^cohol,  and  cannot  be  crystallised  from  this  solution.  The 
alcohoUc  solution  added  to  solutions  of  metallic  salts  having  an  alkaline  reaction, 
throws  down  easily  decomposible  precipitates  consisting  of  metallic  splenio-hjpophoa- 
phates;  the  predpitates  formed  m  like  manner  in  add  solutions  contain  Tariable 
quantities  of  metallic  selenide.  Frotoselenide  of  phosphorus  ftiscd  with  2  at.  selenide 
of  potassium  forms  a  red  substance  which  when  heated  with  alcoholic  solution  of 
potaflh,  gives  up  selenide  of  potasdum  and  leaves  the  white  compound  KPSe. 

The  seleniohypophosphites  {^sodium,  barium^  trvm,  fMnganete^  lead,  copper,  and  stT- 
ffer  are  obtained  in  the  same  manner  as  the  potasdum-salt  The  preparation  of  those 
containing  the  heavy  metals  ia  dangerous,  unless  small  Quantities  only  are  operated 
upon;  larger  quantities  take  fire  even  when  briskly  rubbea  in  a  mortar,  l^e  sdenio* 
hypophosphites  of  the  heavy  metals,  with  exception  of  the  manganous  salt,  are  very 
stable,  decomposing  only  at  high  temperatures.  They  all  dissolve  ia  nitric  add ;  only 
the  manganous  salt  in  hydrochloric  add.  They  are  slowly  decomposed  by  boiling 
alkaline  solutions. 

TMaeteBlde  of  yiiosplionui  or  VHoaptaoroaa  Mwiltfe.  P%'.— This  com- 
pound, analogous  in  compontion  to  phosphorous  oxide,  is  a  solid  body  of  a  dark  mby- 
red  colour,  and  having,  when  pulverised,  the  aspect  of  amorphous  phosphorus.  When 
heated  it  is  converted  into  a  yellow  vapour  which  condenses  in  films  of  very  various 
colour,  from  light  yellow  to  very  dark  red.  It  burns  in  the  air  with  a  feeble  flame  and 
red  smoke ;  oxidises  slowly  in  moist  air ;  and  gives  off  selenhydric  add  when  boiled 
with  water.  It  is  insoluble  in  alcohol,  ether,^^d  sulphide  of  carbon,  but  dissolves 
easily  in  caustic  potash-ley,  less  easily  in  alkaline  carbonates. 

Seleniophosphitet,  2M^.P«e»  «  M*P«8e»  or  23rS?J«Se«  -  rfT^Se^f 
according  to  the  atomidty  of  the  metaL  When  1  at  phosphorous  selenide  is  fused 
with  2  at.  of  a  metallic  selenide,  compounds  are  formed  which  appear  to  be  of  definite 
constitution,  inasmuch  as  if  a  larger  proportion  of  the  phosphorous  selenide  be  used, 
the  excess  may  be  extracted  from  the  fused  mass  by  solvents,  leaving  a  reddne  having 
the  above  compodtion. 

The  potassitbtn-ealtf  K^PSe*,  is  yellow,  verv  hygroscopic,  and  decomposible  by  water ; 
soluble  in  a  mixture  of  alcohol  and  ether,  less  soluble  in  pure  alcohol  or  pure  ether, 
any  excess  of  phosphorous  selenide  remaim^n^  undissolved.  The  solutions  form  with 
the  salts  of  the  heavy  metals,  unstable  predpitates  of  the  corresponding  metallic  com- 
pounds. 

The  yellow  eodium-aalt  and  the  light-red  barium-salt  have  been  prepared  by  direct 
combination  in  the  dry  way;  also  the  manganese-ealty  Mn^P'Se*,  the  eopper-ealtf 
Cu«I»*Se»,  the  lead-salt,  Fb«P^»,  and  the  silver-salt,  Ag*P^*,  which  are  dark  yellow, 
amorphous  and  tolerably  stable  substances,  dissolved  or  decomposed  only  by  red  fuming 
nitric  add,  excepting  the  manganous  sal^  which  is  dissolved  also  by  boiling  hydro- 
chloric add. 

yeiitaaelealde  of  Vboaptaoni8«  Vliospliorle  Selenide.  P'Se*. — This  com- 
pound, analogous  in  composition  to  phosphoric  oxide,  is  more  difficult  of  preparation 
than  the  preceding ;  it  is  necessary  to  use  very^  finely  divided  selenium,  prepared  by 
predpitation  with  sulphurous  add,  and^  to  mix  the  substances  very  intimately  by 
exposing  them  in  a  glass  tube  to  a  heat  just  suffident  to  melt  the  phosphorus  before 
subjecting  them  to  a  strong  heat  It  is  solid,  dark  red,  permanent  in  moist  ss  well  as 
in  diy  air,  but  decomposes  when  distilled.  It  is  insoluble  in  sulphide  of  carbon ; 
decomposed  by  potash-ley  even  in  the  cold. 

Seleniophosphates,  2M'Se.F'Se*  «  M^F^^— Pentasulphide  of  selenium  like- 

*  Analogous  to  hypothetical  anhydroui  hypophoBphitM,  MPO  or  M*O.P>0  (p.  5M)» 
t  Analogoiu  to- hypoCheiical  anhydrous  phosphites,  M^P>0^  or  2MK>.P*0>. 
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wise  vnites  irith  metalfie  8elemdei»  i^)pAieiitlj  forming  nlta  analogous  in  eomposition 
to  the  pyrophosphAtee ;  but  they  an  Teiy  unstable  and  their  oomposition  cannot  be 
regarded  as  deihiitiTely  establi^ed.  The  poimuium-ialt^  K^F'Be',  is  dark-eoloiuedy 
deliqaescent,  and  immediately  decomposed  by  water,  alcohol,  and  ether.  Hence,  when 
add^  to  solutions  of  metallic  salts»  it  forms  precipitates  consisting  merely  of  metallie 
pboephide  and  selenide.  Similar  remarks  apply  to  the  iodinm'taU  and  to  the  dartum- 
•aU^  whicb  is  of  a  light  bridk-red  colour. — The  copper-saU^  CuT^Se',  tuA  the  mlver-talt, 
Ag^F^',  an  black,  with  Metallic  Instre,  penument  in  the  air,  and  leave  metallie 
phoephxdes  when  ignited ;  they  an  dissolved  only  by  filming  nitric  add.  The  lead-stUi 
IS  black;  the  manffoneae-^alt  light  red. 

VBOSraoitVSf  smbraiBMl  OV.  When  ordinary  phosphorus  and  sulphur 
an  heated  together  in  the  dry  state  or  melted  together  under  water,  combination 
takes  phce  between  them,  attended  with  vivid  combustion  and  often  with  violent 
explosion.  When  amorphoas  phosphorus  is  used,  the  naetion  is  not  eoqplosive  though 
still  very  rapid. 

Six  aiffennteompounds  of  sulphur  and  phosphorus  have  been  obtained,  namely 
P*S,  F>S,  P^,P%P,  P>S*  and  P>S**,  the  first,  second,  fourth  and  fifth  being  analogoos 
to  the  selenide  above  described.  They  may  all  be  fi>rmed  by  heating  the  two  bodies 
together  in  the  required  proportions;  but  the  trisuiphide  and  pentasulphide  an  mon 
easily  pnpand  by  waimmg  the  protosuli^ide  with  additional  proportions  of  sulphur. 
Moreover,  the  two  lower  sulphides,  P^  and  P%,  exhibit  isomeric  modifications,  each 
being  capable  of  existing  as  a  colourless  Uquid  and  as  a  red  solid.  The  proto-,  tri-  and 
pentasulphides  «f  phosphorus  unite  with  metallic  sulphides,  forming  sulphur-salts 
analogous  to  the  selenium-salts  above  described.  Our  knowledge  of  the  sulphides 
of  phosphorus  is  due  chiefly  to  the  researches  of  B6rseliii«.  {2MU  de  Ckimie^ 
Pans,  1846,  L  916 ;  GmeUfCt  Handbook,  ii.  209.) 

XMBtovlpbid*  or  ■wbrndpliMep  P^.  Hypottdfide  pkoepkortux,  I^koipJkonul- 
furet  «.  Colourless  liquid  modification. — ^This  modification  is  prapared  -by 
melting  4  at.  phosphorus  and  1  at.  sulphur  under  hot  water,  or  by  heating  them  in 
the  di7  state  in  a  sealed  tube  to  about  60^,  after  the  oxygen  of  the  endoeed  air  has 
been  taken  up  by  tbe  phosphorus ;  also  by  digesting  phosphorus  in  an  alcoholic  solution 
of  potessiam-perBnlpaide  (Uver  oif  sulphur). 

The  product  thus  obtained  is,  at  ordinary  temperatures,  a  transparent^  oolourlesa 
liquid,  having  the  consistence  of  a  fixed  oiL  At  a  few  degrees  below  0^  it  solidifies, 
forming  a  mass  of  dLender,  colourless  crystals.  It  ftimes  in  the  air,  and  exhales  the 
odour  of  phosphorus.  In  an  atmosphen  free  from  oxygen,  it  may  be  distilled  without 
alteration.  It  readily  takes  fin  in  the  air,  particularly  when  absorbed  by  porous  bodies. 
It  is  insoluble  in  alcohol  and  ether;  but  these  liquds  an  graduall;^  altered  by  it» 
even  out  of  contact  of  air,  and  the  new  products  dissolve  in^  the  liquid,  while  the 
zemaininff  sulphide  undergoes  no  alteration,  but  menly  diminishes  in  volumei  Oilfl^ 
both  fiiced  and  volatile,  dissolve  it  in  small  quantity :  the  solution  shines  in  the  dark, 
and  gives  off  slight  AimM  when  in  contact  with  the  air.  Snbeulphide  of  phosphorus 
dissolvei^  with  the  aid  of  heat^  an  additional  quantity  of  phosphorus,  but  deposits  it 
again  in  the  form  of  rhombic  dodecahedrons  on  coolinff. 

lb  may  be  peserved  without  alteration  in  a  bottle  filled  with  boiled  wator  and  well 
eorked;  but  in  water  impregnated  with  air,  the  phosphorus  gradually  oxidises  and  is 
converted  into  phosphoric  acid;  hence  the  liquid  acquires  an  acid  reaction.  When 
boiled  with  water,  it  slowly  exhales  sulphydric  acid.— When  digested  m  solution 
of  potash  or  soda,  it  yields  a  phosphate,  sulphydrate,  and  polysulphide  of  the  alkali- 
metal;  and  then  finally  remains  a  quantity  of  phosphorus  free  from  sulphur,  whicb 
solidifies  on  cooling. 

/3.  B e d  H o diflc a ti on.  Formed  when  the  preceding  substance,  or  the  liquid  pro- 
tosulphide  of  phosphorus,  is  oently  heated  in  contact  with  an  electro-positive  metaUio 
sulphide.  It  is  best  pnpared  as  follows :— A  layer  of  anhydrous  carbonate  of  sodium 
two  inches  thick  is  placed  in  a  tube  six  or  eight  inches  long,  and  a  quantity  of  li(^uid 
protosulphide  of  phosphoros  poured  upon  it,  drop  by  drop,  till  the  carbonate  of  sodium 
M  slightly  impregnated  with  flie  liquid  throughout  The  tube  is  then  closed  with  a 
cork,  thnu^  which  a  oas-delivery  tube  passes,  and  immersed  in  a  sand-bath,  to  such 
a  deptk  that  the  level  of  the  sand  may  be  a  little  above  that  of  the  salt  within  the  tube. 
The  sand-bath  is  raised  to  a  temperatun  sufficient  to  maintain  the  water  in  a  vessel 
placed  beside  the  tube  in  a  state  of  constant  ebullition.  On  withdrawing  the  tube 
from  the  sand  from  time  to  time,  it  is  found  that  the  mass  first  turns  yellow  without 
fusing,  and  afterwaids  assumes  a  red  colour,  which  commences  at  the  bottom,  and 
gradually  extends  itself  upwards,  increasing  at  the  same  time  in  intensity.  Above 
the  saline  mass  then  is  deposited,  on  the  sides  of  the  tube,  a  spontaneously  infiam- 
mable  sublimate  of  phosphpzous  anhydride,  formed  at  the  expense  of  the  air  already 
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metallic  Bolntions,  snlphides  of  the  metal  contaiDing  -variable  quantities  of  ffolpholiypo- 
sulphite  are  slowly  deposited,  the  Tariation  in  the  results  arising  firom  oxidation  of  the 
phosphorus  at  the  expense  of  the  metallic  solution,  the  quantity  thus  oxidised  depending 
upon  the  temperature  and  the  concentration  of  the  solution.  From  solutions  of  easily 
reducible  metals,  such  as  silver,  nothing  but  a  sulphide  of  the  metal  is  preclpitatea. 
Copper  gives  a  precipitate  of  sulphoh^pophospmte.  With  ammoniacal  solution  of 
cuprous  chloride,  a  dark-red  precipitate  is  obtained,  resembling  cuprous  oxide. 

fi.  Bed  Modification.  Obtained  by  decomposing  sulphohypophosphite  of  man- 
ganese with  hydrochloric  add: 

Mn'aP'S  +  2Ha    -    Mn"01«  +  m3  +  P«S. 

It  IS  an  orange-coloured  powder,  inclining  to  yellow,  tasteless  and  inodorous; 
unalterable  both  in  air  and  water.  By  diy  distillation  it  is  converted  into  the  liquid 
protosulphide,  without  previous  f^ion.  It  assumes  a  darker  colour  when  heated,  but 
regains  its  original  tint  on  cooling.  Takes  fire  in  the  air  at  a  temperature  near  100% 
and  bums  with  a  verr  bright  flame,  emitting  a  thick  smoke. 

When  it  is  digested  in  excess  of  strong  caustic  potash  at  ordinary  tomperaturei^ 
phosDhoretted  hydrogen  gas  of  the  less  inflammable  variety  is  disengaged,  and  the 
alkan  dissolves  small  quantities  of  phosphoric  add  and  trisulphide  of  phosphorus.  0^ 
the  application  of  heat,  the  whole  is  dissolved,  yielding  the  same  products  as  the  liquid 
modification  Tp.  600).  Caustic  ammonia  dissolves  it^  but  not  without  great  difficulty, 
forming  a  yellow  solution. 

Sulphohypophosphites,  ]IPSJ**S  or  MPS. — ^Protosulphide  of  phosphorus  unites 
with  metallic  sulphides,  forming  compounds  analogous  to  the  seleniohypophosphites 
(p.  698).  They  may  be  formed,  as  alK)ve  mentioned,  either  by  precipitation  or  in  the 
dry  way ;  but  the  latter  method  afibrds  much  piper  products  than  the  former. 

Cuprie  salt,  CuT'S'  »  Cu"SJra.— To  prepare  this  compound,  predpitated  sulphide  of 
copper,  dried  by  gentle  heating  in  a  stream  of  sulphydric  aad  gas,  is  moistened  witn  liquid 
protosulphide  of  phosphorus  in  a  tube  havine  two  bulbs  blown  on  it.  On  applying  a 
gentle  heat,  combination  takes  place  attended  with  great  rise  of  temperature,  and  the 
greater  part  of  the  excess  of  protosulphide  distils  off:  the  rest  may  be  expelled  by  a  gentle 
heat  The  remaining  eupric  sulphohypophosphite  is  a  black-brown  mass  yielding  a 
lighter  powder  by  trituration,  and  usually  containing  a  little  admixed  sulphide  of  copper. 
It  dissolves  slightly  in  boiling  hydrochloric  add,  and  is  oxidised  and  dissolved  by  nitro- 
muriatic  add.  By  distillation,  it  gives  off  a  small  quantity  of  liquid  protosulphide  of 
phosphorus,  then,  at  an  indpient  i«d  heat  a  sulphide  of  phosphorus  containing  a  large 
proportion  of  s^hur,  leaving  liver-coloured  cuprous  sulphohypophosphite, 
Cu^.P'S  or  CuTS.  This  latter  compound  cannot  be  obtained  by  direct  combination 
in  the  dry  way.  It  is  produced,  however,  by  the  action  of  the  liquid  protosulphide  on 
an  ammoniacal  solution  of  cuprous  chloride.  It  is  not  altered  by  gentle  ignition  in  a 
close  vessel ;  but  when  heated  in  contact  with  the  air,  it  bums  witiiout  flame,  giving 
off  sulphurous  anhydride. 

Ferrous  salt,  Fe'S.PS  *-  FeT^. — ^Prepared  in  the  same  manner  as  the  cuprie 
salt^  using  artificially  prepared  sulphide  of  iron  in  the  state  of  fine  powder.  It  is 
a  coal-blade  powder  generally  containing  a  little  sulphophosphite  of  iron. 

Manganous  salt,  mjoTS^  •■  Mn^fiLP^ — ^Prepared  like  the  copper-salt.  It  is  green, 
lighter  than  manganous  sulphide,  is  completely  decomposed  by  dry  distillation,  and 
bums  in  the  air  with  a  strong  phosphorus-name.  It  is  decomposed  by  boiling 
hydrochloric  acid,  manganous  sulphide  dissolving,  and  protosulphide  of  phosphorus 
remaining  in  the  red  moidification. 

Mercuric  salt,  Hg'S.PS. — Findy  divided  dnnabar  unites  at  a  gentie  heat  with 
protosulphide  of  phosphorus,  and  nLfter  the  excess  of  the  latter  has  been  removt^  by 
distillation  in  a  stream  of  hydrogen,  there  remains  a  dingr  red  mass,  yielding  a  yellow 
powder.  It  is  easily  decomposed  by  a  stronger  heat^  withliberation  of  metallic  mercury 
and  formation  of  a  yellowish-white  powder  (p.  603).  A  basic  salt^  2HigfS.P^,  is 
obtained  by  heating  mercuric  sulphophosplute  (p.  603)  in  a  retort. 

SUvcT'salt,  AgPS  or  Ag*S.P*8. — fV)rmed  when  spongy  silver  (obtained  by  redudng 
the  chloride  with  silver  in  the  wet  way,  exhausting  the  mass  with  cold  hydrochloric 
add,  and  washing  with  water)  is  treated  with  protosulphide  of  phosphorus  at  a  gentle 
heat.  Combination  then  takes  place  with  some  violence,  and  sulphohypophosphite  of 
silver  is  formed,  together  with  a  nigher  sulphide  of  phosphorus,  which  must  be  removed 
by  distillation  in  a  stream  of  hydrogen.  The  silver-sulphohypophosphite  may  also  be 
Obtained,  mixed  with  a  large  quantity  of  silver-sulphide,  by  warming  the  latter,  recently 
predpitated,  with  liquid  protosulphide  of  phosphorus,  and  treating  the  mixture  with 
warm  nitric  add,  which  cussolves  only  the  uncombined  sulphide  of  silver.  The  com- 
pound is  black,  but  yields  by  trituration  a  dark  brown  powder  with  a  tinge  of  violet. 
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By  dry  diBtaUatioD  it  becomes  semillnid  and  UweVta  ap  stzonsly,  the  siilpbide  of  phos- 
pnonu  passing  oyer  and  the  sulphide  of  silyer  remaining.  The  compotmd  is  scueel/ 
attacked  by  hot  nitric  acid. 

Tritoeulphide  of  Phosphorus^  F'S. — ^This  substance,  which  may  be  regarded 
as  aoomponnd  of  the  hemi-  and  proto-sulphides,  (P*8  -i-  P'S  «  2F^)  is  prepared  as 
follows.  Precipitated  sulphide  of  sine  is  treated  with  liouid  protosolphide  of  phoa- 
phoms,  as  in  the  preparation  of  snlphohypophosphite  of  copper,  whereby  it  is  con- 
verted, first  into  yellow  snlphohypophospbite  of  zinc,  and  afterwards  into  a  red 
compound  consisting  of  (Zn^.P*S).(Zn''Sjra) ;  and  on  treating  this  compound  with 
Htrong  hydrochloric  acid,  sulphide  of  sine  diBSolyes,  and  the  tritoenlphide  of  phos- 
phorus remains  in  the  form  of  a  bright  red  powder,  tostriess,  inodorous,  and  permanent 
in  the  air.  It  takes  fire  at  about  50^,  burning  with  a  phosphorus-flame,  when  sub- 
mitted to  dry  distillation,  it  first  turns  black,  then  distus  without  preyious  ftision ;  the 
distillate  contains  the  two  liquid  sulphides  P*S  and  P^,  perhaps  combined  with  one 
another.  Cold  potash-ley  decomposes  the  compound,  with  evolution  of  the  less  in- 
flammable varie^  of  phoi^horetted  hydrogen. 

Beaqalsnlpliida  of  WhomghmmMf  P^S*. — ^This  compound  is  produced  by  heating 
1  at.  sulphur  with  2  or  more  atoms  of  amorphous  phosphorus,  and  may  be  ireed  firom  ex- 
cess of  the  latter  by  solution  in  sulphide  of  carbon,  whence  it  czystalllses  in  yellow  right 
rhombic  prisms  of  81^  30'.  It  melts  at  142^  to  a  reddish  mass,  and  sublimes  at  260^  in 
forms  belonging  to  the  regular  system :  hence  it  is  dimorphous.  It  is  more  soluble  in 
sulphide  of  caiTK)n  than  sulphur;  slightly  soluble  in  tridiloride  and  sulphochloride  of 
phosphorus;  dissolves  also,  but  with  decomposition,  in  alcohol  and  ether.  It  is  perma- 
nent in  the  air  at  ordinary  temperatures,  and  in  cold  water,  and  is  but  slowljr  decomposed 
by  hot  water.  Heated  in  the  sir  to  about  100°  it  takes  fire.  It  dissolves  in  cold  dilute 
nitric  acid,  leaving  a  little  sulphur ;  completely  in  nitromuriatic  acid  and  in  chlorine- 
water.  It  dissolves  in  sulphide  of  potassium  or  sodium,  probably  forming  definite 
compounds.  It  is  decomposed  by  aqueous  potash,  giving  off  hydrogen  and  phosphoretted 
hydrogen,  and  forming  sulphide  and  phosphite  of  potassium.  Heated  to  200°  with 
hydrateof  lead  it  forms  sulpnide  of  lead.  (G^.  JLemoine,  BulL  Soc.  Chim.  1864,  [1]  407.) 

Trtaolpliide  of  Vboaplioraaf  P*8*. — Sulphophosphorous  aM.  Phosphorous 
sulphide.  Sulfide  phosphoreux.  Phosphorsulfid, — ^Discovered  by  SeruUas^  who  ob- 
tained it  by  the  action  of  sulphydric  acid  on  trichloride  of  phosphorus,  but  did  not 
further  examine  it.  Berselius  prepared  it  by  the  following  methods :  1.  Red  proto- 
sulphide  of  phosphorus  is  mixed  wiUi  the  quantity  of  sulphur  required  to  convert  it 
into  the  trisulphide  (1  at.  P'S  to  2  at  S),  and  the  mixture  is  heated  in  a  small  retort 
The  heat  evolved  at  the  moment  of  combination  is  so  great,  that  a  small  portion  of  the 
mass  is  volatilised  with  violence.  The  whole  then  fuses  uniformly,  and  ultimately 
sublimes  in  the  form  of  a  transparent  crystalline  substance  •  of  a  pale  lemon-yellow 
colour.  If  the  distillation  be  interrupted  before  the  whole  is  volatilised,  the  un- 
sublimed  portion  retains  a  reddish  colour  while  hot,  but  on  cooling  acquires  the  same 
colour  as  the  sublimed  portion. — 2.  One  atom  of  sulphohypophosphlte  of  manganese  is 
intimately  mixed  with  2  atoms  of  sulphur,  and  the  mixture  heat^  in  a  small  retort  in 
an  atmosphere  free  from  oxygen,  till  nothing  but  protoeulphide  of  manganese  remainfl : 
trisulphide  of  phosphorus  is  Uien  obtained  in  the  form  of  a  sublimate  : 

Mn-'S.P^S  +  S«     -     Md'^S  +  P*8«. 

If  a  sulphohypophosphite  be  employed,  the  base  of  which  does  not  so  readily  give 
up  its  sulphur-acid— the  silver-salt  for  example- only  half  of  the  trisulphide  of 
phosphorus  sublimes,  while  the  rest  remains  in  combination,  in  the  form  of  sulpho- 
phosphite  of  silver. 

KekuU  (Ann.  Ch.  Pharm.  xc  310)  prepares  this  compound  by  carefully  fusing 
amorphous  phosphorus  with  the  requisite  quantity  of  sulphur  in  an  atmosphere  of 
carbonic  anhydride ;  combination  then  takes  place  without  explosion,  but  nevertheless 
with  great  rise  of  temperature,  so  that  part  of  the  product  is  sublimed. 

Trisulphide  of  phosphorus  is  a  solid  substance,  of  a  pale  yellow  colour.  After  fusion 
or  sublimation,  it  remains  soft,  like  plastic  sulphur,  and  does  not  become  opaque  till  it 
hardens.  It  melts  at  200°  (Lemoine)  and  sublimes  at  a  temperature  below  the  sublim- 
ing point  of  sulphur.  When  heated  in  the  air,  it  bums  with  a  whitish-yellow  flame,  and 
diffuses  a  thick  smoke.  In  moist  air,  it  decomposes  rapidly,  becoming  white  and  assum- 
ing an  acid  reaction,  in  consequence  of  the  formation  of  phosphoric  acid :  at  the  same 
time  it  acquires  a  bitter  and  hepatic  taste.  This  decomposition  in  the  air  takes  place 
so  rapidly  that  the  substance  can  only  be  preserved  in  vessels  hermetically  sealed. 
The  unsublimed  reddish  trisulphide  decomposes  in  the  same  way. 

Trisulphide  of  phosphorus  is  rapidly  dissolved  by  the  fixed  caustic  alkalis  and^  by 
ammonia.    The  solutions  have  a  pale  yellow  colour,  and  when  treated  with  acids  yield 
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a  lights  floocnlent^  and  nearly  white  piedpitate^  which  faUs  down  slowly,  and  has  a  nale 
yellow  ooloor  when  coUeeted  in  a  maea :  this,  precipitate  may  be  washed  and  dned. 
Trisnlphide  of  phoephoros  in  this  state  is  less  rapidl^  decomposed  by  ezposura  to  the 
air  than  that  which  has  been  fbsed  or  sablimed.  It  is  uncertain  whether  ue  difference 
thns  produced  bv  the  inflnencn  of  an  alkali  depends  upon  an  isomeric  modification. 
Trisuphide  of  phosphoms  is  easily  dissolyed  in  the  cold  by  carbonate  of  potassium  or 
sodium,  but  d^)osits  sulphur  at  the  same  time — a  proof  that  decomposition  takes 
place. 

8ulpkopho$phii$B, — 1  atom  of  trisulphide  of  phosphorus  unites  with  2  atoms  of 
a  metidlic  protosulphide,  Harming  salts  having  the  composition  2JPS.ra*  »  M*F^ 

and  2M*S.P*S^  » ift'P'S',  aocordinff  to  the  atomicity  of  the  metal  These  compounds  are 
poduced,  together  with  free  trisulphide  of  phosphorus,  by  triturating  the  oonespond- 
ing  sulphohypophosphites  with  the  requisite  quantity  of  sulphur: 

2(M«aP^)  +  S«     -     2M«1»S»  +  P«S«* 

They  are  also  formed  by  heating  protosulphide  of  phosphorus  with  metaHie  poly- 
sulphides,  just  as  certain  lower  oxides  of  metalloids  are  converted  by  heating  with 
metallic  peroxides  into  higher  oxides  of  an  add  character,  which  then  unite  with  the 
bases  formed  by  reduction  of  the  peroxides.  Many  snlphophosphites  are  decomposed 
by  heat»  giving  off  trisulphide  of  phoephoros,  and  leaving  the  metallic  sulphide. 

fuprie  SidphofhoipMU,  Cu*P>S*  -  2Cn"aF^'.— Produced  by  precipitating  an 
ammoniacal  solution  of  cnpric  sulphate  with  soda-liver  of  sulphur,  and  treating  the 
washed  precipitate  (CuS*),  after  diring  in  vacuo,  with  liquid  protosulphide  of  phos- 
phorus. Combination  then  takes  ^lace,  attended  with  evolution  of  heat,  and  the  excess 
of  protosulphide  may  be  enelled  in  a  stream  of  hydrogen.  ■  The  cupric  sulphophos- 
phite  then  remains  as  a  daric  yellow  powder  which  bums  with  a  phosphorus-flame 
when  heated  in  the  air.  When  subjected  to  dry  distillation,  it  gives  off  sulphur  and  leavet 
a  dark  brown  basic  cuprous  sulphohypophosphite,  2Cu*S.P%. 

Ferrow  SulpkophosphiU,  Fe'P'S*  -  2Fe"aP*S'.— Obtained  by  moistening  finely 
divided  iron  pyrites  (FeS*)  in  a  bulb-apparatus  with  liquid  protosulphide  of  phos- 
phorus, and  applying  a  gentle  heat.  After  the  excess  of  the  protosulphide  has  distilled 
off,  the  Bulphophos^ite  remains  as  a  dark  yellow  mass,  having  a  faint  metallic  lustre. 
It  dissolves  in  boiling  hydrochloric  acid,  and  decomposes  in  contact  with  moist  air,  emit- 
ting the  odour  of  sulphydric  acid.  By  dry  distillation  it  gives  off  sulphur,  and  leaves 
the  bkck-brown  compound,  2Fe"S  J*4. 

Mercuric  SviphophoapKiU,  Hg*PS»  -  2Hg"aP«8*.— Produced  by  heating  the  cor- 
responding  sulphohypophosphite  in  a  retort  having  its  neck  closed  by  a  cork,  to  about 
the  boiling  point  ctf  sulphur.  A  black  mass  then  sublimes,  containing  numerous 
globules  of  mercury,  and  mercuric  sulphophosphite  remains^  as  a  yellowish- white  mass, 
which  at  a  higher  temperature  is  resolved  into  basic  mercuric  sulphohypophosphite  ana 
mercuric  sulphophosphate : 

2(2Hg"S.P«»)     -     2Hg*S:P«S  +   2H^'S.P^». 

SulphophospkitB  of  Silver,  Ag*P>S*  i-  2Ag*S.P>S*.— Produced  by  heating  finelj 
divided  silver  with  phosphcros  and  sulphur  in  an  atmosphere  of  hydrogen,  the  oomln- 
nation  taking  place  with  great  violence.  The  product  after  being  heat^  forms  a  grey 
lump,  yielding  a  light  yeltow  powder.  Nitric  acid  decomposes  it  easily,  and  dissolves  it 
without  separation  of  sulphur. 

y«iitasiil9lilde  of  PlioaplionUf  P'S*. — Sulphophosphoric  acid.  Phosphoric  Sid' 
phide,  Stdfide  phosphorique.  Phosphorspersi^fid. — ^This  compound,  analogous  to  phos- 
phoric oxide  or  anhydride,  is  prodnced :  1.  By  direct  combination,  when  sulphur  and 
phosphorus  are  heated  together  above  100®  in  an  atmosphere  free  from  oxygen.  With 
ordinary  phosphoms  the  combination  is  attended  with  a  very  violent  and  danaerous 
explosion,  but  when  amorphous  phosphorus  is  used,  no  explosion  takes  place,  mough 
great  heat  is  evolved. — 2.  By  heating  1  at.  solid  protosulphide  of  phosphorus  with  4  at. 
sulphur,  in  an  atmosphere  froe  from  oxysen.  The  act  of  combination  is  attended  with 
a  sudden  disengagement  of  heat,  by  which  a  portion  of  the  substance  is  rapidly  sublimed; 
but  there  is  no  explosion  or  production  of  ught. — 3.  When  1  at.  sulphohypophosphite 
of  manganese  is  heated  with  4  at.  sulphur,  the  pentasulphide  sublimes  at  a  sentle  heat, 
leaving  protosulphide  of  manganese.  Sulphohypophosphite  of  silver  heated  with  4  at. 
sulphur  yields  sulphophosphate  of  silver,  while  half  of  the  pentasulphide  of  phos- 

{>horus  sublimes. — 4.  Pentasulphide  of  phosphorus  is  likewise  formed  when  the 
iquid  protosulphide  is  heated  in  a  current  of  sulphydric  acid  gas.    A  pale  liquid  distils 
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over,  which  is  a  solation  of  the  pentasnlphide  in  the  liquid  piotosnlphide,  and  yields  a 
flmalLqiiantity  of  the  foraer  in  OTstalline  scales. 

'  Pentasulpmde  of  phosphoras  is  of  a  pale  yellow  coloor,  like  the  trisnlphide,  bat 
ciystallises.  When  it  is  snblimed  Tery  slowly  and  in  such  a  manner  that  it  can  fonn 
isolated  dystals,  these  crystals  are  transparent,  and  appear  perfectly  colourless  when 
thin :  their  faces  are  deeply  striated.  When  the  liquid  pentasulphide  is  distilled,  it 
assumes  a  crystalline  form  in  solidifying,  and  is  then  easily  detached  from  the  g^ass. 
When  solidified  by  sudden  cooling;  it  does  not  crystallise,  but  forms  a  mass,  sometimes 
yellow  and  transparent^  sometimes  whitish  and  opaque.  When  obtained  by  fusion  from 
the  red  protosulphide  of  phosphorus,  it  does  tot  crystallise  on  cooling,  unless  it  be 
first  sublimed.  After  being  fused  uA  heated  to  the  boiling  point,  it  has  a  deeper 
colour,  like  that  of  sulphur.  Its  boiling  point  is  higher  than  that  of  sulphur,  and  the 
colour  of  its  vapour  is  a  less  intense  yellow  than  that  of  sulphur  vapour.  When  heated 
in  the  air,  it  bums  with  a  pale  phosphoric  flame,  and  diffbses  a  larse  quantity  of  smoke. 
In  moist  air,  it  is  decomposea  almost  as  easily  as  the  trisulphide,  and  transformed 
into  a  white  mass  imj^regnated  with  phosphoric  add* 

SulphophotpkateB.  Pentasulphide  of  phosphorus  dissolves  in  caustic  alkalis 
and  in  ammonia,  forming  pale-yellow  solutions,  from  which  acids  precipitate  sulphur 
with  abundant  evolution  or  sulphvdric  acid.  It  appears  as  if  no  alkaline  sulphopbos- 
phate  could  exist  in  contact  with  water.  The  carbonates  of  potassium  and  sodium 
slowly  dissolve  the  pentasulphide  in  the  cold,  producbg  at  the  same  time  an  abundant 
deposit  of  flakes  of  sulphur.  On  heating  the  liquid  to  about  60^,  the  sulphide  of 
phosphorus  dissolves  with  violence,  and  inodorous  carbonic  anhydride  is  evolved :  no 
deposition  of  sulphur  takes  place.  When  boiled,  the  liquid  evolves  carbonic  anhydride 
and  sulphydrie  acid  gases  together. 

Stdpkopkoaphate  of  pofasrium  is  obtained  in  the  dry  way,  mixed  with  trisulphide  of 
hosphorus,  hy  passing  phosphoretted  hydrogen  over  the  heated  compound  K^ 
^H.  Kose^.     The  colourless  salt  thus  produced  is  soluble  in  water,  but  is  decomposed 
thereby,  yielding  sulphvdric  acid  and  pnosphate  of  potassium. 

.The  neutral  sulphopnosphates  of  the  heavy  metsls  have  the  composition  lI'P'S'  ca 
2M''S.P'S*  analogous  to  that  of  the  pyrophosphates.  They  are  produced  by  heating 
basic  sulphohypophoephites  with  the  corresponding  quantity  of  sulphur :  2M*S.P^  -i- 
S*  »  2M"S.P^*.  When  heated  they  behave  like  the  sulphopnosphites,  many  of 
them  giving  off  undecomposed  pentasulphide  of  phosphorus,  and  leaving  a  pure  metallic 
sulphide :  e.  g,  the  sine,  manganous  and  ferrous  salts ;  others  are  decomposed  by  heat 
into  sulphur  and  a  residue  of  sulphohypophosphite.  The  sulphophosphates  are  per* 
manent  in  dry  air,  but  in  moist  air  they  exhale  the  odour  of  sulphydno  acid  When 
httited  in  the  air,  they  bum  with  a  phosphorus-flame ;  but  few  of  them  have  been 
specially  examined. 

The  ctvprie  salt  Cu'P'S^,  obtained  by  gently  heating  the  compound  2Cu1S.P*S  with 
4  at  sulpnur,  has  a  pale  vellow  colour ;  but  if  too  strong  a  heat  has  been  applied  in 
its  preparation,  part  of  the  phosphoric  sulphide  goes  off  and  a  basic  sulphophosphate 

Cu«P«S'.6Cu''S  remains  behind. 

The  mereuric  salt  is  obtained  by  the  dry  distillation  of  mercuric  sulphohypophos* 
phite  or  sulphophosphite.  The  former,  if  somewhat  strongly  heated  in  a  retort,  first 
eives  off  metaUic  mercury,  and  then  yields  mercuric  sulphophosphite,  which  sublimes 
m  transparent,  highly  lustrous,  pale  yellow  needles.  If  on  the  other  hand  the  sulpho- 
hypophosphite be  very  gently  heated  for  a  considerable  time,  so  that  mercuric  sulpho- 
phosphite may  be  first  formed,  and  this  salt  be  then  heated  to  sublimation,  a  subli- 
mate of  pure  mercuric  sulphophosphate  is  obtained  in  red  shining  crystals  very  much 
like  cinnabar,  but  of  somewhat  lighter  colour  and  yielding  a  brown-yellow  powder. 

Alcoholic  Sulphophosphates. — A  triethylic  sulphophosphate,  (G'H*)'PS*  — 
8CH*S.P%*,  analogous  in  composition,  not  to  the  pyropnosphates,  but  to  the  normal 
orthophosphates,  has  been  already  described  (p.  '593). 

SnlptaosypliMpliate*,  M'PSO*  or  8M*0.P*SK)'  and  2f*F*S'0*  -  8M'O.P>8K)' 
(Wurtz,  Ann.  Ch.  Phys.  [3]  xx.  472).— Sulphoxyphosphate  of  sodium  is  obtained  by 
the  action  of  caustic  soda-solution  on  phosphoric  smphochloride : 

PSa*  +  6NaH0     -    Ni«PSO»  +  3NaCa  +  8HK). 

'  When  the  materials  are  put  into  a  retort,  and  subjected  to  the  heat  of  a  water-bath, 
ebullition  takes  place,  and  part  of  the  sulphochloride  distils  over  into  the  receiver;  and 
when  the  whole  of  the  sulphochloride  has  disappeared,  and  the  liquid  is  allowed  to 
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cool,  it  genemlly  fbmiB  into  a  solid  ciTBtaUine  maw:  this  is  to  be  drained,  and  the 
crystak  purified  by  repeated  solution  in  water  and  crystallisation.  The  B«da  must  be 
in  excess,  because  the  free  acid  in  solution  is  readily  decomposed  into  phosphoric  an4 
Bulphydric  acids : 

H»FSO«  +  HK)     -    H*S  +  H«PO*. 

Snlphozyphosphate  of  sodinm  is  readily  solub}e  in  boiling  water,  and  crystallises  on 
cooling  in  brilliant  six-sided  tables.  The  solution  has  a  strong  alkaline  reaction. 
Chlorine,  bromine,  and  iodine  decompose  it  immediately,  with  separation  of  sulphur 
and  formation  of  disodic  orthophosphate.  The  weakest  acids  added  to  the  solution 
liberate  sulphoxyphoflphoric  acid,  which  is  immediately  decomposed  on  boiling. 

The  sulphoxyphosphates  of  barium,  stroniiitm^  and  ealeiuM  are  insoluble ;  the  niekd^ 
and  eobalt-aalU  turn  black  on  boiling ;  the  lead-salt  is  white  when  newly  formed,  but 
turns  black  in  a  few  hours  ftom  separation  of  lead-sulphidei     

Ethylsulphoxyphotphorio  or  Eikyl^uipkophoaphorio  acidf  (C^*)H*PSO',  produced 
by  the  action  of  alcoholic  pota^ov  soda  on  phosphoric  snlpbochloride  (Gloez),  and 
diethylsulphophoiphorie  acid,  (OH*)*HPSC>*,  br  uie  action  of  pentasnlphide  of  phos- 
phorus on  alcohol  (Carius),  haTe  been  already  described  under  phosphoric  ethers; 
also  certain  ethyl-phosphoric  ethers  in  which  2  at  oxygen  aro  replaced  by  sulphur 
(pp.  691-698). 

V«raiilptal4e  of  Vbosphoms.  This  oomjpound,  which  may  be  obtained  by  direct 
combination  of  its  elements,  was  first  recognised  by  Dupr^  who  assigned  to  it  the 
formula  F*S*.  Berselius  afterwards  gaye  the  formula  F%'*.  I^e  cause  of  this  great 
difference  has  not  been  ascertained. 

When  1  pt  phosphorns  is  fiued  with  1  pt.  or  more  of  sulphur,  the  mass  separates 
on  oooUng  into  liqmd  nrotoanlphide  and  crystals  of  the  persulphide.  The  best  mode 
of  obtaining  the  persiuphide  regularly  crystallised  is  to  dissolve  1  atom  of  sulphur  in 
1  atom  of  liquid  protosulphide  of  diioephorus  by  the  heat  of  a  water-bath,  and  then  leave 
the  vessel,  carofnlly  dosed,  to  eooL  in  the  bath.  The  crystals  thus  obtained  are  few  in 
number,  but  of  considerable  aiM^  yellow  and  shining,  and  frequently  present  numerous 
&cets,  Uke  those  of  natire  sulphur.  Some  are.cleayable  in  the  direction  of  the  laminie. 
They  are  impregnated  with  protosulphide  of  phosphorus^  which  adheres  to  them 
obstinately,  and  causes  them  to  emit  slight  fumes  from  the  surface  of  a  recent  fracturo. 
To  free  the  crystals  from  the  protosulphide,  they  must  be  dried,  reduced  to  small 
pieces,  and  placed  between  folds  of  bibulous  paper  under  a  bell-jar,  and  by  the  side  of 
a  small  dish  containing  water,  the  edge  of  the  bell-jar  being  slightly  raised  by  the 
insertion  of  a  small  piece  of  wood  to  afiow  of  the  renewal  of  the  air  within  it.  In  this 
manner,  the  protosulphide  adhering  to  the  crystals  is  conyerted  into  phosphoric  acid, 
sulphuric  acid,  and  persulphide  of  phosphorus.  Some  time  elapses  before  the  change 
is  complete ;  but  sooner  or  later  the  odour  of  the  protosulphide  disappears  entirely.  The 
crystals  are  then  to  be  washed  and  dried  oyer  oil  of  yitrioL 

The  crystals  thus  obtained  may  be  exposed  to  the  air  for  a  long  time,  without  dimi- 
nution of  the  lustro  of  the  o^stalline  facets ;  but  after  a  while,  they  redden  litmus 
paper  when  placed  upon  it.  Li  a  stoppered  bottle  filled  with  dry  air  they  may  be 
preserved  for  any  length  of  time  without  alteration.  They  fuse  at  a  temperature  near 
the  melting  point  of  sulphur,  and  then  distil  over  without  separation  of  protosulphide 
of  phosphorus.  The  distilled  product  does  not  crystallise,  but  remains  soft  long  after 
ooolinff.  If  the  persulphide,  wnen  subjected  to  distillation,  is  not  ^uite  free  from  pro- 
tosulpmde,  an  explosion  takes  place  on  the  application  of  heat^  arising  from  the  forma- 
tion of  pentasnlphide.  «  .  .  - 

The  persulphide  dissolves  in  caustic  alkalis,  behaving  like  a  mixture  of  sulphur  and 
protosulphide  of  phosphorus,  and  forming  phosphate,  hyposulphite,  and  persulphide  of 
the  alkali  metaL  By  fbsion  at  a  gentle  heat»  it  may  be  made  to  take  up  an  additional 
quantity  of  sulphur.    (B erselius.) 


Wmomwmomxnh  SinLVSOBSOXniB  of.  FSBr*.  (Baudrimont,  Bull. 
Soc.  Ghim.  1861,  p.  118.) — Produced:  1.  By  the  action  of  dry  sulphydric  add  gas  on 
the  pentabromide: 

PBr»  +  H«S     -    PSBr*  +  2HBr. 

2.  By  d'«*=^l'"g  a  mixture  of  pentabromide  of  phosphorus  and  sulphide  of  antimony: 

8PBr»  +  8b«8»     -     8PSBr»  +  2SbBr». 

8.  By  direct  combination  of  1  at  tribromide  of  phosphorus  with  1  at  sulphur. 

It  is  a  solid,  yellowish,  very  dense  mass,  which  fumes  in  the  air,  has  a  nauseating 
odour,  is  partially  decomposed  l^  heat^  and  slowly  but  oomplete]|y  by  water. 
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amdogoe  c#pho6phoric  oi^ehlande,  was  diaoorered  by  Sernllai  (Ann.  CSi.  Phys.  [2] 
zliL  26X  whi}  obuinad  it  ij  the  action  of  mlphjdrio  add  gaa  on  the  puntarhkiridfl : 

pa*  +  H«  =  2Ha  +  psa«. 

The  product  ia  pnrifled  by  diatillation. 

It  la  likewise  fonned,  together  with  otherproduets,  bj  the  action  of  pentafdiloride  of 
phosphonis  on  Tarioos  metallic  sulphides  (Weber,  p.  614),  and  by  that  of  snlphnr  on 
the  pentaehloride  (Wohler  and  Miller).  Gladstone  (Oiem.  Soe.  Qo.  J.  iii  d\ 
by  melting  3  pta.  pentaehloride  of  phosphonis  with  1  pt.  s^hnr,  obtained  a  eolonr- 
less  liqoid  boiling  at  100®,  nnd  apparently  consisting  of  PCl^,  or,  acoocding  to  Schiff 
(Ann.  Ch.  Pharm.  cL  809),  of  PSC1>JSC1*. 

Aooording  to  Bandrimont  (BnlL  Soc.  C^him.  IMl,  p.  117),  the  snlphodiloride  is 
most  easily  prepared  by  the  action  of  pentachloiide  of  phosphonis  on  trisDlphida  of 

•"*^*"^y-  8Pca»  +  8vs»  -  2Sba*  +  spsa«. 

Aboat  SO  gnns.  of  phosphoms  is  conTerted  into  pentaehloride  in  a  laige  flask;  the  lladc 
IB  then  taken  oat  into  the  open  air,  its  neck  snmmnded  with  a  wet  doth,  and  116 
gniuL  of  antimonioos  snlphide  gradually  added,  with  frequent  agitation,  till  all  the 
pentaehloride  has  disapp«ired  and  a  slight  excess  of  antimoniovs  snlphide  is  presents 
The  resulting  liquid,  which  is  hot  from  the  violence  of  the  reaction,  is  then  decanted 
into  a  dry  retort  and  distilled  at  126^  to  135^.  To  pnrifV  the  distillate  from  chloride 
of  antimony,  pentaehloride  of  phosphoms,  and  chloride  of  arsenic  (resolting  from 
arsenic  in  the  sulphide  of  antimony),  it  is  cooled  to  a  low  temperature  and  agitated 
with  a  dilute  solution  of  lodinm-sulphide.  The  chlorosulphide  of  phosphorus  is  then 
separated  from  the  alkaline  liquid  by  a  tap-funnel,  carefullr  dried  by  chloride  of 
caldum,  filtered  through  asbestos,  and  finally  distilled  from  a  <uy  retort  The  product 
amounts  to  120  gnus. 

Solphochloride  of  phosphonis  is  a  oolourlesB,  rather  mobile,  oily  liquid,  having  an 
intensely  pungent  odour,  aromatic  when  diluted ;  the  Tapour  irritates  the  eyes  strongly. 
Sp.  gr.  ->  1-631  at.  22^  Boiling-point  12A26^  (Bandrimont);  126— 127^^ 
rCahours^.  Vapour-density  »  6-963  at  168°;  6-879  at  244^;  5*878  at  298<' 
(Cahours;;  calc.  (2  ToL)  »  5*932.    The  Tapour  bums  with  difficulty. 

The  sulpnochloride  is  slowly  decomposed  by  tpo^^,  yielding  phosphoric,  hydrochloric, 
andsulphydric  adds,  and  fumes  slightly  in  moist  air.  It  is  decomposed  by  hot  nitrie  acid. 
When  heated  with  aqueous  oauttie  alkali$,  it  is  converted  into  a  salt  of  sulpbozyphos- 
phoric  add  H'PSO'  (Wurts,  p.  604).  VVlth  alcohol  it  yidds  ethyl-sulphoxyphos- 
phoric  acid  ^CH*)H^SO'  (p.  691).  With  aqueous  amm^mia,  it  forms  sulphoxy- 
phosphamic  or  thiophosphamic  acid,  an  add  which  may  be  derived  firom  sul- 
phoxyphosphoric  or  thiophospboric  add  by  the  substitution  of  KH*  for  HO ;  or  if  the 
ammonia  is  Yerj  strong  or  if  ammonia-gas  acts  on  the  sulphochloride  first  and  water 
afterwards,  the  product  is  sulphox^phosphodiamic  or  thiophosphodiamic 
acid,  derived  in  like  manner  from  thiophosphoric  add  by  the  sulMtitution  of  2  at. 
NH*  for  2  at  HO;  thus: 

P80P     +     8HK)      -      SHa     +     PH«SO«. 

Tbiophotphorlc 


PSa«  +  NH*  +  2HH)     »     8H01  +  P(NH»)H*SO«. 

Tblopbog^ 

PSa*  +  2NH"  +  H«0     -    8Ha  •••  P(NH«)HSO. 

Tbiopho«pbc41siBle 
acid. 

Dry  ammonia'-gai  appears  to  act  on  sulphochlorids  of  phosphorus  by  removing 
2  atoms  of  chlorine  ana  leaving  2  atoms  of  amidogen  in  their  place ;  thus  : 

PSa*  +  4NH«     -     2NH*a  +  P(NH«)«Cia 

The  latter  compound  has  not  yet  been  separated  from  the  accompanying  diloride  of 
ammonium;  but^  supposing  it  to  be  formed,  the  production  of  thiopbosphodtamio  add 
from  it  l^  means  of  water  may  be  supposed  to  take  place  as  shown  by  the  equation : 

PS(NH«)«a  +  HK)    -    HCl  +  P(NH«)»HSO 

(Gladstone  and  Holmes,  Ohem.  Soc  J.  xviiL  7);  see  Thiofhosfhamio  acids. — 
Schiff  (Jahresb.  1857  p.  99^  supposes  that  sulphochloride  of  phosphorus  is  converted 
by  diT  ammonia-gas  into  sal-ammoniac  and  sulphophosphotrianiiae^  aoooKding  to  th^ 

equation:  (-pqx**! 

PSa*     +     4NH»      -      NH«C1  +    2Ha  +      ^J  |N«; 
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tnd  by  axuHne  in  like  manner  into  hydrochlonte  of  aniline  and  snlphopfaosphotri- 
phenyltriamide ;  bnt  these  reanlta  have  not  been  establiahed  by  analysis. 

With  acetate  of  poia$Hum  the  chlorosolphide  appeals  to  yield  solphide  of  aeetyL 
(Bandrimont) 

VBOBVBOSinif  TWMAJFMXDM  OV.  When  pnlyerised  tellnrinm  is  heated  with 
phosphoros,  part  of  the  latter  bums  away,  while  another  portion  melts  with  the  tellurium 
to  a  black  amozphous  mass,  which  giyee  ofT  fumes  of  phosphorous  anhydride  in  the  air 
even  when  the  tellniium  is  in  lazge  exceas.    (Oppenheim,  Jahresb.  1867,  p.  214.) 

raosVSOmmi-BASaS,  OmaJkinc.  Paul  Thenar d  in  1846  and  1847, by 
acting  on  heated  phosphide  of  calcium  with  ^eous  chloride  of  methyl,  obtained  seyeral 
compounds,  which  may  be  yiewed  as  phosphides  of  hydrc^n  haying  the  hydrogen  more 
or  less  replaced  by  methyl,  yis.  1«  A  spontaneously  inflammable  fetid  liquid,  (CH')*?, 
analogous  in  composition  to  the  liquid  phosphide  of  hydrogen,  H'P,  and  to  cacodyl« 
(CH')'As.— 2.  A  spontaneously  inflammable  gas,  GH*P  ->  (GH*)H*P,  analogous  to 
methylamine^  and  lonning  a  solid  compound  with  hydrochloric  acid. — 3.  A  mobile 
strongly  basic  liquid,  C*H*P  »  '(CH'nP,  analogous  to  trimethylamine,  and  boiling  at 
40^. — 4.  A  yellow  non-yolatile  solid,  CH'P*,  analogous  to  the  solid  phosphide  of 
hydrogen,  Er*,  produced,  together  with  the  liquid  compound  (3),  by  the  continued 
action  of  hydrodiloric  acid  gas  on  the  first-mentioned  compound,  (CH')'P. — These 
compounds  were,  howeyer,  bnt  imperfectly  studied  by  their  discoyerer :  for  the  mode  of 
preparation  aboye  mentioned  was  dangerous,  and  did  not  yield  them  in  quantity  sufiS- 
dent  for  satisfactory  inyestigation.  ^reoyer,  at  the  time  of  their  discoyery  there  were 
but  few  bodies  known  with  which  they  could  be  naturally  connected,  the  ammonia- 
bases  not  haying  been  discoyered  till  afterwards ;  consequently  they  did  not  at  the 
time  excite  the  attention  which  they  really  deserred. 

A  few  years  later  Cahours  and  Hofmann  (Compt.  rend.  xlL  831 ;  Ghem.  Gaz. 
1855,  p.  11),  by  a  similar  mode  of  proceeding  with  phosphide  of  sodium  and  iodide  of 
methyl,  obtained  the  compounds  (CH»VP,  (CH«)^P  and  (GH")*PI,  the  latter  being  a 
crystalline  compound  anslogons  to  iodide  of  tetramethylammomum ;  and  Berl^  (J.  pr. 
Ghem.  IxyL  78),  by  acting  upon  phosphide  of  sodium  with  iodide  of  ethyl,  obtained  uie 
compound  (G^H*)'?  as  a  yellow  strongly  Aiming  liquid,  which  when  heated  with 
iodide  of  ethyl  yielded  the  crystalline  iodide  (G^*)*Pl.  But  this  mode  of  preparing 
the  phosphorus-bases  is  also  difficult  and  dangerous,  inflammable  and  detonating  com- 
pounds being  formed,  and  complex  products  obtained,  which  are  yery  difficult  to 
separate. 

The  phosphorus-bases  containing  1  and  2  atoms  of  alcohol-radicle  are  but  little 
known,  as  no  method  of  obtaining  uiem  in  a  pure  state  has  yet  been  discoyered ;  but 
those  deriyed  from  phosphine,  H*?,  by  the  substitution  of  8  atoms  of  alcohol-radicle 
for  3  atoms  of  hydr^n,  may  be  obtained  pure  and  in  any  required  quantity  by  sub- 
jecting the  ainc-compounds  of  the  alcohol-radicles  to  the  action  of  trichloride  of  phos- 
phorus in  an  atmosphere  of  carbonic  anhydride.  Zinc-ethyl,  for  example,  treated  in 
this  manner  yields  chloride  of  zinc  and  triethylphosphine: 

2PG1»  +  SZn'CG'H')*     »     SZn^a*  +   2(G«H»)«P. 

The  triethylphosphine  remains  combined  with  the  chloride  of  zinc,  but  may  be  liberated 
by  distillation  with  aqueous  potash,  which  conyeits  the  chloride  of  zinc  into  chloride 
and  zincate  of  potassium : 

3Zn''Gl«2(G«H»)«P  +   12KH0     -     2(G*H»)*P  +  SK^Zn'O*  +  6KG1  +  6H«0. 

Triethylphosphine  and  trimethylphosphine  (the  only  two  compounds  of 
this  type  hitherto  examined)  are  yolatile  strongly  alkaline  liquids,  which  unite  readily 
with  acids,  forming  crystallisable  and  for  the  most  part  yery  soluble  salts.  When 
treated  with  the  iodides  of  monatomic  alcohol-radicles,  they  yield  crystalline  iodides  of 
uonophosphoniums,  of  the  type  R^PI,  analogous  to  iodide  of  tetrethylammonium ; 
and  these  iodides,  when  decomposed  by  moist  oxide  of  sStyer  and  by  silyer-salts,  yield 
the  hydrates  and  salts  of  the  corresponding  monophosphoniums;  e.  a.  triethylphosphine 
treated  with  iodide  of  ethyl  yields  iodideof  methyl-triethylphoephonium  (GH»)(C«Bt*)*PI, 

which  10  conyerted  by  moist  oxide  of  silyep  into  the  hydrate,'       ^^^   ^^g|0 ;    by 

nitrate  of  silyer  into  the  nitrate  of  methyl-triethylphosphonium,  (GH'XC^*)'P.NO*,  &c 
Kumerons  compounds  belonging  to  these  types  haye  been  prepiu^ed  and  examined 

by  Hofmann  and  Gahours  (Phil.  Trans.  1857,  p.  588;  Ghem.  Soc  Qu.  J.  xi.  56; 

Ann.  Gh.  Pharm.  dy.);  and  fbrther  by  Hofmann  (PhiL  Trans. ;  Ghem.  Soc.  Qu.  J. 

xiii  289;  Ann.  Gh.  Pharm.  SuppL  i  2). 

Triethylohosphine  and  trimethyljphosphine  unite  with  diatomic  alcoholic  bromides^ 

ohhrides,  &c.,  in  the  proportion  of  1  or  2  at  of  the  phosphorus-base  to  1  at.  of  the 
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diatomic  ether;  thos  triethjlphoephiiie  forms  with  bromide  ofeikj/ieme,  the  two  eom* 

ponnds  /Qra^^  {  '^  (C*E*)*1^\'  ^^™  ^®  aleoholie  solatioii  of  the  latter  of 
these  oompomidB,  the  whole  of  the  bromine  is  remoTable  hy  nitrate  of  eilTer,  whereas 
from  the  former  only  half  the  bromine  can  be  thus  removed.  Hence  Hofmann  reeards 
the  latter  oomponnd  as  dibromide  of  ethylene-hexethyl-diphosphonmm, 

[(C^y  rC^*^p]"^^'  ^  former  as  bromide  of  bromethyl-triethylphos* 

phoninm  [(CH*BrXCH')7]Br;  t. «.  as  bromide  of  tetrethylphoephoninm  in  which 
1  at  hydrogen  is  replaced  by  bromine.  (See  Ammomium-iusbs,  i.  197 ;  also  EiHTUun- 
BA8BS,  IL  693.) 

The  last-mentioned  compound  is  sosceptible  of  sereral  remarkable  transfonnaliona. 
— 0.  It  is  resolred  by  heat  into  hydrobromic  acid  and  bromide  of  Tinyl-triethyl- 
phosphonium,  [(C«H«XC^*)*FlBr. 

/9.  When  treatea  in  dilute  solution  with  kvdrate  of  silver,  it  giTes  up  all  its  bromine 

and  is  conyerted  into  the  compound  ^     (C*E!^Yp[*  ^  hydrate  of  oxethyl-tri- 

ethylphosphonium,^  ^         Hi^*  ^^  change  consisting  in  the zeplaeement 

of  the  bromme  by  an  equivalent  quantity  of  peroidde  of  hydrogen. 

y.  By  boiling  for  some  time  with  aeetate  of  eUver,  it  is  oouTerted  into  acetate  ot 
Tinyl-triethylphosphonium : 

[(C«H*BrXC«H»)«P]Br  +  2AgC«H*0«  -  [(C«H»XC^')^]Cm*0«  +  (?R*0»  +  2AgBr. 

8.  It  unites: — a.  With  1  at.  triethyU  ot  trimetfyj^ko^^nejjorming  dibromide  of 

ethylene-hexei '"   '     "" 

triethyl-trimel 

b.  With  1  at  ammonia,  ( 
mides  of  ethylene-triethyl-phosphammonium,  r(C«H*y(C*H*)"H»PN]Br* ; 
ethylene- tetrethyl-phosphammonium[(C*H*)''(C«H»)«H«PN]':Br*;ethylene- 
triethyl-methyl-phosphammonium,  [(C«H*)''((?H»)^CH»)H«PN]Br«;  ethy- 
lene-pentethyl-phosphammonium,  [(C^*)''(C«H»)»HPNY'Br*,  &c. 

c.  With  triethylarsine,  (C^*)'A8,  yielding  dibromide  of  ethylene-hezethyU 
phospharsonium,  [(;C*H^nC*H»)*PAs]''Br«. 

Tzimethylphoephine  is  acted  upon  in  a  similar  manner  by  dibromide  of  ethylene^ 

yielding  the  compounds  /QQt\fp[  uid  /Q^tygp»[t  ^^   which   similar   derivatives 

may  be  obtained. 

All  these  compounds  have  been  discovered  and  investigated  by  Hofmann  (FhiL 
Trans.  1860,  pp.  449,  497 ;  Chem.  Soc  Qu.  J.  xiv.  73,  316 ;  A"".  Ch.  Pharm.  SuppL 
i.  2,  146,  177,  306). 

The^  dibromides  of  methylene,  tritylene,  tetrylene,  amylene,  and  bensylene  likewise 
react  in  a  similar  manner  with  triethylphosphine,  but  the  resulting  compounds  are 
diiBcult  to  separate,  and  have  not  been  much  examined. 


I.  MONOPHOSPHINBB  AND  MOHOPHOSPHOXIUICS. 

o.  Methyl'compounde, 

Trlmetlijrlpbosphinet  (CH')*?.— This  base  is  prodaced  by  the  action  of  trichloride 
of  phosphorus  on  zinc-methyi,  the  process  being  conducted  in  the  manner  to  be  hero- 
after  described  for  the  preparation  of  triethylphosphine  (p.  609).  As  the  base  is  ex^ 
tremely  volatile,  the  stream  of  hydrpgen  in  which  it  is  distilled  must  be  veiy  slow,  and 
the  receiver  must  be  kept  at  a  low  temperature. 

Trimethylphosphine  is  a  transparent^  colourless,  mobile  liquid,  heavier  than  wafer 
having  a  strong  refracting  power,  and  an  indescribably  nauseous  odour,  and  boiling 
between  40^  and  42°.     It  is  insoluble  in  water.    Its  solution  in  hydrochloric  acid 
yields,  with  chloride  of  plaHnum,  an  orange-yellow  indistinctly  crystaUine  precipitatek 
2(CH«)«flPCl.Pta\  which  is  easily  decomposed  at  100°. 

Trimethylphosphine,  like  the  correspondmg  arsines  and  stibines  (i.  840,  398),  unites 
with  2  at  of  a  monatomic  element,  01,  Br,  &c.,  and  with  1  at.  of  a  diatomic  element 

o,  a  &c 

The  oxide,  (CH*)70,  is  produced:— 1.  By  the  direct  oxidation  of  trimethylphoa- 


TRIETHYLPHOSPHINE.  609 

-^hine.  This  Bubstanoe  has  a  rerj  powerfnl  attraction  for  oxygen,  flimliig  and  some- 
times  taking  fire  in  contact  with  &»  air.  On  distilling  it^  even  when  recently  prepared, 
the  neck  of  the  retort  becomes  covered  in  the  last  stage  of  the  operation,  with  a  beauti- 
Ail  network  of  OTStala  of  the  oadde;  they  may  readily  be  obtained  in  larger  quantity 
by  exposing  the  oase  to  a  slow  conent  of  dry  air. — 2.  By  the  action  of  heat  on  the 
hydrate  of  tetoramethylphoephonium,  manh-gas  being  given  off  at  the  same  time. 

(CH«)THO      -      (CH")»PO     +     CH*. 
The  selenide,  (CH')'PSe,  obtained  by  the  action  of  seleninm  on  trimethylphosphine, 
crystallises  like  the  ethyl-compound  (p.  613),  melts  at  84^.    In  contact  with  the  air  it 
blackens,  with  separation  of  selenium,  and  gives  off  the  odour  of  mesitilene  (iil  980). 


ethereal 

nabar.  It  is  not  produced  by  treatinff  the  oxide  with  sulphydric  adcl  or  sulphide  ^_ 
ammonium.  Crystallises  from  a  highly  concentrated  aqueous  solution  in  masses  ^ 
well-formed  four-sided  prisms,  which  melt  at  106°.    (Hofmann  and  Gahours.) 

Vatrametliylpliosplioiiliimv  (CH")*P. — This  base,  like  aU  others  formed  on  the 
ammonium-type,  is  not  known  in  the  free  state. 

The  iodide,  (U11")*PI,  is  obtained  by  the  action  of  iodide  of  methyl  on  an  ethereal 
solution  of  trimethylphosphine.  It  is  a  white  crystalline  mass  which,  when  recently 
prepared,  exhibits  the  silvery  lustre  of  sublimed  naphthalene,  and  assumes  a  slightly 
reddish  colour  in  contact  with  the  air.  Treated  with  oxide  of  silver,  and  water  it 
yields  a  veiy  caustic  solution  of  hydrate  of  tetramethylphoepkomum, 

TheyoM-M//,rCH>)«PCl.AuCl«— Obtained  l^  mixing  the  solution  of  chloride  of 
tetramethylphosphonium  and  trichloride  of  gold,  crystaUises  from  boiling  water  in 
brilliant  yellow  needles. 

PlaHnuni'Salt,  2(CH')«FCl.PtCl«.^The  solution  of  the  oxide  mixed  with  hydioehlorie 
acid  and  tetrachloride  of  platinum,  yields  a  platinum-salt^  which  is  insoluble  in  idcoh<d 
and  ether,  but  crystaUises  from  water  in  beautifrd  octahedrons*  (Hofmann  and 
Cahours.) 

$.  Ethyl'CompoundB. 

YrtethjlpboapliSBe.  OH»P  »  (^E^yP.^ForTnaiion,  1.  By  the  action  of 
trichloride  of  phosphorus  on  zinc-ethyl  ^Hofmann  and  Cahours,  p.  607). — 2.  By 
the  action  of  phosphide  of  sodium  on  iodide  of  ethyl  (Berl^  p.  607). — 8.  Crystalline 
phosphide  of  zinc  heated  with  iodide  of  ethyl  in  a  sealed  tube  to  170^ — 180°,  yields 
zinc-iodide  of  tetrethylphoephonium,  2(C*H»)TI.Zn'l',  which,  when  distilled  with 
potash,  yields  triethylphoBphine  (Cahours,  Ann.  Ch.  Pharm.  cxii.  228;  cxxii.  192; 
Jahresb.  1859,  p.  482 ;  1861,  p.  557). — 4.  When  a  mixture  of  zinc,  phosphorus,  and 
dry  ethylic  iodide  is  heated  in  a  sealed  tube  to  150° — 160^,  there  is  produced,  together 
with  zinc-ethyl,  a  mixture  of  iodozincate  of  triethylphosphoninm,  2(C'H")'HIPI.ZnTI*, 
iodozincate  of  tetrethylphosphonium,  2(C'H*)^Pl.Zn"I',  and  a  compound  of  zinc- 
iodide  with  oxide  of  tiiethylphosphine,  (C^*)*P'0.^*I'.  These  compounds  are 
separated  by  their  different  degrees  of  solubility  in  water,  the  first-meutioned  being 
the  least  and  the  second  the  most  soluble.  The  first  yields  triethylphosphine  when 
treated  with  potash  in  the  cold;  the  third  yields  it  when  heated  with  solid  potash; 
while  the  second  does  not  yield  it  when  treated  with  potash  either  in  the  cold  or  with 
aid  of  heat.    (Hofmann,  Chem.  Soc  Qu.  J.  xiii.  291.) 

Preparation. — ^A  tubulated  retort/  is  joined  to  a  receiver  e  {fig,  738)  which  in  its 
turn  IS  connected  with  a  wide  glass  tube  d,  bent  at  an  angle  of  about  130°  and  acting 
l£ke  a  second  receiver.  The  angle  of  this  tube  is  filled  with  trichloride  of  phosphorus, 
and  the  tube  is  connected  with  a  large  cvlinder  c,  which  is  supplied  by  a  suitable 
apparatus,  a,  5,  with  dry  carbonic  anhydride.  As  soon  as  the  carbonic  anhydride  has 
expelled  the  air  from  the  reservoir,  tube,  receiver,  and  retort,  an  exit-tube  from  the 
reservoir,  up  to  that  time  closed  bv  a  caoutchouc  cap,  is  opened  to  let  out  the  carbonic 
anhydride,  the  evolution  of  which  is  maintained  during  the  whole  operation.  Tlie 
tubulature  of  the  retort  is  now  connected  with  the  copper  digester  in  which  the  zinc- 
ethyl  has  been  prepared;  and  as  soon  as  the  retort  has  received  a  charge  of  the 
ethereal  solution  of  zino-ethyl,  there  is  fixed  into  the  same  tubulature  a  dropping 
apparatus,  consisting  of  a  glass  globe  g,  with  a  tubulature  and  stopper  at  the  top,  and 
terminating  below  in  a  glass  tube  in  which  a  stopcock  is  fitted.  This  apparatus  is 
filled  with  trichloride  of  phosphorus,  and  by  appropriately  adjusting  the  stopcock  and 
opening  or  closing  the  stopper  of  the  glass  globe,  any  desired  flow  of  the  liquid  can  be 
maintamed  with  the  greatest  nicety.  However  slowly  the  trichloride  may  be  added, 
and  however  well,  moreover,  the  retort  and  receiver  mav  be  cooled  by  water  or  ice,  the 
action  is  nevertheless  so  violent^  that  all  the  ether,  ana  with  it  a  hu^e  quantity  of  the 

Vol.  IV.  R  R 
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...  to  the  wBMTg.    By  the  povnftil  rbn 

,  ■  pcvtiim  of  tha  T^ioiit  i«  diimi  arai  inUi  thB  beat  b  . 

lam  at  Boe-tthjl  ii  inevRod,  iiiilnw  tfaU  talM  k  <U»d  vitlt  tnchkciils  of  pbuqibcnH, 


n  kcoarduiice  wicb  the  prognw  of  the  n 
lenUtWtlie  ftutetitMi  of  the  (ppiustai  eo  perfectly,  that  the  operatioii,  which  alvtjs 
tw*  MTtml  ^jm,  coBtinaea  b;  itwlf  when  once  begun.  Sometimee  the  Bbsarption  ia 
■o  TioleDt  thst  ths  trichloride  of  phosphoRU  in  tfie  tube  ia  meked  bkdc  into  tba 
iteara,  but  eran  then  no  loaa  ia  to  be  feared,  nnee  the  tube  ia  connpcted  with  the 
Tuamoit  Blled  with  eBrboiiie  uihjdrideL  The  flnt  dropa  of  trichloride  of  phoaphonia 
which  fiU  into  the  aolotioa  of  dnc-ethjl,  hiaa  like  water  when  aoming  in  contact  with 
ted-hot  iron.  The  Action  becamea  by  and  by  leae  Tiolent,  and  aa  aoon  aa  an  erolation 
of  heat  ia  no  longer  peiceptihle,  ths  opention  ia  terminiited.  There  remain  in  tbe 
letort,  in  tlw  raceJTer,  ia  the  bent  tab*,  and  aomelinea  eTen  in  the  carbonic  acid 
reaeiTwr,  two  liqnid  laypra, — the  one  a  heaTj,  pate  atraw-coloared,  thick  liquid,  the 
Mfaer  a  tno^annt,  eoloorleu,  mubile  liqnid  floatme  on  the  former. 

The  nppra  liqnid  ia  a  mixtnre  of  ether  and  trichloride  of  phoaphonia ;  the  lower, 
whidi  naually  aolidiflea  on  cooling,  jb  a  componnd  of  ^ethjlphoaphine  with  chloride  of 
aac,  and  thun  this,  after  the  upper  layer  haa  been  deonted,  the  phaanborva-baae  may 
be  aepanted  by  diatillatian  with  potaah.  For  Ihia  pnrpoee  it  ia  mixed  with  water,  the 
retort  ia  filled  with  hydnwen,  and  atrong  potaah-ley  ia  allowed  to  Bow  alowly  into  it. 
On  distilling  the  mixture  m  a  slow  stream  of  hydrogen,  the  triethjlphoephine  paasea 
with  the  aquBona  Taponr,  and  flunfa  on  ths  oondenied  water  in  the  reosi™r.  It  i> 
»Bp»i»tod  by  a  tap-ftnnel,  dried  over  aticka  of  potash,  and  rectified  in  a  atream  of  dry 
hydrogen.  (Hofmann  aadCabonrs,  p.  flOTi  Hafmann,  Chem.Soc  Qn.  J.  xiii.  360.) 

iVcJMTfiu.— Triethylphoaphine  ia  a  tmaaparent,  colonrlees,  mobile,  atioDgly  refract- 
ing liquid.  Specific  gravity,  0'812  at  15°.  Boilaat  I27'6°niM]ca-abarometria  treanira 
of  0-714  mm.  lis  odour  is  penetrating,  almost  tMnumbing,  but  atiU  not  diaa^raeable^ 
and  in  a  diluted  state,  raaemblM  that  of  ths  hyacinth.  timg-eMitinued  wmfang  with 
thia  Bubatance  prodocee  head-ache  and  sleep]  eseneea.  When  leeentiy  prepared,  itia 
without  action  on  Tegetable  CDlonra.  but  if  exposed  to  the  «r  fbr  a  f^  aeeoDda,  it 
ahowa  a  cooatantly  increaaing  acid  reactioa. 

Staclieru, — I.  Triethylphoephine  ia  quite  insolnble  in  nattr,  bat  diaaolras  in  all 
proportioDa  in  alooW  and  rnn-.— 2.  It  unites  alowlj  with  «M>,  fonning  moatlj 

3Btallia>blr,  but  extremely  aoinble  and  deliqneacent  aalts,  which  may  be  regarded  M 
ta  of  triethjlpboaphooimn  ;  i.g.  (CH')'P.Ha  -  {(?H')^P.a. 

3,  Triethylpboaphine  rapidly  abaotba  oxygtn  from  the  air,  and  is  oonverted  into  the 
oridp,  (C*H*)'PO.  In  pure  o^gen  gas  it  often  takn  fire  and  decomposes,  emittiug 
dense  white  ftamee  of  pboaphon«  anhydride.  A  mixtnre  of  o^gen  gaa  and  vapour  of 
triethylphoapfaiue  explodes  with  vialeDce  when  bettled. 

4.  With  mJpAur  and  fltnium,  triethylphosphine  unitea  directly,  ibrming  tho  cnra- 


id  containing  free  triethylpboaphine  (or 
ne)  be  poured  into  a  watch-glaas,  and  the  vaponr  of  the  carbooic  aul- 
ptide  aLowed  to  flow  upon  it  from  an  inclined  bottle,  the  watch-glaaa  soon  becomea 
covered  with  a  beautiful  network  of  the  red  crystala.  If  t-he  phoaphoraa-baae  ia 
presenl  in  the  form  of  a  aalt,  it  rnnat  fliet  be  liboated  by  adding  a  drop  of  potaah. 
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Gonrenelj,  triethyiphospbine  may  be  very  adrantapeoBsIy  used  fbr  detecting  small 
quantities  of  carbonic  siuphidei  as  in  tbe  most  volatile  fi^etions  of  ooal-tar  naphlba^ 
and  in  coal-gas  (L  777). 

6,  When  triethylphosi^iine  is  poured  into  a  flask  oontaininff  dUortfu,  every  drop 
takes  fire,  with  formation  of  hydrochloric  acid  and  phosphoric  chloride,  and  separation 
of  chaicoaL  If  however  the  action  be  moderated,  crystalline  componnda  are  formed. 
It  also  nnites  directly  with  iodine  and  bromine,  the  combination  being  attended  with 
great  evolution  of  heat  and  sometimes  with  inflammation. — 6.  In  ^anoffen  ga$  it 
■oUdifies  to  a  brown  resin. 

7.  Dihromide  qf  ethylene  and  its  isomer,  bromide  of  hrorndkyl^  unite  with 
1  at  triethylphosphine^  forming  bromide  of  bromethyl-trie(hyl|^oephoniuni, 
r(C*H«Br)(0*H*)«P]Br,  and  with  2  at  triethyl^osphine  forming  dibiomide  of  ethylene- 
hexethyldiphosphonium,  [(C*H«;)'(^^*)'^^>^-~^*  JXchloride  of  ethylene  taid  mono- 
chlorinated  chloride  of  ethyl  act  in  a  similar  manner. — 9.  JH-iodide  qf  eth^ene  bowerer 
acts  in  a  diflSarent  manner.  When  brought  into  contact  with  dry  triethylphosphiiie^ 
it  forms,  generally  with  explosion,  ethylene  gas  and  iodide  of  trietli^lphoephine,  and 
with  alcoholic  triethylphosphine  it  fonns  a  crystalline  mass  genenlly  conaiating 
of  hydriodate  of  trietoyiphosphine.  

10.  When  triethylphosphine  is  heated  with  ethyUe  eJUoraeetaie,  C^CH*)C10*, 
mixed  with  an  equal  volume  of  common  edier  to  moderate  the  action,  a  sticky  mass  is 
formed,  which  <m  addition  of  platinio  chloride,  forms  the  aystallisable  chlofoi^tinate 

of  triethyl-oxethacetylphosphoninm,  rnwHC^^OYO  i  ^'  <^^<^^>  ^  ^®  ammonium- 
base  produced  in  like  manner  from  chloracetio  ethar  and  triethylamine  (ii.  568). 
(Hofmann,  Froc.  Boy.  Soc  xi.  625.) 
Triethylphosphine  unites  with  eulphoeyanate  qf  allyl  (volatile  oil  of  mustard), 

forming  .U,l-.»«th,l-«lphoe.rboiaK*ph««id,.  W*  l^     sad  with  sulpkocy.«aU 

of  phenyl,  forming  the  analogous  phenyl-oompound.  The  eulphoeyanatee  of  methyl, 
ethyl,  amyl  and  et^lene,  on  the  contiaiy,  do  not  unite  directly  witb  triethylphosphine, 
but  undergo  decomposition,  yielding  sulphide  of  triethylphosphine  and  a  ^amde  of 
a  phosphonium.    With  eulphoeyanate  of  ethyl,  for  example,  the  reaction  is» 

(C«H»)CNS  +  2(C»H»)»P     -     (<>H»)»PS  +   [(C«H»)*P]CN  ; 

and  with  eulphoeyanate  of  ethylene: 

{Cm*yC*S*&  +  4((?H»)«P     -     2(C«H*)»PS  +   [(C*H*)"((?H*)^''C*N«. 

11.  The  alcoholic  cyanates,  on  the  other  hand — ^the  cyanates  of  ethyl  and  phenyl  fbr 
example — neither  combine  with  triethylphosphine,  nor  are  decomposed  by  it^  but 
merely  undergo  a  molecular  transformation,  beine  oonverted  by  contact  with  it  into 
oystalline  cyanurates.  Cyanic  acid  vapour  passed  through  triethylphosphine  yields  a 
white  deposit  of  cyanuric  add. 

12.  Triethylphosphine  and  mereaptan  mixed  together  in  an  atmosphere  of  carbonic 
anhydride,  do  not  act  on  one  another  even  at  100^ ;  but  if  air  has  access  to  the 
mixture,  aystals  of  sulphide  of  triethylphosphine  are  gradually  formed,  the  result 
being  due  to  the  oxidation  of  the  triethylphosphine  at  the  enense  of  atmospheric 
oxygen,  and  the  subsequent  conversion  of  the  oxide  into  sulphide,  according  to  the 
equation : 

(0«H»)»PO  +  C*H«8    «    C«HH)  +  ((?H»)«PS. 

It  is  only,  however,  at  the  instant  of  formation  of  the  oxide  that  this  reaction  takes 
place ;  for  ready  farmed  oxida  of  triethylphosphine  and  mereaptan  brought  together 
under  the  most  varying  conditions  of  pressure  and  temperature  do  not  yidd  a  trace  of 
sulphide  of  triethylphosphine. 

13.  Sulphide  of  nitrogen  (p.  109)  is  decomposed  by  triethylphosphine,  gas  being 
evolved,  and  a  yellawish  liquid  formed,  which  on  cooling  solidifies  to  a  fibrous  mass 
of  czystals  of  sulphide  of  triethylphosphine. 

Oompounde  of  Triethylphosphine, 

Chloridb,  Bboiodb,  amp  Iopidb  of  TuBTSTLFHOSPHoni. — Oxide  of  triethylphosphine 
wh(  n  treated  witii  hydrochloric,  hydrobromic  and  hydriodic  acids,  is  converted  into  the 
corresponding  chloride,  bromide,  and  iodide,  (C'H*)'PG1*,  &c.,  which  closely  resemble 
the  oxide  in  their  general  properties.  They  are  liquids  which  gradually  solidify  in  the 
exsiccator ;  the  crystals  fase  at  100°  and  beffin  to  volatilise,  although  their  boiling 
point  is  very  high.  The  compounds  of  trieth^phosphine  with  chlorine,  bromine,  and 
iodine  may  also  be  obtained  by  the  action  of  these  elements  in  aqueous  or  alcoholic 
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aolutioxui  upon  tlie  phoephomi-bafle  itaelf.  Soth  methodic  howevar,  fimuBh  piodacti 
which  are  mfficnlt  to  punfy. 

I^ethjlphoephine  forms  crystallijie  compounds  with  hydroekhrie,  hydrobromie^ 
hydriodic,  sulphurie  and  nitric  aeid»  ;  but  they  can  be  obtained  in  the  diy  state  only 
by  means  of  the  exsiccator. 

aUoroplaiinaU,  2[(C*H*)*P.HCl].Pt*^a*.— The  solution  of  the  base  in  hydiochlorie 
acid  forms  with  pktinic  chloride  a  ciystalline  double  salt^  which  is  sparingly  soluble 
in  cold  water,  insoluble  in  alcohol  and  ether. 

lodoeincaU,  2[(C«H»)«P.HI.].Zn'l»  — The  product  formed  by  heating  dry  iodide  of 
ethyl  with  zinc  and  phosphorus  to  160° — 160^  for  several  hours  (p.  609),  forms  with 
warm  water  a  solution  which  when  left  to  eraporate  deposits  an  oil  which  crystallises  on 
ooolinff  (p.  609);  and  b^  repeatedly  ciystailisinp^  this  product  from  hot  water  and 
alcoh(3,  the  iodozincate  is  obtained  in  large  white  onrstals  which  give  off  triethyl* 
pl^ospMne  when  treated  with  potash  even  in  the  cold  (H of  m  a n  n).  When  cnstallised 
phosphide  of  zinc  is  heated  for  some  time  with  iodide  of  ethyl  to  170^ — 180^,  and  the 
product  is  exhausted  with  alcohol,  an  alcoholic  solution  is  obtained,  which,  when  left  to 
evaporate  i^ery  slowly,  deposits,  together  with  iodide  of  tetrethylphosphonium,  beautiful 
tablets  of  the  iodozincate  of  tiiethy Iphosphine.    (Cahours.) 

OxiDV  OF  TuiETBTLPHospHmB,  (CH')"PO. — This  compound  is  produced :  1.  By  the 
direct  combination  of  triethylphosphine  with  free  oxygen.  The  base  hu,  indeed,  so 
strong  an  affinity  for  oxygen  that  it  cannot  be  distilled  without  oxidation  except  in 
an  atmosphere  of  hydrogen.  In  the  preparation  of  triethylphosphine  by  the  process 
above  described  (p.  609^,  a  quantity  of  the  oxide  always  accumulates  in  the  residues 
left  aft«r  distilling  the  zmc-chloride  compound  with  potash ;  and  these  residues  may  be 
advantageously  used  for  preparing  the  oxid&  On  subjecting  them  to  distillation,  part  of 
the  oxide  distils  over  with  the  aqueous  vapour,  while  the  rest  passes  over  only  in  the 
subsequent  dry  distillation  of  the  saline  residue.  The  distillate,  which  is  an  aqueous 
solution  of  the  oxide,  is  conoentrated  as  much  as  possible  over  the  water-bath,  with  or 
without  addition  of  hydrochloric  acid,  and  the  oxide  of  triethvlphosphine  is  separated 
as  a  supernatant  oily  layer  by  the  addition  of  solid  potash.  It  is  dried  by  leaving  it 
lor  24  hours  in  contact  with  sticks  of  potash,  and  then  redistilled,  the  first  portions 
which  are  watery,  behig  rejected,  and  toe  receiver  changed  as  soon  as  the  <fistiUat6 
begins  to  solidify. 

2.  By  gently  heating  triethylphosphine  with  oxide  of  mercury  or  oxide  of  silver. 
Considerable  evolution  of  heat  then  takes  place,  the  metal  is  reduced,  and  oxide  of 
triethylphosphine  separates  in  oily  drops  or  sometimes  sublimes  in  radiated  crystals. 
It  also  sepsrates  in  oily  drops  when  tnethylphosphine  is  boiled  with  strong  nitric  acid, 
And  potash  is  added  to  the  nighly  concentrated  kquid. 

8.  By  the  action  of  heat  on  hydrate  of  tetrethylphosphonium : 

(C«H»)*PJI.O     -     (C«H»)«PO  +  C«H«. 

On  subjecting  this  compound  to  distillation,  water  passes  over  first,  then  hydride  of 
«thyl  is  given  off  with  strong  intumescence,  and  at  about  200°,  oxide  of  triethyl- 
phosphine distils  over  as  a  viscid  hquid,  solidifying  in  the  neck  of  the  retort  towards 
the  end  of  the  operation.     (Hofmann  and  Cahours.) 

.  4.  By  deoomposinff  the  chlorozincate  of  tetrethylphosphonium,  2rC*H*)*PCL2ii''Cl*, 
with  solid  potash  and  a  small  quantity  of  water.  An  oil  smelling  of  triethylphosphine 
(probably  hydrate  of  tetrethylphosphonium)  then  collects  on  the  surface  (U  the  strong 
potash-ley,  and  when  subjected  to  distillation  yields  the  oxide  (Pebal,  Ann.  Ch. 
Pharm.  cxx.  194). — 5.  By  the  action  of  heat  on  hydrate  of  oxethyl-triethyl-phosphoniunL 
(fiofmann.) 

(C«H»OXC«H»)"P.H.O     -     (C«H»)«PO   +  C«H*  +  H«0. 

Oxide  of  triethylphosphine  crystallises  in  white  slender  needles  often  several  inches 
Lonff^  permanent  in  dry  air,  but  deliquescing  rapidly  in  moist  air.  It  melts  at  44^, 
and  solidifies  at  the  same  temperature  (Hofmann);  melts  at  52-9°  and  solidifies  at 
42®  (Pebal).  Boils  at  240°.  Vapour-density  4-60  (Hofmann),  by  calculation 
(2  vols.)  —  4-669.  It  dissolves  in  all  proportions  in  water  and  in  alcohol,  but  is  less 
soluble  in  ether;  on  evaporating  the  aqueous  or  alcoholic  solutions,  the  oxide  separates 
at  first  in  the  liquid  form,  and  does  not  solidify  till  every  trace  of  the  solvent  has  been 
expelled ;  it  is  also  precipitated  as  a  liquid  from  the  alcoholic  solution  by  ether,  and 
£rom  the  aqueous  solution  by  potash.  It  dissolves  readily  in  acidSf  and  is  converted 
by  hydriodic  or  hydrobromic  acid  into  the  iodide  of  triethylphosphine.  (C'H^WP  or 
the  bromide,  (C«ft»)»PBr«.  r     r         k        j       r 

Oxide  of  triethylphosphine  forms  crystalline  compounds  with  certain  metallic 
salts. 

a.  With  Cupric  sulphate,  3(C«H»)»P0.Cu''S0«.-  When  srystallised  cupric  sulphate  is 
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Added  to  heated  oxide  of  triethylphosphine,  part  disaolves  with  deep  green  colour  whilo 
another  portion  is  separated  as  a  basic  salt.  The  green  solution  turns  blue  on  addition 
of  a  little  water,  and  when  eraporated  in  yacuo  over  oil  of  yitriol,  deposits  the  com- 
pound in  ereen  four-sided  prisms  which  deliquesce  in  damp  air,  yielding  needles  of 
oxide  of  tnethylphosphine.  The  aqueous  solution  yields  crystals  of  pure  cupric  sulphate. 
(Pebal.) 

fi.  With  Trichloride  of  Gold. — This  salt  added  to  a  concentrated  solution  of  the 
oxide  throws  down  a  deep  yellow  oil  which  crystallises  with  difficulty,  and  is  soluble  in 
water  and  in  alcohol.     ( H  o  f  m  a  n  n. ) 

y.  With  StanTious  chloride,— Oily  compound  which  does  not  ciystallise. 

a.  With  Iodide  of  Zinc,  2(C*H»)«P0.Zn"P.- Separates  on  mixing  the  two  solutions 
as  a  ciystalline  precipitate,  or  as  an  oil  which  gz«dually  solidifies  in  the  ciystalline 
form ;  purified  by  recrystallisation  from  alcohoL  It  forms  monoclinic  crystals  exhibit- 
ing the  combination  ooPoo  .  [  ooFoo  ]  .  oP  .  ooP  .  [Poo  ]  .  —  P.*  Ratio  of  axes  a  : 
d  :  6  ->  0*9052  :  1  :  1-3312.  Angle  of  inclined  axes  =  83°  13^  ooP  :  ooP  (orthod.) 
-  96«>  18';  ooPoo  :  ooP  «  132^  21';  ooPoo  :  oP  =  96°  47';  oP :  ooP  «  94<»  34'; 
oP  :  [Poo  ]  «  124°  24';  ooP  :  -P  =  164°  8'.  Twins  occur  with  oP  as  combination- 
fiice.  Lustre  fatty  on  the  faces,  vitreous  on  the  firacture.  Cleavage  distinct  parallel 
to  oP  and  (»P.    The  ciystals  melt  at  99°. 

OxTCELOBiDB  OF  Tbixthtlfhosfhimb,  r^C*H*)"P*Cl*0. — When  dry  hydrochloric  add 
gas  is  passed  over  fused  oxide  of  triethylphosphine,  shining  crystals  of  tiie  oxy- 
chloride  are  formed  which  redissolve  in  excess  of  the  hydrochloric  acid.  If  heat  be 
then  applied  to  drive  off  the  excess  of  acid,  there  remains  a  very  deliquescent  crystalline 
mass,  soluble  in  alcohol,  insoluble  in  ether.  The  solution  treated  with  platinic  chloride 
forms  a  compound  of  that  salt  with  oxide  and  chloride  of  triethylphosphine,  and  when 
treated  with  iodide  of  sine,  it  generally  yields  a  compound  of  zinc-iodide  with  the  oxide 
of  triethylphosphine,  and  only  seldom  with  the  oxychloride. 

The  pUOinuni-compound,  3(C'H*)*P0.(Cr'H*)»PCl*.Pt*'Cl*,  separates  also  imme- 
diately in  the  crystalline  form  when  dry  oxide  of  triethylphosphine  is  mixed  with  a 
saturated  alcoholic  solution  of  platinic  ciiloride.  Sy  recrystallisation  from  alcohol,  it  is 
obtained  in  lai^  orange-red,  six-sided  monoclinic  prisms,  exhibiting  the  faces  ooPoo , 
oP,  coP,  -f-Poo,  +|P.  Batio  of  axes  aib\  e  «  0*6308  :  1 :  1*5776.  Angle  of 
incUnodaxes  «  73^42';  ooP  :  ooP  (orthod.)  -  113°  22';  oP :  ooPoo  »  106°  18'; 
oP :  ooP  =  98°  52';  oP :  +  Poo  «  110^  12' ;  ooP  :  +P  -  160=^  3'.  Cleavage  dis- 
tinct parallel  to  -t- Poo  and  ooP  (Phil.  Trans.  1860,  p.  419). 

The  zinc-compound,  (C'fi*)*P'Cl*0.2^'I',  forms  transparent  colourless  octahedrons, 
soluble  in  water  and  in  aloohoL 

Sblxnidb  of  Tbiethtlfhosfhinb,  (C*Jtl*)"PSe. — Prepared,  like  the  sulphide,  by  the 
direct  combination  of  triethylphosphine  with  selenium ;  the  reaction,  however,  is  less 
powerful  than  with  sulphur. — Ciystallises  from  water  as  easily  as  the  sulphide,  but  the 
solution  is  apt  to  undergo  partial  decomposition  when  exposed  to  the  air.  Even  the 
dry  crystals  are  slowly  reddened  in  the  air.  Melts  at  112°,  and  is  easily  volatilised 
with  partial  decomposition.    (Cahours  and  Hofmann.) 

SiTLPHiDB  OF  TBivxHTLFBOSPHnns,  (C*H*)'PS. — ^This  compound  is  produced :  1.  By 
the  direct  combination  of  triethvlphosphine  with  sulphur.  Flowers  of  sulphur  are 
gradually  introduced  into  an  ethereal  solution  of  triethylphosphine  till  a  portion 
remains  undissolved,  the  liquid  effervescing  on  each  addition.  The  ether  is  then 
Tolatilised,  and  the  residuary  mixture  of  the  sulphide  and  free  sulphur  treated  with 
boiling  water,  which  dissolves  the  sulphide  and  on  cooling  deposits  it  in  perfecUy  pure 
crystaui. — 2.  Bv  distilling  triethvlphosphine  with  cinnabar,  which  is  then  reduced  to 
mercurous  sulphide  or  to  metallic  mercury. — 3.  By  the  action  of  triethvlphosphine  on 
sulphide  of  nitrogen  (p.  611).— 4.  By  the  decomposition  of  carbosulphide  of  triethyl- 
phosphine with  water  or  silver-oxide. — 5.  By  the  action  of  mercaptan  on  triethylphos- 
phine in  presence  of  air  (p.  611). 

Bv  slowly  cooling  the  aqueous  solution,  the  compound  is  obtained  in  beautiAil  white 
needle-shaped  crystals  often  five  or  six  inches  long.  These  crystals  are  six-sided 
prisms  with  pyramidal  summits  (system  hexajgonal),  exhibiting  the  combination  ooP  . 
P,  rarely  witn  ooP2.  Length  of  principal  axis  —  0*8211.  Angle  P  :  P  in  the  termi- 
nal edges  «  143°  16';  in  the  kteral  edges  »  78°  9';  P  :  ooP  «  129°  4'.  They  ar« 
optically  positive,  the  index  of  refraction  oeing  1*65  for  the  extraordinary,  and  1*59  for 
the  ordinary  rayjfPhil.  Trans.  1860,  p.  423).  The  compound  melts  at  94°,  and  resoli- 
difles  at*88°.    When  heated  beyond  100°,  it  is  voUtiliMd  and  diffuses  a  white  vapour 

*  Tha  erytUlline  forms  and  optical  propertlei  of  this  and  the  other  compounds  of  tbephosphoms-bases. 
as  determined  by  Q  u  ( n  tl  n  o  S  e  i  i  a,  are  ftilly  described  In  Hofmann's  Memoir  (Phil.  Trans.  1860,  p.4€9); 
also  in  Sella*s  Memoir,  **  StiOe  farn*^  tri^taUine  di  atcmnisaii  deriMtt  daW  ammomtaca,"  Torino,  1861 
(ft-om  the  '*  Memorle  della  Reale  Accademia  delle  Scieuse  di  Torino  "  [2]  xx.).    See  also  Jahrerb.  1860,. 
p.  331  <*<  ie^. ;  1K6I ,  p.  467  et  $eq' 
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having  a  duagMeable  snlphar  odour,  which  is  bat  fdightly  perceptible  at  common  tent- 
peratorea.  When  heated  with  a  quantity  of  water  not  rai&cient  for  its  Bokition,  it 
rises  to  the  surface  in  the  form  of  a  transparent  oil  which  is  copiously  volatilised  with 
the  aqueous  Tapovr. 

Sulphide  of  tiiethylphosphine  is  instantaneously  decomposed  hypotasHum  or  9adium 
with  separation  of  triethylphosphine. 

It  is  much  more  soluble  u  hot  than  in  cold  water,  only  a  small  quantitf  remaining 
dissolved  at  ordinazy  temperatures.  It  is  still  less  soluble  in  alkaUne  liquid*.  On 
adding  an  aUudi  to  the  cold  aqueous  solution,  the  mixture  becomes  turbid  and  soon 
deposits  small  ciystals.  On  adding  potash  to  the  boiling  saturated  aqueous  solution, 
the  sulphide  instantly  separates  in  oily  drops,  which,  as  the  liquid  cools,  rapidly  solidify 
into  spherical  aggregates  of  crystals.  It  dissolves  even  more  readily  in  alcohol  and 
ether^  and  in  dUulpmde  qfearSon  almost  without  limit ;  from  this  solvent  it  does  not 
crystallise  pezfwtly. 

The  aqueous  solution  is  without  action  on  vegetable  colours ;  the  compound  nevw- 
theless  appears  to  possess  weak  basic  properties.  It  dissolves  more  readily  in  hydro- 
chloric  actdf  espeduly  when  concentrated,  than  in  water,  and  the  solution  furnishes 
with  tetrachlonde  of  platinum  a  yellow  precipitate,  whidi  however  rapidly  cakes  into  a 
rpsinous  mass,  ffiving  indications  of  decomposition  by  the  separation  of  platinic  sulphide. 
The  sulphide  tSao  d^solves  in  dilute  nUphnric  and  nitrie  acids ;  concentrated  nitric 
acid  decomposes  it ;  the  Aiming  acid  gives  rise  to  a  sort  of  detonation.  The  aqueous 
solution  is  not  affected  by  acetate  of  lead,  niirate  of  silver,  or  mercuric  oxide,  even  at 
the  boiling  temperature ;  the  alcoholic  solution,  on  the  other  hand,  is  instantaneously 
decompose,  with  separation  of  the  sulphide  of  lead,  silver,  or  mercury. 

CASBosuxvHinn  ov  TnixrHTLFHOSFHani,  (C-H*)7.CS*  »  /q^)*!  S'      '^''^y^' 

phoephine  and  disulphide  of  carbon  combine  together  with  violence,  forming  a  red 
crystalline  mass.  On  mixing  the  two  substances  in  alcoholic  or  ethez«al  solution,  the 
compound  immediately  separates  in  red  crystalline  lamina,  which  may  be  purified  by 
redystallisation  from  alcohol,  and  dried  over  oil  of  Titriol  It  forms  dark  red  mo- 
noclinic  prisms,  in  which  the  axes  a:b:c  »  1'6970  :  1 :  0*9205.  An^e  b:e  m, 
660  49'.  Observed  feces  ooPoo ,  [  ooPoo  ],  oP,  ooP,  i-Poo.  Angle  ooP  :  <xP  (orthod) 
«  56°  19';  oP :  ooPoo  =  123o  11';  oP  :  ooP  -  119°  0';  oP :  +  Poo  «-  122®  47'. 
deavage  distinct  parallel  to  [  ooPocr]  and  ooPoo  (PhiL  Trans.  1860,  p.  428).  It 
melts  at  90^  and  Totatilises  at  100**.  Heated  with  wattr  in  a  sealed  tube  to  100°  for 
several  days,  it  is  decomposed,  with  formation  of  sulphide  and  oxide  of  triethylphos- 
phine^ hydrate  of  methyl-triethylphosphonium,  and  carbonic  disulphide,  the  utter 
being  fiirther  partly  converted  by  the  water  into  carbonic  dioxide  and  sulphydric 
acid: 

4[(C«H»)«P.C!S*]  +  2H«0  -  2(C^»/PS  +  (0»H»)TPO  +  (C5H«XC«H»)^H0  +  3CS«. 

The  alcoholic  solution  boiled  with  oxide  or  nitrate  of  silver  yields  sulphide  of  tri- 
ethylphosphine togedier  with  metallic  silyeir,  sulphide  of  silver,  ud  carbonic  dioxide: 

(C»H»)^.CS«  +  2AgK)   -  (C*R*YP8  +  Ag«S  +  Ag*  +  C0«. 

Carbosulphide  of  triethylphosphine  dissolves  in  strong  J^^drochlorie  add,  but  is 
precipitated  by  potash  or  ammonia  without  alteration.  The  add  solution  forms  with 
trichloride  of  aold  and  with  tetrachloride  of  platinum,  yellow  amcurphous  double  salts, 
which  are  insoluble  in  alcohol  and  ether,  change  colour  and  give  off  hydro<^oric  acid 
during  drying.    The  plaiinum-ealt  «-  2[(C^»)«P.CS«]  H»Cl«J*t*'a«.    (Hofmann.) 

SoTJVOOTAirATB  OF  TBXBTHTi.ra[oiFHOiiiiJX,  ((7H*)'HP.CNS  «  ((>H*)'>p'  Pro- 
duced by  dissolving  triethylphosphine  in  sulphocyanic  acid.  When  heated,  it  partly 
volatilises  undecomposed,  but  the  greater  part  suffers  decomposition,  giving  off  sulphide 
and  carbo-sulphide  of  triethylphosphine,  together  with  free  carbonic  disulphide  and 
leaving  a  brown  ill-defined  substance  which  gives  off  ammonia  when  treated  with  an 
alkali.  (Hofmann.) 

Tetretlijlplaoftplioiiliiiii,  (C^*)^P.— Known  only  in  combination.  The  hydrate, 
^  '^  ^  1 0,  is  obtained  by  the  action  of  silver-oxide  on  the  iodid&  A  strongly  alka- 
line, nearly  inodorous  bitter  liquid  is  thereby  formed,  which  retains  a  little  silver  in 
solution,  isA  dries  up  over  oil  of  vitriol  to  a  crystalline,  extremely  deliquescent  msfis, 
the  silver  separating  at  the  same  time  as  a  black  powder,  or  as  a  brilliant  metallic 
mirror.  This  mass  when  redissdved  in  water  yields  a  colourless  liquid  free  from  silver, 
but  geperall^  containing  carbonic  add.  The  solid  hydrate  absorbs  water  and  carbonic 
add  with  avidity. 
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In  its  deportment  with  other  sul^stanceSy  hydrate  of  tetrethylphorohonium  reaemblee 
hydrate  of  tetrethylammonium  (iL  561),  its  solution  reacting  iritn  metallic  salts,— 
like  a  solution  of  caustic  potash ;  but  some  of  the  precipitates,  e.  y.  alumina  and  zinc- 
oxide,  dissolve  less  readUr  in  excess  of  the  |>hoephorus-bafie. 

The  hydrate  is  resolved  by  heat  into  hydride  of  ethyl  and  oxide  of  triethylphosphine 
(p.  612).  If  however  it  has  been  exposed  for  some  time  to  the  air  and  has  absorbed 
earbonic  acid,  a  different  decomposition  takes  place,  the  carbonate  of  tetrethylphoepho- 
nium  being  resolved  into  triethylphosphine  and  carbonate  of  etbyl,  which  passes  over 
in  the  form  of  an  inflammable  aromatic  liquid,  without  any  evolution  of  permanent 
gas: 

[(C«H»)*P]»CO«      -       2(C«H»)»P     +     (0«H»)«00». 

Salts  of  Tetrethylphosphonium. — The  hydrate  dissolves  in  h^drodilorie,  nitric 
and  sulphuric  adds,  forming  erystallisable  deliquescent  salts,  soluble  in  alcohol  but  for 
the  most  part  insoluble  in  ether.  The  hydrochlorate  fonns  spazingly  soluble  precipi- 
tates with  trichloride  of  gold  and  tetrachloride  of  platinum.  The  ffold'salt, 
(C^')*P.AuCl*,  crystallises  ftom  boiling  water  in  shining  yellow  needles.  The 
^pkUintnn'SaU,  2(Cm*)'F.PtGl*,  is  a  pale  orange-yellow  precipitate,  sparingly  soluble  in 
DoiHng  water,  inisoluble  in  alcohol  and  ether,  not  decomposing  at  100^.  When  recry- 
stallised  from  boiling  water,  it  forms  regnlir  octahedrons  having  their  summits  replaced 
by  faces  of  the  cube. 

ChlorogineaU,  2(C*H»)*PCLZn''OT.--When  oxychloride  of  i>hoephorus  is  added  by 
drops  to  pure  sine-ethyl,  a  violent  reaction  is  set  up  (explosive  if  an  ethereal  solution  of 
sine-ethyl  is  used),  and  a  eolouriess  syrup  is  formed  which  gradually  solidifies  to  a 
vitreous  mass,  which  is  decomposed  by  water  into  gaseous  hydride  of  ethyl,  insoluble 
oxychloride  of  zinc,  and  a  solution  which  when  evaporated  over  oil  <tf  vitriol  yields  the 
chlorozincate  in  colourless  transparent  dimetric  crystals : 

4Zn''(CTa»)*  +  2P0Ca»     «     2(C«H»)*PaZn"a»  +  2Zn''0   +   Zn'OT. 

The  double  salt  is  permanent  in  the  air  and  easily  soluble  in  water.  (Pebal,  Ann.  Ch. 
Pharm.  cxx.  198.) 

Iodide,  (C'H*)^PL — On  mixing  triethylphosphine  with  iodide  of  ethyl,  a  violent 
action  ensues  after  a  few  moments,  the  liquid  effervescing  with  almost  explosive  violence, 
and  then  solidifying  in  a  white  ciystaUine  mass.  If  an  ethereal  solution  of  triethylphos- 
phine is  used,  the  crystals  form  more  slowly.  It  is  also  produced  by  submitting 
hydrate  of  ethylene- hexethyl-diphosphonium  (p.  621)  to  the  action  of  heat,  and  neu- 
tndising  the  alkaline  residue  (which  contains  nydrate  of  tetrethylphosphonium)  with 
hydrio£c  add. 

Iodide  of  tetrethylphosphonium  crystallises  in  rfaombohedral  combinations  (more  or 
less  complex  accorcuns;  to  the  mode  of  preparation^  of  the  facea  oR^  ooP2,  R,  ~  ^B, 
§P2.  The  angles  of  these  several  faces  m  the  termmal  edges  are  as  follows :  B  :  B  «■ 
83<^26';  }P2:  JP2  -  127°  6';  |P2  :  |P2  -  139«>;  - JB  :  -JB  -  .1110  46';  B: 
oB  =  120*'  28* ;  oB  :  jP2  =  117^.  Isomorphous  with  iodide  of  silver.  (PhiL  Trans. 
1860,  p.  533;  Jahresb.  1861,^.  478.) 

The  iodide  is  veiy  soluble  m  water,  less  soluble  in  alcohol,  insoluble  in  ether.  The 
aqueous  solution  crystallises  on  addition  of  potash-solution,  in  which  this  compound, 
like  the  iodides  of  tetramethylammonium  and  tetrethylammonium  (ii.  562 ;  iii.  999), 
is  but  slightly  soluble.  From  the  alcoholic  solution  it  is  deposited  on  addition  of 
ether,  as  a  ciystalline  powder.  If  ether  be  added  to  a  cold  alcoholic  solution,  as  long 
as  ihe  predpitate  first  formed  is  dissolved  by  boiling,  well-formed  crystalB  of  the  iodide 
are  deposited  on  cooling. 

lodozincate,  2(C«H*)*PLZn'T.— This  salt,  which  constitutes  the  chief  product  of  the 
action  of  ethylic  iodide  on  aystallised  phosphide  of  sine  (p.  609),  forms  beautiful 
yeUowish  crystals.    (Cahours.) 

Hettoyl^trletlisnplioaylioiiiiiiii,  (CH>XOrE>)*P.— The  iodide,  (CH')(C*H>)'PI,  is 
produced  by  direct  combination  of  methylic  iodide  with  triethylphosphine.  The  hydrate 
IS  obtained  by  treating  the  iodide  with  silver-hydrate,  or  by  heating  carbosulphide  of 
triethylphosphine  with  water  (p.  614).  The  aqueous  solution  mixed  with  hydrochlorid 
add  and  tetrachloride  of  platinum  yields  the  ptaHnum^'Salt,  %(CH*)(C*H.'fPCl.^Cl*. 

BtlijlHtrlmetli7lpliMplioiUimM(C>H*XCH')7.~TheitK;«fo,rC«H*)(CH^  is 
obtained  by  adding  iodide  of  ethyl  to  an  ethereal  solution  of  trimethylphosphine,  and 
purified  by  recrystalliBation  from  boiling  water.  The  hydrate,  obtained  by  decomposing 
the  silver-salt  with  silver-hydnrte,  yiel&  with  hydroehlorie  add  and  tetrachloride  of 
platinum  a  platinum-salt,  2(C«H*)(CH»)"PCl.PtCl*,  crystallising  in  large  well-defined 
octahedrons. 
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y,  Amyl'eompounds. 

gHmlteylMnjtpfc— pteeaiam,  G*H**P  a  (CH*)^CVi)P.— The  iodide, 
CH**?!,  is  deposited  slowly  from  an  ethereal  miztore  of  iodide  of  amjl  and  trimethyl- 
phoephine.  It  is  extremely  soluble  in  water,  so  that  if  the  ethereal  solntion  of  iodide 
of  amyl  contains  onl^  a  trace  of  water,  the  salt  separates  in  the  form  of  a  symp  which 
only  gradually  solidifies.  From  absolute  alcohol  it  crystallises,  though  with  difficulty, 
in  needles. 

CJUoropUiHnate,  2(CH")«(C»H")PCl.PtCl«.— The  hydrate,  formed  from  the  iodide  by 
means  of  hydrnte  of  silrer,  yields  with  hydrochloric  acid  and  tetrachloride  of  platinum 
a  Tery  soluble  platinnm-salt,  which  crystallises  from  boiling  water  in  splendid  needles 
aggregated  in  spherules.     (Hofmann  and  Cahours.) 

Trtethjrlmniyltfh— phftnlum,  C"H^  <-  (CPH«)^G*H")P.— Iodide  of  amyl  acts 
but  slowly  on  triethylphosphine.  An  ethereal  mixture  of  the  two  substances  deposits 
in  a  few  days  beautiful  crystals  of  the  iodide  C^'H'fPI,  which  may  be  purified  by  so- 
lntion in  alcohol  and  precipitation  by  ether. 

The  hydrate^  obtained  by  treating  the  iodide  with  hydrate  of  silrer,  resembles  the 
hydrate  of  tetrethylphosphonium«  When  heatml,  it  gives  off  a  small  quantilT  of  in- 
flammable gas,  prolwbly  hydride  of  ethyl,  a  liquid  being  also  formed,  which  boils  at 
about  280^,  and  appears  to  be  the  oxide  of  diethylamylphosphine : 

ChloroplatifuOe,  2(0*H*)*(C*H")PCaj>tCl\— The  solution  of  the  hydrate  in  hydro- 
ehlorie  acid,  deposits,  on  sddition  of  tetrachloride  of  platinum,  a  beautiful  platinum- 
salt,  which  crystallises  in  prisms  with  flat  terminal  planes.  It  is  insoluble  m  alcohol 
and  ether,  but  rather  soluble  in  water, 

8.  Allyl-  compounds. 

TrietliylHJIylplMo«phonlwm,(yH»P:^(C?H*)*(C'H»)P.--IodideofaDylaetawith 
great  energy  on  triethylphosphine,  forming  a  solid  product  which,  when  recrystallised 
from  alcohol,  yields  splendid  needles  of  the  iodide,  (G'H>)*(CH*)PL  The  eUoride  and 
hydrate  resemble  the  corresponding  compounds  of  tetrelhylphoephonium.  The  cUoro' 
fiatinate  crystallises  readily  in  oct^edrons.  The  eulphMsyanate,  (C*H*W<7H*)P.CNS, 
obtained  by  treating  the  hydrate  with  sulphocyanic  add,  is  easily  soluble  and  crystal- 
lises with  difficulty.    (Hofmann,  PhiL  l^ans.  1860,  442.) 

C«H»  j^ 
^Hofmann,  PhiL  Trans.  1860,  p.  439). — ^This  base,  metamerie  with  the sulphocyanate 
just  mentioned,  and  formed  on  the  carbamide  or  urea  type,  is  produced  by  the  direct 
combination  of  1  at.  sulphocyanate  of  allyl  with  1  aL  triethylphosphine.  The  two 
bodies  act  on  one  another  with  great  violence,  forming  a  brown  mixture  which,  after 
some  days,  yields  brown  crystals  difficult  to  purify.  It  is  better  to  mix  the  two  sub- 
stances in  ethereal  solution,  a  crystalline  mass  being  then  obtained,  which  may  be 
purified  by  washing  it  with  cold  ether,  and  once  recrystallising  from  boiling  ether. 

This  compound  crystallises  with  great  fiicility  in  colourless,  transparent,  well-defined 
crystals,  haif  an  inch  long.  They  are  monoclinic,  exhibiting  the  faces  ooPoo ,  oP, 
ooP,  ^Poo,  -f  2Pao,  +iP.  Katio  of  axes,  a  :  6  :  c  -i  0*8321 :  1  :  0-3084.  Angle 
of  incUned  axes,  6,  e  «  lia'^  15'.  Angle  ooP  :  ooP  (orthod.)  -  132^  27;  oP  :  ooP  - 
99<>  46' ;  oP  :  ooPoo  -«  116°  16';  oP  :  +  Poo  »  130°  26' ;  oP  :  +  2Poo  -  100°  64'. 
The  crystals  are  less  hard  than  gjrpsum;  cleave  easily  and  distinctly  parallel  to 
ooPflo  and  oP.    (PhiL  Trans.  1860,  440.) 

The  compound  is  insoluble  in  water,  but  easily  soluble  in  alcohol,  the  solution 
having  a  fiunt  alkaline  reaction.  It  melts  at  68°,  and  solidifies  at  61°.  At  a  hi^er 
temperature  it  decomposes,  emitting  a  peculiarly  repulsive  odour,  and  yielding  crystals 
of  sulphide  of  triethylphosphine  in  considerable  quantity.  It  dissolves  readily  in  hydzo- 
chloric  acid,  and  the  solution  mixed  with  platinic  diloride  yields  a  light  yellow  scaly 
precipitate  of  a  pUUmum^aU, 

(?»H«N*PWPta*    -    2[(CS)''(C«H»)«(C»H»)NP].H«Cl«J»tK!l«. 

c.  Phenyl-'Compound, 

(CS)"  )j^ 
TMetbjl-plMByriHralylioowbo-plMapliAiiitriae,  C"H*NPS   »  (C*H*)*y^ 

C«H»  j^ 

(Hofmann,  PhiL  Trans.  1860,  p.  432). — This  base,  analogous  in  composition  to  the 
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allyl-componnd  just  deseribed,  is  produced  in  like  manner  by  the  direct  combination  of 
triethylphoflphine  with  solphocyanate  of  phenyl,  and  likewise  pnrifled  by  washing  with 
cold  ether  and  ciystallisation  from  boiling  ether.  The  dystals  are  moni^inie, 
exhibiting  the  fiices  ooP,  ooPoo ,  (  ooPoo  ),  oP,  with  the  anglee  o»P  :  odP  (orthod.)  «■ 
91°  C ;  S :  aoF  -  109^  60';  oF  :  ooPoo  =  US®  fig*.  The  crystals  are  about  as 
hard  as  gypeun,  and  cleave  distinctly  parallel  to  ooPoo ,  with  fibrous  cleavage  parallel 
to  ooPoo .  This  compound  is  homceomoiphous  with  the  preceding,  also  with  thiosinna- 
mine  or  allyl-sulphocarbamide. 

The  phenylic  phosphonitride  melt<  at  67*5^,  and  decomposes  at  100^  like  the  allprl- 
compound,  emitting  also  an  extremely  repulsive  odour.  The  same  decomposition 
takes  place  gradually  at  common  temperatures,  and  most  quickly  when  the  compound 
is  heated  to  160<>— 160^  in  sealed  tubes. 

The  phosphonitride  is  insoluble  in  water,  but  soluble  in  alcohol  and  in  boiling  ether. 
It  dissolves  also  with  the  greatest  f/Mlitj  in  acidef  even  when  very  dilute,  forming,  in 
many  cases,  easily  oystaUisable  salts  which  are  capable  of  double  decomposition,  and 
from  which  the  base  may  be  separated  by  careful  addition  of  potash  or  ammonia.  They 
are  however  very  prone  to  decomposition.  Nitrie  acid,  even  if  extremely  dilute^ 
decomposes  the  compound,  separating  sulphocyanate  of  phenyl,  and  converting  the  tri- 
ethylpnoephine  into  oxide.  The  solution  of  the  base  in  hydrochlorio  acid  is  more 
stable,  but  becomes  milk^  when  largely  diluted  with  water,  sulphocyanate  of  phenyl 
separating  out,  and  ehlonde  of  triethylphosphonium  remaining  in  solution.  Ammonia 
added  to  the  concentrated  hydrochloric  solution,  separates  the  base  without  decompo- 
sition ;  but  if  the  dilute  solution  be  boiled  with  ammonia,  the  turbidity  percentible  at 
the  commencement  disappears  a^in,  and  after  a  few  moments,  crystals  of  pnenyl- 
sulphocarbamide  separate,  tnethylphoephine  being  likewise  set  free: 

(C»H»)«J2   +  H«N    -   (C«H»)»P  +    C^»lN». 

Potash  acts  in  a  sunilar  manner,  excepting  that  it  separates  dipheny  I-sulphoear- 
bamide: 

2  r(C«H*)>lp  1    +  4KH0  -  K«  +  K«CO«  +  HH)  +  2(C«H»)«P  +    CTI*)»[n«. 

On  adding  a  few  drops  of  earbonie  distUphide  to  a  solution  of  the  phenylic  phospho- 
nitride, the  liquid  becomes  deep  red,  and  on  cooling  deposits  crystals  of  carbosulphide 
of  triethylphosphine ;  and  the  mother-liquor  yields,  on  evaporation,  oily  drops  of 
phenylic  sulphocyanate. 

Bydrochlorate,  C"H**NPaHGL— The  solution  of  the  phosphonitride  in  hydro- 
chloric acid  solidifies  on  cooling  to  a  eratalline  mass,  which  when  recrystallised  from 
moderately  warm  water,  yields  splendid  cadmium-yellow  crystals  often  an  inch  long. 
Boiling  water  decomposes  it^  and  the  dry  salt  likewise  decomposes  at  100^.  The  same 
is  the  case  with  all  tne  other  salts  of  the  base :  they  must  therefore  be  dried  in  vacuo 
over  oil  of  vitrioL 

The  hydrobromate  is  analogous  to  the  hydroehlorate  in  composition  and  in 
properties. 

The  ehloroplatinate,  20>'H'■NPSCl.Pta^  separates  as  a  light-yellow  cr^talline  pre- 
cipitate, or  from  dilute  solutions  in  somewhat  better-fbrmed  oystaJs,  often  in  lily-shaped 
aggregations. 

rcsr 

MethfUiodide,  C»»H*NPS.Cara    -    ^^^7 

CH« 

pouring  iodide  of  methyl  into  an  ethereal  solution  of  the  phenj^lic  phosphonitride,  and 
separates  immediately  as  a  heavy  oil  which  rapidly  solidifies  into  a  crystalline  massL 
It  is  soluble  in  bouing  water,  and  separates  on  cooling  in  splendid  golden-yellow 

MethyUhloroplatinaie,  C«^*«N*P»S«PtCl«  =  2(C"H*NPS.CHKn).Pt«'Cl*.— The 
chloride  obtained  by  treating  the  methyl-iodide  with  chloride  of  silver,  yields  on 
addition  of  platinic  chloride,  an  aeicnlar  platinum- salt  having  this  composition,  which 
may  be  recrystallised  from  boiling  water. 

(CSr        )  N 
Meayl-hydraU,  C"H«NPSO  -  C»»H««NPaCH»(HO)  »  (C*H»WC^»)  Ip.— The 

(CH»)H     jo 
iodide  treated  with  moirt  oxide  of  silver  yields  a  very  caustic  alkaline  hquid  oontaininff 
this  hydrate,  inasmuch  as»  when  saturated  with  hydrochloric  acid  and  mixed  wiw 


N 

P. — ^ThiB  compound  is  formed  on 

I 
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platinio  dbloiidei  it  yields  the  aeieular  platmom-ult  just  detenbed.  It  is  Ixiwerer 
easily  decomposed ;  for  on  boiling;  it  emits  the  odour  of  phenylie  snlphoc^aDate,  and  if 
the  boiling  be  prolonged  till  this  odonr  is  no  longer  perceptible,  siddition  of  hydro- 
chlorie  acSl  ana  platinic  chloride  no  longer  produces  the  acicnlar  platinum-salt^  but  in 
its  place  large  yellow  octiJiedions  are  deposited  on  eraporation,  consisting  of  the 
chlon^latinate  of  methyl-triethyl-phosphonium. 

f.  Beneyl-eompound. 

THetliy1^beBmyln>l»oap]ioiiliiiii«  The  chloride,  (<7H*)*(C'H')Pa,  is  produced 
by  heating  triethylphosphine  with  chloride  of  bensylene,  C^H"Ci*  to  l%ifi^\W^;  best 
in  presence  of  alcohol : 

8(C»H»)^  +  C»H«C1«  +  H«0  -  (C*H»)"((rH*)Pa  +  (C*H»)«HPa  +  (Cm»)»PO. 

The  bensyl-phosphomnm  base,  liberated  by  snoeessiTo  treatment  with  baryta,  oxide  of 
silver,  and  carbonic  add,  forms  a  strongly  alkaline  liquid,  yielding  a  well  cfystallised, 
but  Teiy  deliquescent  iodide,  and  a  sparingly  soluble  platinum-salC  which  when  reoya- 
tallised  from  boiling  water,  exhibited  the  composition  2[(<7H*)*(CH*)PCl]PtCl«. 

i|.    Monopko$p\on%umB  produced  hy  the  action  of  Diatomie  alcoholic 
Bromides,  Chlorides,  fcon  Trimethyl*  and  Triethyl-phoephine, 

Brometliyl-trlatlayl-vltosplMaiam.  (CWBrXC*H*)7.~The  bromide  of  this 
radide,  C*H**FBr*  -  (Gai«BrXG^*)*PBr,  is  produced,  together  with  dibromide  of 
ediylene-hexethyl-diphosphonium,  by  the  action  of  dibromide  of  ethylene  on  triethyl- 
phosphine (ppu  608,  611): 

(C»H»)«P     +     C^*Br«      -      (C«H<BrXO«H»)TBr 

and  2(C«H»)«P     +     (?H*Br»      «       (C«H^)''(0«H»)«P«Br«. 

The  mixture  becomes  turbid  at  first  and  gradually  solidifies  to  a  saline  mass  of  the 
two  salts ;  the  action  is  accelerated  by  gentle  heating.  It  is  best  to  add  the  dibromide 
of  ethylene  to  triethylphosphine  mixed  with  twice  its  volume  of  ether  in  a  fiask  filled 
with  carbonic  dioxide  and  provided  with  an  upright  condensing  tube.  As  soon  as  the 
liquid,  on  being  heated  with  carbonic  disulphide  (p.  710^,  gives  no  fnither  indication 
of  the  presence  of  free  triethylphosphine,  the  separatea  (oystals  are  collected  on  a 
filter  and  washed  with  ether  to  free  them  from  adhering  dibromide  of  ethylene.  To 
separate  the  two  bromides  (which  are  accompanied  bv  snudl  quantities  of  oxide  and 
hydrobromate  of  triethylphosphine)  they  are  crystallised  three  or  four  times  from 
absolute  alcohol,  mixed  for  the  last  erystalUsation  with  a  little  ether.  The  much  more 
soluble  diphosphonium-bromide  then  remains  in  the  mother-liquors,  and  the  bromide 
of  bromethyl-triethyl-phosphonium  is  ultimately  obtained  quite  pure  and  sometimes  in 
separate  well- developed  crystals. — 2.  Brominated  ethylic  bromide  (CH^BrJBr),  acts 
upon  triethylphosphine  in  a  similar  manner,  but  less  energetically,  and  yields  a  smaller 
proportion  of  the  monophosphonium-bromide. 

Bromide  of  bromethyl-triethyl-phosphonium  aystallises  in  white,  unctuous,  much 
elongated  rhombic  dodecahedrons,  very  soluble  in  water  and  in  aqueous  aJteohol,  less 
soluble  in  absolute  alcohol.  It  melts  at  236^,  and  decomposes  at  h^her  temperatures, 
giving  offhydrobromic  acid. 

BUver-ealU  added  to  a  cold  solution  of  this  bromide,  throw  down  only  half  the 
bromine,  yielding  salts  of  bromethyl-tiiethylphosphonium  which  aenerally  form  double 
salts  with  the  excess  of  the  silver-salt.  On  continued  boiling,  however,  the  whole  of 
the  bromine  is  precipitated  as  bromide  of  silver,  with  formation  of  a  salt  of  vinyl- 
triethylphoephonium  (p.  608).  It  is  on  account  of  the  greater  force  with  which 
one-half  of  the  bromine  is  retained,  that  the  compound  is  supposed  to  contain  a 
brominated  radide.  For  another  view  of  the  constitution  of  this  and  similar  compounds, 
see  Ajocoinuic-BASBS  (i  197).  Silver-oxide  digested  with  bromide  of  bromethyl-tri- 
etbylphosphonium,  predpitates  all  the  bromine,  and  forms  a  solution  of  hydrate  of 
oxethyl-tnethylphosphonium.  Potash  has  no  action  on  the  compound  in  the  cold;  after 
prolonged  boiling  it  produces  reactions  whidi  have  not  yet  been  examined.  When  a 
solution  of  the  bromide,  addulated  with  sulphu/ria  aoid,  is  digested  with  granulated 
sine,  bromide  of  tetrethylphosphonium  is  produced : 

(0»H*BrXO»H»)»PBr  +  H«     -    (C«H»)«PBr  +  HBr. 

Bromide  of  bromethyl-triethyl-phosphonium  unites  with  1  at.  triethyU  or  trimethyl' 
phosphine,  forming  dibromide  of  ethylene-hexethyl-diphoephonium  or  of  ethylene-tri- 
methyl-triethyl-diphosphonium ;  similarly  with  1  at  amTnonia,  eihylamine,  diethyl^ 
amine,  and  trimethylamine,  forming  dibromides  of  phosphammoniums :  cg,-^ 

((?H*BrXC«H*)'PBr  +  NH»     -     [(C»H*)''CC»H»)«H»PN]'Br». 
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JViMylamme  alone  aete  in  a  diflbrent wsy;  in  ^uuimeg  of  not  perfeeCIy  dehydzated 
alcohol,  it  fonnn  bromide  of  oxethyl-triethyl-phoephonium  and  bromide  of  triethyl- 
ammomnm : 

(CTa*Br)(C«H*)«PBr  +  (OWfS  +  H^     -   (C«H*OXC«H*)»PBr  +  (C«H»)«HNBr. 

If  water  be  completely  exdnded,  no  action  takes  place  at  100°,  and  the  products  formed 
aboye  130°  have  not  yet  been  examined. 

Chloride  of  Bromethyl'triethyl-phoaphonium  is  obtained  by  digesting  the  bromide 
-with  chloride  of  silyer.  It  is  yery  soluble  in  water  and  in  alcohol,  and  only  imperfectly 
oystallisable.  The  ehhro-aurate,  (C>H<BrXO^*)'FClAnCl*,  eryBtallisea  from  boiling 
water  in  light  yellow  needles  slightly  solnhle  in  cold  water.  The  ehloropiatinaie, 
2[(CH^BrXC'H*)'PGl]PtCl\  forms  long  monodinic  prisms  having  an  orange-yellow 
oolonr  and  vitreous  lustre.  The  crystals  are  combinations  of  the  £m^  ooPqo  ,  [  ooPoo  1, 
odP,  +Poo,  -Poo,  [Poo],  +P,  -P,  2P2.  Angle  ooP  :  ooP  (orthod.)  -  91°  49  ; 
ooP  :  +P  «  133°  45*;  ooP  :  -P  -  133°  3';'  +Poo  :  +P  -  160°  ZT;  -Poo  :  -P 
-i  150°  14';  2P2  :  -P  -  160°  53';  2P2  :  ooP  »  141°  39'  (PhiL  Trans.  1860, 
p.  497).  IKatio  of  axes  a:b:e  «-  0*9665  :  1  :  0*6680.  Angle  of  inclined  axes  5,  o  » 
89°  2^.  The  salt  dissolves  rather  sparingly  in  cold,  more  easily  in  boiling  water,  and 
may  be  recrystallised  without  decomposition. 

Iodide  of  Bromethyl-trietkyl-pkoevhonium^  obtained  by  decomposing  the  sulphate 
with  iodide  of  barium,  forms  sparingly  soluble  pearly  scales.  Hie  nitrate  is  similar  to 
the  chloride.  The  sulphate  separates  in  long  white  needles^  easily  soluble  in  water  and 
alcohol,  when  the  bromide  is  first  converted,  by  treatment  with  silver-sulphate,  into  a 
double  sulphate  of  silver  and  bromethjrl-triethyl-phoephoninm,  and  the  solution,  after 
being  freed  from  silver  by  sulphydrie  acid  and  evaporated,  is  mixed  with  a  litde  alcohol 
and  ether.    (H  o  f  m  a  n  n.) 


Clileretli3rl-triefli3rl-9ho«plioBiiiiB.  (G^H?1XG^'7P.— When  triethylphoe- 
phine  is  left  in  contact  for  several  days  at  common  temperatures  with  dichloride  of 
ethylene,  or  with  its  isomer,  monochlorinated  ethylic  chloride,  a  white  ciystaUine  mass  is 
formed,  which  contains  chloride  of  chlorethyl-triethyl-phoephonium,  together  with  a  large 
quantity  of  dichloride  of  ethylene-hexethyl-diphosphonium.  On  mixing  the  aqueous 
solution  with  tetrachloride  of  platinum,  a  rxue  yellow  crystalline  precipitate  is  first 
formed  consisting  of  the  platinum-salt  of  the  diphosphonium ;  but  this  after  a  few 
hours  becomes  covered  with  deep  orange-yellow  crystals  of  the  monophosphonium 
platinum-salt,  eanly  separated  from  the  preceding  by  mechanical  means.  The  chloro' 
fUtUnaU,  2r(Cna«GlXC^*)'PGl].PtCl«,  is  more  soluble  than  the  corresponding  brom- 
ethylated  salt 

Chloride  of  chlorethyl-triethylphosphonium  is  also  produced  by  the  action  of  penta- 
ehknide  of  phosphorus  on  the  chloride  of  oxethyl-triethylphosphonium : 

(C*HH)XC?H»)^C1  +  Pa»    -     (C*H*C1XC*H»)«PC1  +  HCl  +  POCl». 
Osatliyl-trtotliylpliospliOBliiiiif  C*H*PO  -  (C^H*OXC^*)"P.— -The  hydrate^ 
^  ^     g^    vO,  is  obtained  by  digesting  bromide  of  bromethyl-triethyiphospho- 

nium  with  hydrate  of  silver: 

(0*H^((?H»)'PBr  +  3AgH0     «     (C«H»OXC*H»)T?HO  +   2AgBr; 

or  by  decomposing  the  sulphate  of  bromethyl-triethylphosphonium  with  caustic  baiyta. 
When  the  flnrate  obtained  in  either  case  is  evaporatea  over  oil  of  vitriol,  there  remains 
a  very  deliquescent  syrup  from  which  potash  separates  the  base  in  oily  drops.  When 
strongly  heated,  it  is  resolved  into  oxide  of  triethylphosphine^  ethylene-gas,  and 
water: 

(0«HK)XC«H»)»PHO     «»    (C*H»)*PO  +  CH*  +  H«0. 

The  hydrate  dissolves  easily  in  adds,  forming  more  or  less  orystalliBable  salts. 

The  bromide  and  chloride  are  indistinctly  crystalline^  extremely  soluble,  and  easily 
form  double  salts  with  bromide  and  chlonde  of  sine.  The  chloride  is  violently  at- 
tacked by  pentabromide  of  phosphorus,  and  converted  into  chloride  of  bromethyl- 
triethyl-phosphonium : 

(C^»0XC«H»)«PC1  +  PBr»     -     (C«H«BrXC?H»)»PCl  +  POBr*  +  HBr. 

The  chloro^uTote,  (C^K)XC^*)'PCLAuCl*,  forms  gold-yellow  needles  which  dis- 
solve sparingly  in  boiling  water,  and  melt  to  a  yellow  oU  when  the  quantity  of  water  is 
insufficient  to  dissolve  them. 

The  chloroplatinate,  2[(C'H*OX0^*)*PCl^.PtCl\  crystallises  on  evaporating  a 
nlution  of  the  chloride  mixed  with  tetrachlonde  of  platinum,  in  small  oran^-yeUow, 
well-developed  quadratic  octahedrons,  in  which  the  angle  P :  P  in  the  tenninal  edges 
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.  700  7'_-7io  4'  (cale.  70^  32^ ;  and  in  the  lateral  edges  109O  82'— 109O44'  (eale: 
1090  28')  (PhiL  Trans.  1860,  p.  464).    The  salt  is  eanly  soluble  in  hot  water. 

The  iodide,  (CHK)XC^*)'PI,  crystallises  from  a  solution  of  the  hjdrate  saturated 
with  hydiiodic  add,  and  left  to  eyaporate,  in  lon^  needles  which  decompose  at  100°. 

The  perckhrate  forms  laminae  slightlj  solable  m  cold  water. 

Vlayl-trieHijlpl&osptettalaiii,  (C*H'XC'H*)'P.— 1.  The  salts  of  this  base  are 
obtained  by  prolonged  boiling  of  salts  of  bromethyl-triethylphosphoniom  with  silTer- 
salts,  the  acetate  being  the  most  easily  produced : 

(C*H'BrXC»H»)«PBr  +  2AgC»H»0*  =   (C«H»XCH*)^.(?HK)«  +  (?HH)«  +  2AgBr. 

2.  The  hydrate  appears  to  be  produced  under  certain  drcomstances  by  the  action  ai 
heat  on  hydrate  of  oxethyl-triethylphosphonium. — 8.  Bromide  of  bromethyl-triethyl- 
pho.^phoninm  is  decomposed  by  prolonged  heating  probably  into  hydrobromic  acid  aixd 
bromide  of  vinyl-triethylphosphonium. 

Chloroplatinate. — The  solution  (1),  filtered  from  bromide  of  nlTsr,  yields,  on  addi- 
tion of  platinic  chloride  and  sufficient  concentration,  octahedral  crystals  of  the  salt 
2(C*H«XC*H»)»PCl.Pta*.    (Hofmann.) 

lodOBMllijl  -trtatHjrlpliosplioBlaia,  (CH^IVC^H*)?.  — Triet^lphosphine 
unites  diz«etly  with  di-iodide  of  methylene  C*H*I«,  fomung  the  iodide  (CH*IXC'H>)7I, 
whidi  when  treated  with  hydrate  of  silyer  at  ordinary  temperatures  yields  uie  cones- 

ponding  hydrate  (CH»1XC*H»)^|  q     (Hofmann,  Proc.  Roy.  Soc  x.  618.) 


The  ckhride,  (CH«aXC«H»)*PCl, 
obtained  in  kke  manner  by  the  union  of  1  at.  dichloride  of  ethylene  and  1  at  triethyl- 
phosphine^  forms  with  platinic  chloride  a  double  salt  which  ctystsllises  well.  The 
chloride  is  capable  of  taking  up  a  second  atom  of  triethylphosphine,  and  forming  the 
dichloride  of  methylene-hexethyl-diphosphonium,  (GH')''(C>H*)*psCl*, 
which  is  decomposed  by  water,  yielding  chloride  of  metbyl-triethylphosphonium,  oxide 
of  triethylphosphine  and  hydrochloric  acid : 

(CH«y'(<^H»)fPK51«  +  H«0     -     (CH»XC^*)'PC1  +  (C«H»)T»0   +  HCL 
(flofmarn,  Proc.  Roy.  Soc.  xi.  290.) 

BrometlijMrtiiMtliTlVliosplimilimi.  The  bromide,  (G'H«BrXCH*)7Br,  is 
formed  by  digesting  a  solution  of  trimethylphosphine  in  absolute  alcohol  with  a  yenr 
large  excess  of  ethylenic  bromide  at  609 — 60°  for  several  hours,  and  separates  on  cool- 
ing in  well-defined  crystals,  which  by  a  few  reoystallisations  from  absolute  alcohol, 
may  be  obtained  perfectly  free  from  adhering  diphosphonium-salL  The  crystals  are 
trimetzic  prisms  exhibiting  the  faces  oo]Pao ,  oopoo ,  oP,  ooP,  2P2.  Ratio  of  axes 
a  :  6  :  c  «  05681  :  1 :  0*4071  (PhiL  Trans.  1860,  p.  590)1 

The  chloropUUinate,  2(C<H«Br)(CH*)*PCLPtGl«,  crystallises  in  fine  orange-yellow 
needles. 

OseCbylHtriinetlMjrlplimipbonliiiiit  (G^K)XCH>)?.— The  hydrate  produced  by 
the  action  of  silver-hydrate  on  the  bromide  of  bromethyl-trimethylphosphonium  forms 
with  hydrochloric  acid  a  very  soluble  chloride,  which  yields  with  tetrachloride  of 
pbtinum  an  easily  soluble  chloroplatinate,  2(C>H*0XCH*)*PCLRa\  aystaUising  in 
octahedrons.    (H  o  f  m  a  n  n.) 

IL  DiPHosPHOiriuxs. 


BtbytaBe-limratbjl^-dlplimiplioBlmB.  C^^H'^P*  -  (G^«)'(C>H*)«P^.— The 
bromide  of  this  diatomic  base,  (C*H^)'(G'H*)^Br*,  is  produced  by  the  action  of 
bromide  of  ethylene  on  triethylphosphine : 

C*H<Br*     +     2(C«H»)^      -      {CTi*)''(CH»)^P«Br*. 

If  the  substances  are  mixed  in  the  exact  proportions  indicated  by  this  eouation  (1  vol. 
Inomide  of  ethylene  to  3  yol.  triethylphosphine)  the  bromide  of  the  dipnosphonium  is 
obtained  nearly  pure ;  but  if  the  bromide  of  ethylene  is  in  excess  of  this  proportion,  the 
product  will  likewise  contain  the  bromide  of  brometh^l-triethylphosphonium  (p.  618)^ 
As  this  monatomic  bromide  is  difficult  to  remoTe,  it  is  better  to  prepare  the  aiatomic 
bromide  by  saturatinff  the  corresponding  hydrate  with  hydrobromic  acid.  The  dibromide 
IB  also  easily  prepared  by  the  action  of  triethylphosphine  on  the  bromide  of  bromethyl- 
triethylphosphonium,  its  formation  taking  place  in  a  few  minutes  in  an  alcoholic  som- 
tion  heated  to  100^. 

The  dibzomide  forms  white  needles,  pem*anent  in  the  air,  very  soluble  in  water  and 
in  alcohol,  insoluble  in  ether. 
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On  adding  bromine-water  to  the  aqneons  solution,  beavtiM  yellow,  bnt  yeiy 
instable  neeSlee  are  fonoed,  probably  conflieting  of  a  polybromide. 

Bromar^tate,  (C*H«)'(CH*)>P*Si*.AgBr.— When  the  boiUng  concentrated  alco- 
holic solution  of  the  diphoephomnm-bromide  is  mixed  with  as  mnch  silyer-ozide  as  it 
is  capable  of  dissolring,  the  hot  filtrate  deposits  on  cooling,  white  crystals  of  the  brom- 
argentate  which  are  somewhat  difficult  to  recrystallise  from  boihng  alcohol.  The 
doable  salt  is  immediately  resolyed  by  water  into  bromide  of  sihrer  and  the  bromide  of 
the  diphosphoninm. 

The  bromide  decomposed  with  hydrate  of  silver  yields  the  corresponding  hydrate, 
which  when  treated  with  adds  yields  the  several  salts  of  ethylene-nezethyl-^phos- 
phoniom. 

Carhonat s. — Slightly  deliqnesoent,  reddens  litmus. 

Chloride,  (C'H^nC^H^J'I^a*— Produced  by  saturating  the  hydrate  with  hydro- 
chloric acid,  or  by  treating  the  bromide  or  iodide  with  chl<nide  of  silver ;  also  when 
triethylphosphine  is  mixed  with  dichloride  of  ethvlene,  or  heated  for  some  time  to  120^ 
with  chlorinated  ethylic  chloride.  It  forms  a  broadly-huninar,  pearly,  very  deliquescent 
erystalline  mass,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  It  is  precipi- 
taied  unaltered  tsom.  its  aqueous  solution  by  potash. 

Chloroaurate,  ((?H«)''(C«H»)«P*Cl«.2Aua».— Golden-yellow  needles,  sparingly  soluble 
in  cold  water,  easily  in  boiling  alcohol. 

CkloropaUadite, — A  dilute  solution  of  the  diphosphoninm-chloride  is  not  prpcipitated 
by  chloride  of  palladium;  'but  on  adding  alcohol,  a  chocolate-coloured  crystalline  pulp 
is  formed,  consisting  of  amall  interlaced  needles,  the  concentrated  aqueous  solution  of 
which  deposits  reddish-yeUow  prisms  on  slow  cooling,  and  a  yeUowish-red  crystalline 
powder  when  quickly  cooled.     

Ckhramercurats,  2[(C*H«)'*(C*H»}*P«a«].3Hg''a*.— Thin  white  lamins  or  needles, 
slightly  soluble  in  water  and  in  aleonol. 

ChloroplaHnate,  (C*H*)''(C«H»)«P*Cl*.PtCl«.— Tetrachloride  of  platinum  produces  in 
the  most  dilute  solutions  of  the  diphoaphonium-chloride  a  pale  yellow  precipitate, 
which  erystallisea  fiom  boiling  hydrochloric  acid  in  small  well  developed  monoclinic 
prisms,  having  an  orange-yellow  colour  and  vitreous  lustre.  Inclination  of  axes,  6,  <?, 
-  82^'  36'.  Observed  faces  ooPoo ,  [  ooP<x>  ],  oF.  Cleavage  perfect  parallel  to  all 
three.    The  salt  is  nearly  insoluble  in  water,  whether  cold  or  boiling. 

The  cAhroMtannUe  forms  large  prisms,  probably  containing  (C*a«y'(C>H*)<P*CP. 
2an''a«. 

Chr  ornate. — Stellate  groups  of  extremely  soluble  needles,  obtained  by  saturating 
the  hydrate  with  chromic  add. 

Cyanide. — ^This  salt  is  not  obtained  by  saturating  the  hydrate  with  hydrocyanic 
add ;  but  when  the  iodide  is  digested  with  cyanide  of  silver^  a  double  salt  passes  into 
solution,  which  crystallises  in  fine  needles,  but  is  very  easily  deoomposible. 

Fluoride. — ^The  solution  of  the  hydrate  saturated  with  hydrofluoric  add  dries  up 
over  oil  of  vitriol  to  a  colourless  transparent  syrup,  soluble  in  alcohol,  insoluble  in 
ether. — ^The  nUco-fiuoride  is  uncrystailisable. 

Hydrate,  [(CH*XC»H»)^*  |  0«.— Prepared  by  adding  oxide  of  silver  to  an  alco- 
holic solution  of  the  bromide,  or  better  of  the  iodide,  which  is  more  easily  obtained 
pure  (vid,  inf.\  The  silver-oxide  then  dissolves,  and  the  solution  soon  deposits  a 
compound  of  the  bromide  or  iodide  of  the  diphosphonium  with  bromide  or  iodide  of 
silver;  but  on  adding  more  silver-oxide  and  a  little  water,  this  double  salt  is  decom- 
poeed,  and  a  highly  caustic,  nearly  inodorous,  but  very  bitter  liquid  is  obtained,  which 
when  filtered  and  evaporated  in  the  air,  takes  up  carbonic  add  and  leaves  a  crystalline 
mixture  of  hydrate  and  carbonate,  but  dries  up  in  vacuo  over  oil  of  vitriol  to  a  very 
deliquescent,  perfectly  uncrystalline  syrup,  from  which  potash  separates  the  hydrate 
of  ethylene-hexethyl-diphosphonium  in  oily  drops. 

The  solution  of  Uie  hydrate  is  not  altered  by  heating  to  150**,  but  begins  to  decom- 
pose at  160^,  and  is  completely  decomposed  at  250^,  the  ultimate  products  of  the 
distillation  being  triethylphosphine,  oxide  of  triethylphosphine,  e&iylene-gas  and 
water: 

(C«H«nC*H»)«P«H»0«    -    (C«H»)T  +  (C«H»)«PO  +  (?H*  +  H«0. 

As  intermediate  products  are  obtained  the  hydrate  of  tetrethylphosphonium   and 
probably  also  hydrate  of  oxethyl-triethylphosphonium. 

The  solution  of  the  hydrate  reacts  with  metallic  salts  in  the  same  manner  as  hydrate 
of  potassium,  excepting  that  the  predpitate  of  zinc-hydrate  formed  by  it  in  zinc-eolu- 
tione  is  insoluble  in  excess  of  the  precipitant,  and  that  the  predpitates  formed  in  add 
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solutions  of  antinumouB eUoride  and  sUmmnt$  cJUoride  are  donble  salts  cmtallkiiig in 
interlaced  needles.  The  hydzmte  sepantes  ammonia^  anilime,  trietkjfyJkankme  and 
many  other  amipes  and  phosphines  from  their  salts.  It  has  no  action  upon  Mot^kontg, 
bat  diasolves  sulphur,  forming  a  yellow  liquid  which  when  treated  with  adds,  giTes  off 
snlphydric  acid  and  yields  a  precipitate  of  snlphur,  and  precipitates  lead  from  its  salts 
as  sulphide.  It  dissolves  iodine  with  facility ;  and  on  mizine  the  ooknuless  solnfcion 
which  contains  the  iodide  and  iodate  of  the  diphosphonivm,  with  strong  hydxoehlorie 
acid,  it  solidifies,  after  transient  dark  coloration  and  tnrbidity,  to  a  lemon-yellow  crys- 
talline mass  whidi  crystallises  from  alcohol  in  fine  needles^  and  is  probably  a  oomponnd 
of  the  diphosphoninm-iodide  with  chloride  of  iodine. 

Iodate, — ^Very  deliquesoent  syrup  which  solidifies  Teiy  slowly  to  a  czystalline  mass. 

Iodide,  (CH^nCH*)*?*?.— When  the  mothei^liqnors  obtained  in  the  preparation 
of  bromide  of  bromethyl-triethylphosphonium  (p.  618),  are  treated  with  silverKXside, 
and  the  filtrate  in  satovated  with  hydnodie  acid,  a  solution  is  formed  containing  iodide 
of  ethylene-hexethyl-diphosphonium,  and  iodide  of  oxethyl-triethylphospfaoninm,  which 
are  easily  sepsmted  by  crrstallisation,  as  the  latter  is  very  soluole  in  cold  watei  and 
alcohol,  and  remains  whoUy  in  the  nM^er-liqnors  after  the  second  reczystallisation. 

The  diphosphonium-iodide  czystaUises  in  white  tximetrie  needles,  ^ongated  in  the 
direction  of  the  brachydiagonal,  and  consisting  of  combinations  of  the  fSioes  ooP,  f  ao ,  with 
others  which  cannot  be  exactly  determined  on  account  of  curvature.  Ang^e  ooP :  o»P  » 
590  24';  1*00  :  Poo  OTer  the  nrincipal  azii  -  89^  42'.  The  crystals  deaye  perfectly 
parallel  to  ooP  and  I^oo ,  and  haye  a  Titreons  lustre  on  the  &ces  ooP,  nacreous  on  f  qo  . 
The  smaller  crystals  are  transparent,  the  laigar  ones  milky  and  hollow.  The  salt 
melts  without  decomposition  at  231°,  and  decomposes  at  higher  temperatures,  with  for- 
mation of  a  brown  substance  not  further  examined.  Heated  with  caustic  baryta  it 
giyes  ofPtriethylpho^hine.  100  pts.  water  dissolye  458*8  pts.  of  it  at  100°,  and  only 
3*08  pts.  at  12° ;  it  is  but  slightly  soluble  in  alcohol,  and  insoluble  in  ether.  Potasa 
precipitates  it  in  the  erystalline  states  even  from  dilute  solutions.  It  forms  double 
compounds  with  Tarious  metallic  salts. 

lodozineate,  (0*H*)''(C*H*)*P'I'.Zn"I*. — ^Formed  on  mixing  the  aqueous  solutions 
of  the  component  salts,  as  a  crystalline  precipitate  which  separates  fin}m  hot  water  in 
long  needles. 

Nitrate, — ^Laminae  permanent  in  the  air,  yery  soluble  in  water,  less  soluble 
in  alcohol,  and  precipitated  from  alcoholic  solution  by  ether  as  an  oiL  Forms  with 
mercuric  chloride  a  precipitate  which  crystallises  in  needles. 

Oxalate. — Slightly  ciystaUine. 

Perchlorate,  (C«H*)'YC*H»)«P*.C1K)*.— Beautiful  needles  often  an  inch  long;  may 
be  dried  at  100°  without  decomposition,  but  detonates  with  a  higher  temperature. 

Phosphate, — Obtained  by  boiling  the  iodide  with  excess  of  silyer-phosphatOL 
Slightly  crystalline. 

Ptcra^e.— Separates  on  adding  j>icric  add  to  a  moderately  strong  solution  of  the 
hydrate,  as  a  yellow  crystalline  precipitate  which  separates  from  the  boiling  alkaline 
solution  in  long  needles. 

^u/pAa^tf.— Badio-erystalline,  yeiy  deUquesoent. 

Sulphocyanate, — The  aqueous  solution  produced  by  boiling  the  iodide  with 
recently  precipitated  sulphocyanate  of  silver,  dries  up  oyer  the  water-bath  to  a  crrs- 
talliue  mass,  soluble  in  water  and  in  alcohol,  but  precipitated  from  the  alcoholic  solu- 
tion by  ether. 

8 ulp hydrate, — The  solution  of  the  hydrate  saturated  with  sulphydric  add  leayes 
a  gummy  mass  when  evaporated  in  vacuo  over  oil  of  vitrioL  If  evaporated  over  the 
water-bath  with  access  of  air,  it  leaves  the  crystalline  sulphate. 

Tartrate. — Extremely  soluble;  diificult  to  crystallise. 

Appendix  to  the  Compounds  of  Ethylene-hexethyl-d^hosphonium, 

Paradiphosphonium  compounds. — When  the  aqueous  solution  of  hjrdrate  of 
ethylene-diethyl-diphosphonium  is  evaporated  in  a  retort  died  with  hydrogen,  it  beeina 
to  decompose  as  above  mentioned  at  160° ;  and  if  the  dry  distillation  be  interrupted  as 
soon  as  the  heat  has  risen  to  about  190°  the  alkaline  residue  then  remaining  yields 
with  hydrochloric  add  and  a  small  quantity  of  platinic  chloride,  no  longer  the  pale 
yellow  crystalline  predpitate  of  chloroplatinate  of  ethylene-hexethyl-diphosphonium, 
perfectly  insoluble  in  water  and  in  dilute  hydrochloric  add,  but  an  amorphous  dirty 
yeUow  salt,  easily  soluble  in  hydrochloric  acid.  If  the  dingy  precipitate  produced  by 
the  first  drops  of  the  platinum-solution  be  filtered  off,  and  the  filtrate  treated  with  a 
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ftirtlier  quantity  of  the  platinmn-ooliitaon*  the  amorphous  platiamn  double  Bait  is 
obtained  quite  pure  and  of  a  light  yellow  colour.  The  same  double  salt  is  produced 
by  sinular  tzeatment  of  the  hydrate  of  ozethyl*triethylphosphoniuin ;  also  by  adding 
hydrochloric  acid  and  platinic  chloride  to  the  mixture  of  hitherto  unexamined  products 
formed  by  prolonged  heating  of  monobrominated  ethylene  (bromide  of  Tin^l,  C*H'Br) 
with  triethytphorooine  to  160° — 180^.  It  has  the  same  percentage  composition  as  the 
diloroplatinate  of  ethylene-hexethyl-diphosphonium.  If  the  amorphous  pale  yellow 
precipitate  suspended  in  water  be  decomposed  b^  sulph^dric  acid,  and  the  filtrate, 
freed  from  the  excess  of  that  gas,  be  treated  with  sUyerKixide,  the  resulting  solution  of 
paraethylene-hexethyl-diphosphonium  hydrate  yields,  when  saturated  wiSi  hydriodio 
acid  and  evaporated,  a  gummjr  mass  which  slowly  becomes  crystalline,  and  after 
repeated  crystalHsation  is  identical  with  the  iodide  of  ethylene-hexethyl-diphospho- 
nium.  Hence  it  appears  that  the  paradiphosphonium  salts  are  gradually  reconverted 
into  ordinaxy  diphosphonium-salts.    (Hofmann,Phil.  Trans.  1860,  p.  633.) 

Btlijrleiie-^trtotlijMrimetliylp-dlpftiMiplioiiliuii*  The  bromde  of  this  radicle, 
((?H*)"(C«H»)»(CHM"P»Br*,  is  produced,  with  violent  action,  by  treating  the  bromide  of 
biomethyl-trietiiylphosphonium  with  trimethylphosphine.  It  is  more  soluble  than  the 
bromide  of  the  hexethylated  base,  which  it  resembles  in  other  respects.  When  digested 
with  moist  silver-oxide  it  yields  an  extremely  caustic  hydrate,  which  forms  with  hydro- 
chloric add  and  platinic  chloride  a  pale  yellow  sody  ehloroplatinate  containing 
(C«H«)"(C«fl»)^CH»)»I»Cl«Pta\ 

BtUjrlane-liazmelliyMlpliosplioiiiiuii.    The  bromide,  (C*H«)'(CH")^P*Br>,  is 

froduced  by  treating  bromide  of  ethylene  at  100°  with  excess  of  trimethylphosphine. 
t  is  extremely  deliquescent,  but  may  be  obtained  with  some  difficult  in  well-developed 
monodinic  crystals  having  the  axes  a:  b:  e  »  1*05445  :  1 :  1*1255,  the  angle  of  the 
axes  5,  c  »  37°  49',  and  exhibiting  the  faces  oP,  ooP,  [Poo  ].  Angle  ooP :  ooP 
(orthod.)  «  83°  13';  oP :  ooP  -  121°  38';  +Pqo  :  ooP  -  99°  8*. 

The  chloroplaiinate,  (C^«nCH")*P*Cl«.PtCl*,  obtained  in  the  usual  way,  is  a  yellow, 
apparently  amorphous  precipitate  which  crystallises  from  boiling  hydrochloric  add  in 
golden-yellow  laminae. 

The  iodide,  (C*H«nCH')*P*P,  obtained  by  saturating  the  hydrate  with  hydriodic 
add,  forms  beautiAxl  sparingly  soluble  needles. 

IIL   Phosphaxkonivms. 

Btbylaae-trletliylpliiMipliaiiiiiioiiliiiii.    C"H**NP  -   (CH*)*).^ — The  bro- 

H«    }^ 
fnide  of  this  diatomic  base  is  obtained  by  dieting  an  alcoholic  solution  of  bromide  of 
bromethyl-triethylphosphonium  with  ammonia  for  half  an  hour  in  a  sealed  tube  at  100°. 
On  leaving  the  alcohol  to  evaporate,  the  phosphammonium-bromide  remains  slightly 
contaminated  with  bromide  of  ammonium : 

(C«H*Br)(C*H»)^Br     +     NH»      -      ((OT*)''(C«H»)«H"PN.Bi». 

The  pure  salt  is  best  obtained  by  saturating  the  hydrate  with  hydrobromie  add.  It 
crystallises  pretty  well,  but  is  very  deliquescent* 

The  chloride  and  iodide  resemble  the  bromide. — The  percMorate  is  sparingly  soluble 
and  crystalUses  readily.         

ThQcKhroauraU,  (C«H«)''(C^»J"HTNCP.2AuCl',  is  a  golden-yellow  predpitate  con- 
sisting  of  slender  needles,  sparingly  soluble  in  water. 

The  chloroplatinate,  ((OT*)''(C*H»)*H«NPCl«.PtCl*,  is  obtained  as  a  pale  yellow, 
slightly  crystalline  predpitate,  which  dissolves  sparingly  in  boiling  water,  and  crys- 
tallises from  hot  concentrated  hydrochloric  add  in  weD-developed  trimetric  prisms, 
exhibiting  the  faces  oofoo,oo^oo,  ooP,  too.  Angle  ooP :  ooP  «  119°  40';  foo  : 
oot^QO   mm  160°  38*.    Harduess  somewhat  greater  than  that  of  gypsum. 

The  J^drate,  (C'H*nC»H»)«H»OT  |  q,^  obtained  by  treating  the  bromide  with  sil- 
ver-oxide, may  be  concentrated  without  change  at  the  heat  of  the  water-bath,  and 
finally  separated  by  potash  in  oily  drops,  mien  more  strongly  heated  it  gives  off 
aaimonia  and  leaves  hydrate  of  vinyl-tnethylphosphammonium : 

(C«H*)-(C«H»)»H»NP.HK)«     -    (C«H»XC«H»)»PHO  +  NH«  +  H«0. 

Btliyleiie-tetretliylplieapbaiiimoiiliiiii.  (C*H«)"(C^*)«H*NP.--The  bromide 
is  obtained  by  the  combination  of  ethylamine  with  bromide  of  bromethyl-trietbylphos- 
phonium  (p.  608). — The  hydrate  may  be  separated  from  its  solution  in  oily  drops  by 
concentration  over  the  water-bath.    It  yields  salts  by  saturation  with  adds. 

The  torftVi«,(C«H<)"(C«H»VH«NP.P,  forms  white  needles,  easily  soluble  in  water  and 
in  aqueous  alcohol,  sparingly  soluble  in  absolute  alcoh(^  insoluble  in  ether.    Potash 
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precipitates  it  from  iti  tquaons  lolatioxi  without  deoompontion,  ti  an  oil  which 

gradually  solidiflea.     

The  MoroauiraU,  (C*H«)'(C*H*yH*NPCl*  2AqC1*,  ibrma  golden-yellow,  sparingly 
soluble  needlee^-^The  ehhroplatiruUe,  (C>H«)"(C>H*:|«H*NPCl'  PtCl\  oystallijies  in 
orange-yeUow,  triflonal-tabnlar  or  sphenoidal  monodinie  combinations,  ooPoo  .  oP.  ooP . 
[  ooPoo  J,  nsnally  hemimorphoosly  dereloped,  sometimes  on  one,  sometimes  on  the  other 
side  of  the  orthodiagonal.  Angle  ooP  :  oP  *  93^  8* ;  ooP  :  odP  in  the  ozthodiagonal 
principal  section  *  89^  60';  [Poo  ]  :  [Poo  ]  in  the  dinodisgonal  principal  section  « 
90O  29';  oP  :  »P«e  -  86o  62'. 

Bth3rl«ii*i9«ntetli7ln|bM9lwiiMmoBtaBi.  (C^<)''(C*H*)*HNP.— The  bromids 
is  formed  by  the  action  of  diethylamine  on  bromide  of  bromethyl-triethylphoephoninm. 
^The  ehloropUUinaU,  (C*H«)''(C*H*)*HNPCl^PtCl^  crystallises  in  rectangular  plates. 

Bllijten»-tri«tliyl-iiietliylplio»pluuiiiDoaivai.  The  bromide  is  formed  by 
digestingmethylamine  with  bromide  of  brom^hyl-triethylphosphonium. — ThepiaHntoH' 
9(Ut,  (C*H«)"(0»H»)«(CH")H*NPCl».PtCl«,  crystaUises  in  long  needles,  reiy  sparingly 
soluble. 

The  bromide  is  produced 


by  the  union  of  trimethylamine  with  bromide  of  bromethyl-triethylphosphonium. — ^The 
flaiinu$nrealt,  (C»H«XC«H»)»(CH»)«NPCl«J»tCl\  crystallwee  in  beautiful  needles. 

IV.  PHOSPEABSOiriUXS. 

The  only  salts  of  this  group  yet  discovered  are  those  of— 

BtUjrlmM-lMxetlijrlpboaplianoBinin.  The  bromide,  (CH«)''(C*H*)«PAsBr*,  is 
produced  by  digesting  bromide  of  bromethyl-triethylphosphonium  with  triethylarsine 
in  a  sealed  tube.  When  digested  in  the  cold  with  moist  oxide  of  silver,  it  is  converted 
into  the  hydrate,  (C*H«)''(C*H*^'PAa.H'OS  the  solution  of  which  is  z«8olved  by  boiling 
into  hydra^  of  oxethyl-triethylphosphonium  and  triethylarsine : 

(C«H*)'(C*H»]rPAsH«0*      -       (C»H*0)(C«H»)«PHO     +     C*H«)«As. 

The  hydrate  saturated  with  hydiobromic  or  hydriodie  acid  yields  the  bromide  or 
iodide  in  flue  needles. 

The  ehloroploHnate,  (C«H«)"(C«H»)^A8Cl«.Pta*,  is  obtained  by  adding  platinic 
chloride  to  the  aqueous  solution  of  the  phospharsonium-chloride,  as  a  pale  yellow  pre- 
cipitate which  is  nearly  insoluble  in  water,  and  cmtallises  from  boiling  hydrochloric 
acid  in  orange-red  tndinic  prisms,  ooPoo  .  odPoo  .  oP  Jl^^  .  2P^ao  .  P'.  Angle 
ooPoo  :  oo1?oo  -  98f  8';  ooFoo  :  oP  «  910  46*;  F  :  ooPoo  «  116°  66';  2? «  : 
a>Pm  -  146^  86*;  f'oo  :  ooPoo  ^  126°  67'.  Tbe  crystols  cleave  parallel  to  odPoo 
andoP. 

V.  TsiPHOSPHOiriUX-COXPOUKDS. 

When  trieihylphosphine  is  gradually  mixed  with  crystals  of  iodoform  as  long  ss  any 
rise  of  temperature  is  thereby  produced,  a  light  yellow  viscid  mass  is  formed,  uxe  solu- 
tion of  which  in  boiling  alcohol  deposits  crystals  of  iodide  of  formyl-ennethyltri- 
phosphonium,  (C'H)'*(C*H»)*P*P.  This  salt  dissolves  easily  in  water  and  sparingly 
in  alo(mol,  but  is  insoluble  in  ether.  Iodide  of  gijic  added  to  the  aqueous  solution 
throws  down  a  white  double  salt  containing  2(C>HnC*H*)*P'P.3Zn"P.  Tetrachlonde 
of  plaiinim  forms  alight  yellow  precipitate  of  a  platinum-salt,  2(GH:)''(C*H»)*P>C1*. 
8PtCl\  which  crvstallises  from  boiling  alcohol  in  rectangular  laminae.  The  iodide 
treated  with  oxide  qf  silver  does  not  yield  the  corresponmng  hydrate,  but  undergoes 
decomposition,  fonning  hydrate  of  methyl-triethylphosphonium  and  oxide  of  triethyl- 
phosphine : 

{CHy((?R*yW  +  8AgH0     -     3AgI  +   (CH»)(C«H»)«PHO  +   2(C»H»)«P0. 

Triethvlphosphine  treated  with  chloroform  or  with  tetrachloride  of  carbon  yields  the 
chloride  of  formyl-ennethyl-triphosphonium.  (Hofmann,  Proc.  Boy.  Soc  x.  189  ;  xi, 
290.) 

yHOTOOWM  lii'A'mT.    See  Light,  CiisiacAL  Action  of  (iii.  678). 

WMOTOOMM*  A  term  applied  to  the  light  hydrocarbon  oils  obtained  by  distilling 
coal,  shale,  peat,  &c.,  at  low  temperatures,  and  used  for  burning  in  lamps.  (See  Paraf- 
ra,  pp.  844-349.) 

VKOTOCMULFn'.  The  history  of  the  art  of  producing  sun-pictures,  and  a  sketch 
of  the  several  methods,  have  already  been  given  in  the  article  on  the  Chemical  Action 
of  Light  (iii  692).  The  present  article  contains  a  more  detailed  account  of  some  of 
the  processes  now  in  use. 
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A.  Proetsaes  in  tokioh  Stiver-salU  are  u$ed. 
L  Wet  Collodion  Process, 

1.  The  photogniphic  collodion  is  prepared  by  diasoMog  6  gnna.  of  gon-cotton  or 
pyrozjlixi,  carefully  washed  and  neutral  to  teet-paper,  in  a  n^ixture  of  200  cub.  cent, 
of  alcohol  of  40  per  cent.,  and  300^  cub,  cent  ether  of  62  per  cent. ;  and  to  this  solu- 
tion is  added  a  mixture  of  i6  gnna,  of  cadmium-iodide  with  a  little  ammonium-iodida, 
and  1*25  gnn.  cadmium-bromide  with  a  trace  of  amiponium-bronude,  aU  finely  pul- 
yerised. 

2.  To  prepare  the  sensitire  sur&ce,  a  plate  of  glass  free  from  flaws,  thoroughly 
cleansed  by  washing  with  water,  nitric  acid,  alcohol,  ^c,  and  quite  free  from  dust,  is 
covered  with  the  prepared  collodion,  and  plunged  wet  at  one  dw  in  a  solution  of  silver- 
nitrate  containing  8  pts.  of  the  salt  in  100  pts.  of  water.  The  coagulated  collodion 
then  imprisons  within  its  pores  the  iodide  and  bromide  of  silver  resulting  from  the 
chemical  reaction,  and  thus  forms  a  continuous  sensitive  film.  The  plate  is  then 
exposed  to  the  action  of  light  in  the  camera  for  an  interval  varying  from  80  seconds  to 
5  minutes  according  to  the  inteijsity  of  the  light 

3.  Dtvelopeinent  qf  the  Picture, — The  exposure  of  the  plate  in  the  manner  just  men- 
tioned does  not  produce  any  visible  image ;  but  the  iodide  and  bromide  of  silver  in  the 
film  have  undergone  a  certi^n  change,  their  atoms  having  apparently  acquired  a  certain 
degree  of  mobili^,  in  consequence  of  which,  when  submitted  to  the  action  of  reducing, 
agents,  such  as  ferrous  sulphate  or  pyrogallic  acid,  they  suffer  decomposition,  the  silver 
being  reduced  to  the  metallic  state  and  forming  an  opaque  metallic  film  on  those  parts 
of  the  surface  which  have  been  exposed  to  the  light  To  effect  this  reduction,  the  sen- 
sitive plate,  immediately  after  its  reqioval  from  the  cajnern^  is  washed  with  one  of  tha 
two  following  solutions : 

Saturated  solution  of  fenous  sulphate  .        .  100  c.  o. 

Filtered  water 700  „ 

Glacial  acetic  acid 20  „ 

^  Alcohol  of  3e« 20  „ 

Or:  '• 

Water 260 


If 


Acetic  acid 20 

Pyrogallic  add .  .        .        .        ^        .         .      1  gno, 

4.  Strengthening  {Be^forgage),  This  necessary  but  yeir  delicate  operation  consists 
in  washing  the  plate  with  a  solution  of  2  gnns.  nitrate  of  silver,  100  c.  c.  distilled  water 
and  6  c.  c  alcohol, — then  with  one  of  the  developing  solutions  above  mentioned, 
then  again  with  the  strengthening  liquid,  and  so  on,  ti&  the  picture  han  acquired  the 
proper  degree  of  intensity.  Or  instead  of  subjecting  the  plate  to  these  alternate 
wa^ngs,  It  may  be  immersed  in  a  mixture  of  the  devcdoping  and  strengthening  solu- 
tions made  just  before  it  is  wanted  for  use.  The  plate  is  men  cavefully  wash^  with 
pure-water. 

6.  Fixing — To  remove  the  undecomposed  portions  of  iodide  and  bromide  of  silver, 
and  thus  protect  the  picture  from  the  fr^her  action  of  light,  the  plate  is  immersed  either 
in  a  solution  of  cyanide  of  potassium  containing  2  per  cent,  of  the  salt  or  in  a  solution 
of  hyposulphite  of  sodium  containing  25  per  cent,  then  washed  carefully  with  a  huge 
quantitv  of  water. 

The  last  operation  consistfl  in  ifamishing  the  picture,  the  nlate  haying  been  pre-, 
yioualy  heated  so  that  the  vamish  may  spraad  over  it  uniformly. 

The  picture  obtained  by  this  process  is,  as  already  observed  (iii  693),  a  negative 
picture,  the  parts  most  strongly  acted  upon — which  of  course  correspond  wjtb  the 
brightest  parts  of  the  object-^being  the  darkest  To  obtain  p  o  s  i  t  i  v  e  pictures,  a  sheet 
of  white  paper  of  good  quality  is  opvered  on  one  snrfiace  with  a-layer  of  albumin  mixed 
with  a  convenient  quantity  of  sal-ammoniac  It  is  then  rendered  sensitive  by  laying 
it  for  a  while  on  a  solntion  of  nitrate  of  silver  of  the  strength  of  15  per  cent,  taking 
care  to  avoid  the  presence  of  air^bubbles  between  the  paper  and  the  sur&ce  of  the  liquid. 
The  albumin  thus  becoqies  impregrnated  with  chloride  of  silver.  The  paper  thus  pre- 
pared is  placed  when  dry  behind  the  negative  picture,  and  exposed  to  lights  whereby 
the  chloride  of  diver  is  reduced  on  those  parts  which  are  behind  the  transparent  parts 
of  the  negative,  while  those  portions  of  the  suifaoe  which  are  behind  the  opaque  parts 
of  the  negative  remain  unaltered. 

The  silver  thns  reduced  has,  hp'^^^t^f)  f^  unpleasant  red  colour,  and  to  obtain  a 
darker  and  more  agreeable  tint,  the  picture  is  steeped  in  agold-bnth  composed  of 
1000  grms.  distilled  water,  30  grms.  neutral  acetate  of  sodium,  and  1  grm.  trichloride 
of  gold  mixed  with  chloride  of  potassium.    As  soon  as  the  desired  tint  has  been 
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obtained,  an  effect  which  is  rapidly  prodneed  at  the  tenpantnrff  of  269  C,  the  picture 
is  to  be  fixed  bj  immerring  it  in  a  batii  composed  of  600  grma  distilled  water  and 
100  grms.  hyposulphite  of  sodium,  then  washed  seyend  times  during  12  horns  with 
distilled  watev.  These  operations  of  toning  and  fixing  mnst  be  perfonned  in  a  room 
from  which  daylight  is  excluded. 

To  ensure  success  in  the  process  abore  described,  attention  must  be  paid  to  certain 
precautions :  1.  The  silver-bath  used  for  obtaining  the  negative  mnst  be  slightly 
acid.  If  it  is  neutral  or  basic,  the  image  will  be  cloudy  and  deficient  in  strength  in 
the  darker  points ;  if  it  is  too  add,  the  production  of  the  picture  takes  place  slowly.  If 
it  is  either  supersaturated  or  insufficiently  charged  with  iodide  of  silrer,  especially  if  the 
film  of  collodion  is  not  very  thick,  the  nesatiye  obtained  will  be  full  of  holes. — 2.  The 
glass  must  be  free  from  defects  and  thoroughly  freed  from  dust,  otherwise  partial  reduction 
of  the  stlyer  takes  place  before  the  plate  is  exposed  to  the  action  of  the  dereloping  solution. 

The  great  objection  to  photo^phs  on  paper  is  their  alterability.  In  connection 
with  t^  the  following  &ct  is  mteresting.  The  hyposulphite  of  sodium  used  for 
removing  the  excess  of  silver-chloride  forms  sodio-aigentic  hyposulphites,  one  of 
which  being  but  very  slightly  soluble,  remains  in  the  paper  and  gradually  decomposes, 
ultimately  destroying  the  picture ;  whereas  the  other,  which  is  formed  when  the  n  vpo- 
snlphite  of  sodium  is  in  large  excess,  is  yery  soluble,  so  that  when  the  latter  oonditioa 
is  nilfiJled,  the  subsequent  washing  removes  nearly  all  if  not  the  whole  of  the  alterable 
substance  remaining  on  the  paper.  Photographs  fixed  within  the  last  few  years 
with  due  attention  to  this  circumstance  haye  remained  unaltered  up  to  the  present  time. 

The  author  of  this  article  proposed  two  years  ago  to  remove  the  hyposulphites  by 
the  use  of  chlorine- wat^r,  fi«e  ftom  hydrouiloric  acid,  and  added  in  proportion  to  the 
quantity  of  hyposulphite  which  might  remain  in  the  picture :  an  excess  would  giya 
rise  to  the  chlorination  of  the  gold  uid  sQver  in  the  picture.  The  hyposulphite  mig^t 
also  be  converted  into  sulphate  by  means  of  a  solution  of  oxygenated  water,  recently 
prepared  with  peroxide  of  barium  and  eaxbonio  add,  and  freed  from  excess  of  the  latter 
by  means  of  buytapwater. 

JHreet  PotUive*  on  Glau, — ^The  picture  obtained  on  a  sensitive  collodion  plate  bj 
veiy  short  exposure  in  the  camera,  and  very  slight  developament,  may  serve  as  a 
positive  when  placed  upon  a  black  ground.  Under  these  conditions,  the  very  small 
quantity  of  silver  reduced  on  the  lights  of  the  picture  conceals  the  black  ground,  and 
appears  white,  whilst  in  the  parts  conespondiDg  to  the  shadows  of  the  olject  no  silver 
is  reduced,  and  the  black  ground  shows  throush.  The  collodion  for  these  pictures  is 
prepared  with  800  c  c  water,  126  c  c  alcohol,  and  3  grms.  pyroxylin ;  ana  to  this  is 
added  a  mixture  of  176  c.  c.  alcohol,  7  grms.  iodide  of  ammonium,  and  0*7  grm. 
nitiate  of  silver.  The  plate  is  rendered  sensitive  by  immersion  in  a  bath  of  silver- 
nitrate  containing  6  per  cent  of  the  salt  acidulated  with  a  few  drops  of  nitric  add ;  and 
after  a  very  short  exposure  in  the  camera,  the  picture  is  developed  with  a  mixture  of 
100  c  0.  saturated  solution  of  ferrous  sulj^te,  600  grma  water,  20  srins.  acetic  add, 
80  gnns.  alcohol,  and  6  grms.  sulphuric  add,  and  fixed  with  cyanide  of  potassium. 
Lasuy  the  back  of  the  glass  plate  is  covered  with  a  mixture  of  oil  of  turpentine, 
Hecoa  balsam,  and  Lunp-black. 

n.  Vrjf  Coilcdion  Proper. 

This  prooesi^  which  differs  from  the  preceding  only  in  the  mode  of  obtaining  the 
negative,  has  the  advantage  of  enabling  the  operator  to  prepare  beforehand  a  Xaige 
supply  of  seneitiye  plates,  and  thus  to  take  a  considerable  number  of  pictures  on  the 
same  day,  a  convenience  which  is  especially  valuable  in  landscape  photography. 

The  bMt  mode  of  proceeding  is  to  cover  the  collodion  plate— ^ender^l  sensitive  as 
usual  by  immersion  in  a  slightly  add  silver-bath,  then  washed  several  times  in  dis- 
tilled water — ^with  a  solution  of  tannin  fi^eed  from  resinous  matter  and  having  a 
strength  of  8  per  cent  Hie  plates  thus  prepared  axe  as  sensitiye  after  the  lapse  of 
sevenl  months  as  immediately  after  preparation.  The  picture  is  developed  with 
pyrogallie  add. 

O&er  modifications  of  the  dry  collodion  process  arsTamponot's  process  with  albu- 
minised  collodion,  and  those  in  which  the  dry  collodion  film  is  covered  with  sugar,  honey, 
metagelatin,  &c. ;  but  none  of  these  are  equal  to  the  tannin  process  just  mentioned, 
which  is  due  to  Major  Bussell. 

m.  JHumin  Proc€$*  an  Glau. 

This  process,  due  to  Niepce  de  St  Victor,  indudes  the  taking  of  both  negatires 
and  positives  on  albuminised  plates.  A  layer  of  albumin  impregnated  with  iodide  of 
potassium  is  rendered  sensitive  in  a  bath  composed  of  100  grms.  water,  10  grms. 
nitrate  of  silver,  and  10  grms.  acetic  add.    The  picture  iu  developed  with  gallic  add. 
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fixed  with  hyposulphite  of  sodium,  and  bzougfat  to  an  agreeable  tint  by  means  of 
chloride  of  mercniy  oe  chloride  of  gold. 

B.  Pkotoffrapkio  Ptoeesaea  without  8Uver-9dUs, 

1.  "Pkotoaraphy  with  Carbon,  Farrout  salts  or  Uraniumrsalts, — Of  these  three 
methods,  the  first  is  that  which  yields  the  best  results.  It  depends  on  the  action  of 
light  on  the  salts  of  chromic  acid  and  on  gelatin  or  a  similar  substance. 

A  sheet  of  paper  impregnated  with  these  matters  is  placed  behind  a  negative  and 
exposed  to  light,  whereby  the  substances  are  renderealDSoluble  in  the  parts  corres- 
ponding to  the  transparent  portion  of  the  negatiye,  and  tiierefore  to  the  dark  parts 
of  the  original  object  The  parts  thus  altered  are  alone  capable  of  retaining  por- 
phyrised  Uack,  or  coloured  powders,  or  lithographic  ink,  subsequently  applied  to  the 
suriace  of  the  paper. 

The  processes  depending  on  the  use  of  ferrous  and  uranic  salts  present  no  particular 
interest. 

2.  The  processes  d  photolithography,  photosineography,  that  called 
heliography  diseovered  by  Niepce  in  1827,  and  photogalyanography  are 
described  in  the  article  Light  (iii.  604).  The  last-mentioned  process,  depending  upon 
the  property  possessed  by  certain  substances,  chromatised  gelatin  for  example, 
of  lonng,  by  insolation,  the  power  of  swelling  up  in  water,  or  when  exposed  to  the 
action  of  steam,  was  invented  byltflPoitevin,  and  has  lately  been  much  improved 
by  a  very  skilful  operator  of  Parii^  H.  Villenenve^  who  has  advantageously 
modified  the  manipulations,  and  replaced  the  gelatin  by  another  substance,  the  com- 
position  of  which,  however,  he  keeps  secret.  The  impressions  obtained  from  the 
plates  formed  by  his  process  are  extremely  delicate. 

For  further  details,  seePelouseetFrJmy,  IVaiU  de  Ckimie,  Sm  ed.iil  1429*1486. 

A  method  of  measuring  the  relative  sensitiveness  of  different  photographic  papers  is 

described  by  A.  McDougall  in  the  Journal  of  the  Chemical  Sooety,  vol.  xviii.  p,  183. 

A.H. 


C"H"0«.  (F.  Sentini,  Bull  Soc  Chim.  1864,  ii.  21; 
1865,  i.  271.) — A  neutral  substance,  produced,  toffether  with  formic  add,  by  the  action 
of  li^ht  on  santonin.  The  change  takee  place  slowly  under  the  influence  of  difiiised 
dayhghty  more  quickly  on  exposing  santonin,  either  dry  or  in  contact  with  water,  to 
the  action  ot  the  direct  solar  rays ;  but  the  transformation  is  not  complete  even  after 
three  montibs*  exposure.  A  better  mode  of  effecting  it  is  to  expose  an  alcoholic  solution 
of  santonin,  fireea  from  air  by  passing  carbonic  anhydride  through  it  and  then  sealing 
it  in  a  tube,  to  sunshine  for  about  a  month.  The  liquid  then  acquires  a  yellow  colour, 
and  when  it  is  subsequently  mixed  with  about  fifteen  times  its  volume  of  water,  the 
photosantonin  separates  in  oily  drops,  which,  in  the  course  of  a  day  or  two,  cr^'stalliBe 
in  white  lamins :  it  may  be  purified  by  two  or  three  taystallisations  from  alcohol. 
The  last  portions  which  separate  have  a  vellow  eolour,  arising  from  a  resinous  sub- 
stance ;  this  may  be  dissolved  out  by  leaving  the  photosantonin  for  two  days  in  con- 
tact with  cold  potash-ley,  which  also  favours  the  crystallisation  of  the  photosantonin. 

Photosantonin  is  colourless  and  transparent,  destitute  of  odour,  but  has  a  slight  bitter 
taste.  It  crystallises  in  square  plates,  which  have  no  action  on  polarised  light,  a  cha- 
racter by  which  this  substance  is  easily  distinguished  from  santonin.  It  melts  between 
64^  and  65^  beeins  to  give  off  vapour  at  180^,  and  boils  at  S06^,  It  is  insoluble  in 
cold  water,  but  dissolves  in  boiling  uki^  sufficiently  to  impart  a  distinctly  bitter  taste ; 
alcohol  and  ether  dissolve  it  in  large  quantity,  forming  very  bitter  solutions. 

Photosantonin,  exposed  to  the  air  for  nine  or  ten  months  at  100°,  diminishes  slightly 
in  weight,  and  is  partly  converted  into  a  ydlow  resin  soluble  in  potash.  In  contact 
with  strong  nifrie  acta,  it  liquiefies,  forming  drops  which  float  on  the  acid.  Strong 
stUphurie  acid  Colours  u  orange-yellow,  and  then  decomposes  it 

VBTSAabJLinO   AOm.    CfH'NO*  -  (0>H'0')''Vq.    (Marignac,  Ann.  Ch. 

Pharm.  xlii.  219. — ^Laurent,  Bev.  scient  xiii.  601.)---Produced  by  the  action  of 
aqueous  ammonia  on  phthalic  anhydride.  Cnrstallises  in  a  mass  of  fine  fleorible 
needles,  forming  an  acid  solution  with  water.  It  gives  off  water  between  100°  and 
120°,  and  is  converted  into  phthaHmide,  C"H'NO',  which  sublimes  at  a  higher  tempe- 
rature. The  aqueous  solution,  after  boiling  for  some  time,  yields  phthalate  of  ammonium 
on  evaporation. 

Phthalamate  of  silver,  C'H'AgNO*,  is  a  white  precipitate,  composed  of  cirstalline 
scales  if  formed  with  boiling  solutions.  It  is  quite  insoluble  in  water ;  melts  when 
heated,  and  decomposes  without  explosion. 

ss  2 
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Phenyl-phthalamie  acid,  C'«H"NO»     -     (C»H<0«)">q.— Obtained  by  boiling 

S  ) 
phenyl-phthalimide,  0'^H*NO* ,  with  aqueooB  ammonia  containing  little  alcohol.  The 
Hquid,  if  neutralised  with  nitric  acid  'vAiile  atill  hot,  yieldSj  on  cooling,  a  fine,  irregu- 
larly laminated  crystalline  mass  of  phen^l-phthalamic  add.  The  acid  is  very  slightly 
soluble  in  cold  water,  but  dissolves  easily  in  alcohol.  When  fused  with  potash  at  a 
gentle  heat,  it  gives  off  aniline.  When  saturated  with  ammonia,  it  gives  a  white  precipi- 
tate with  nitrate  of  silver.    (Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3]  zxiv.  188.) 

yirrff^lr^P*'  — *-  OH*N0* — A  base  produced,  together  with  naphthylamine, 
by  the  action  of  ferrous  acetate  on  nitronaphthialene.  The  two  bases  may  be  separated 
by  treating  the  crude  product  with  sulphuric  acid,  the  sulphate  of  phthaJamine, 
2C*H*NO>!h^SO«.2HK),  being  more  soluble  than  the  naphthyLunine  salt. 

Phthalamine  is  precipitated  from  the  solution  of  its  sulphate  by  ammonia  in  oily 
drops,  which  are  heavier  than  water  and  taste  like  naphthylamine :  its  salts  do  not 
redden  so  easily  on  exposure  to  the  air  as  those  of  the  latter.  The  base  heated  to  100^ 
with  iodide  of  ethyl,  solidifies  in  a  few  minutes  to  a  laminar  mass  of  iodide  of 
ethvl-phthalamine,  CHXO^*)NO*I(?),  which  when  treated  with  ammonia 
yields  an  oilv  base^  altering  on  exposure  to  the  air,  and  volatilising  at  about  300^. 
(Schiitzenberger  and  Willm,  J.  pr.  Ghem.  Ixxiv.  76.) 

VBTBA&ZO  ACIB.   CVK)*  -  ^^'^^'^'jo*.    Muarie  acid,  NapJUhalie  aeitL 

(Laurent^  Ann.  Ch.  PhyaLr2]  bd.  113;  Marignac,  Ann.  Ch.  Pharm.  xlii.  216 ; 
Bchunck,  ibid.  Ixvi.  197;  Wolff  and  Strecker,  ibid.  Ixxv.  12,  26  ;  Hugo  Miiller, 
Epistolary  eommunioaiion.) — ^An  acid  produced  by  the  action  of  nitric  arid  on  naph- 
thalene^ dichloride  of  naphthalene,  alizarin,  and  puipurin : 

C»H»     +  0"         -      C»H«0*     +     C*H»0«, 

Naph-  Phthallc  Oxalic 

thalene.  acid.  acid. 

CWH«0»     +  HH)  +  0*     -      On*0*    +     OBK)«. 

Allaarin . 

2C»H"0»    +  H«0  +  0*      -    2C^«0«     +     C«H«0«. 

Parpurin. 

It  is  usually  prepared  by  treating  dichloride  of  naphthalene  with  boiling  nitric  add. 
The  dichloride  dissolves  uowly  with  evolution  of  nitrous  vapours,  and  the  solution, 
when  left  to  itself,  deposits  czystals  of  phthalic  add,  which  may  be  purified  by  re- 
crystallisation  from  boiling  water.  The  mother-liquor  contains  oxalic  acid.  Small 
quantities  of  phthalic  add  are  found  in  the  mother-liquors  obtained  in  preparing  the 
nitro-derivatives  of  naphthalene. 

Phthalic  add  may  also  be  prepared  by  digesting  muzjiBtin  (a  body  closely  related 
to  alizarin  and  purpurin,  iii.  1061)  with  moderately  strong  nitric  add.  The  resulting 
solution  evaporated  over  the  water-bath  leaves  a  white  czystalline  mass,  consisting  of 
phthalic  add  contaminated  only  with  a  little  oxalic  add.  The  latter  is  easily  removed 
by  washing  the  mass  with  cold  water  and  pressing  between  bibulous  paper,  or  by  neu- 
tralising the  mixture  of  the  two  adds  with  lime,  and  then  treating  it  with  boiling 
water,  which  dissolves  the  phthalate  of  caldum.  (Stenhouse,  Ann.  Ch,  Phann. 
cxxx.  384.) 

Phthalic  add  crystallises  in  white  nacreous  kminse  arranged  in  rounded  noups.  It 
is  sparingly  soluble  in  cold  ttfoter,  but  dinolves  easily  in  alcohol  and  ether.  By  distilla- 
tion it  is  converted  into  phthalic  anhydride ;  this  process  is  recommended  by  Stenhouse 
for  the  purification  of  the  acid.  When  distilled  with  excess  of  lime  (or  any  canstie 
alkali)  it  is  revived  into  benzene  and  a  carbonate  (Marignac,  Schnnck) : 

C"H«0«     +     2Ca''0         B         C^«     +     2CCa"0«; 

but  by  distillation  with  a  smaller  proportion  of  lime,  it  is  converted  into  carbonate  and 
benzoate  of  calcivn : 

2C«H«0«     +     SCa'O         -        C"ff«Ca"0«     +     2CCa''0>     +     H«0, 
or 

2C^*Ca''0*      +     Ca'TBW     ->         C»<HwCa"0*     +     2CCa''0». 

This  latter  reaction  is  used  by  P.  and  E.  Bepouilly  (BiUL  Soc.  Chim.  1864,  L  163) 
for  the  industrial  preparation  of  benzoic  acid  (to  be  employed  in  the  manufacture  of 
certain  aniline  colours).  The  phthalic  acid  required  for  the  purpose  is  obtained  by 
treating  dichloride  of  naphthalene  with  hydrochloric  add  and  chlorate  of  potassium. 

Phtlialates.  Phthalic  add  is  dibasic^  forming  add  salts,  CH'MO\  and  neutzsl 
salts,  C»H*M«0*. 
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The  aeidammomum^saltf  CH^NH*)0^,  nsoally  crystallises  in  prisms  terminated  hy 
four-  or  eight-sided  pyramids,  freqnently  also  in  hexagonal  plates.  The  crystals  belong 
to  the  trimetric  system.  Observed  combination  oP  .  ?  .  f  oo .  Angle  oP  :  F  ■>  112*' ; 
P  :  P  «  1330  60';  oP:  foo  «.  127**;  too  :  too  »  103°  30'.  Cleavage  easy  parallel 
to  oP.  It  is  veiy  soluble  in  water,  sparingly  soluble  in  alcohol,  and  is  resolved  by 
heat  into  water  and  phthalimide.  Thepotamwn^  and  sodium^salts  crystallise  in  veiy 
soluble  scales. 

The  bariuni'Salt  crystallises  in  slightly  soluble  scales,  which  may  be  obtained  by 
pouring  a  strong  solution  of  the  ammonium-salt  into  chloride  of  barium.  The  ealcium" 
salty  obtained  by  dissolving  calcic  carbonate  in  the  aqueous  add,  resembles  the  barium- 
salt    Its  decomposition  by  heat  has  been  already  described. 

The  lead-9alt,  0*HTb"0^  is  obtained  in  white  scales  on  mixing  the  boiling  solutions 
of  acetate  of  leaid  andphthalate  of  ammonium. 

The  silver-salt,  C"£f'Ag'0^  obtained  in  like  manner  by  precipitation  frombcnling 
solutions,  is  a  white  crystalline  precipitate  which  requires  prolonged  wtohing,  as  it 
obstinately  retains  nitrate  of  ammonium.  It  is  moderately  soluble  in  water.  It  ex- 
plodes when  qui<^y  heated,  but  if  the  heat  be  cautiously  applied,  the  salt  blackens^ 
then  melts  and  decomposes. 

The  gifUhsaU  is  obtained  by  evaporation  as  a  crystalline  powder  neariy  insoluble  in 
cold  water. 

SttbsiitiUion'denvatiws  of  Phthalie  acid. 

Phthalic  add  resists  in  a  remarkable  degree  the  action  of  chlorine,  bromine,  sulphuric 
anhydride  and  nitric  add,  and  it  is  only  with  great  difficulty  that  substitution-com- 
pounds can  be  obtained. 

Bremaphthalte  aeUL  Bromine  heated  with  phthalic  acid  in  a  dosed  tube,  does 
not  seem  to  act  upon  it>  but  if  water  is  present  and  the  temperature  is  raised  to  about 
170°,  bromophthalic  add  is  formed.  This  add  crystallises  readily  in  fDliated  crystals 
which  are  s<Mnble  in  water,  and  sublime  when  heated,  after  fusion,  without  deeomposi- 
tion.     The  silver-^alt  is  a  crystalline  precipitate  somewhat  soluble  in  water. 

Bromophthalie  add  is  remarkably  stable,  and  can  be  boiled  with  water  without 
decomposition.  The  bromine  cannot  be  removed  by  the  action  of  potash  or  of  silver- 
salts,  in  which  respect,  bromophthalic  add  comports  itself  veiy  aifierently  from  the 
analogous  compound  bromosuccinic  add.   (H  u go  M ii  1 1  e r.) 

Clilbroplitlialio  aelds.  Chlorine  in  the  free  state,  or  in  the  form  of  antimonie 
chloride,  has  no  action  on  phthalic  add,  the  only  known  chlorinated  derivatives  of 
this  acid  bdng  those  which  are  obtained  indirectly  by  the  action  of  nitric  add  on  the 
chloronaphthalenes. 

Diehlorophthalie  acid,  CH^Cl'O^  was  once  obtained  (together  with  another 
add,  probably  di-  or  tri-chloronapthalic  add)  in  the  preparation  of  chloroxynaphthalie 
(chloronaphthalic)  add  (p.  14).  On  saturating  the  boiling  alcoholic  solution  with 
potash,  the  potassium-salt  sepu*ated  in  silveiy  laminaB,  having  when  dried  at  100°,  the 
composition  C»H«a«KK)*.    (W  olf f  and  Strecker,  Ann.  Ch.  Pharm.  Ixxv.  16.) 

Triehlorophihalie  aoidf  CH'Cl'Ol — ^When  hexchloronaphthalene  is  boiled  for 
several  days  with  nitric  add  and  the  product  is  mixed  with  water,  a  rednous  mass 
separates  out,  and  the  solution  yields  on  evaporation,  a  cr]f  stalline  magma  of  trichloro- 
pththalic  add,  which  after  repeated  pressure  between  blotting  paper  and  recrystallisa- 
tion  from  boiling  water,  is  obtained  in  crystalline  grains.  It  is  very  soluble  in  water, 
alcohol  and  ether.  When  heated,  it  is  resolved  into  water  and  trichlorophthalic 
anhydride,  OMC1*0*.  The  ammonium-salt  forms  a  white  predpitate  with  salts  of 
silver.    (Laurent.) 

WltropHtbalie  aeld,  C^'NO*  »  C^*(NO')0«.— This  add  is  best  prepared  by 
the  prolonged  action  of  nitric  add  upon  naphthalene.  It'  is  contained  in  the  mother- 
liquors  frt>m  which  the  nitronaphthalenes  (p.  16)  have  been  deposited,  and  may  be 
separated  therefrom  by  evaporatinff  the  liquid  to  a  syrup,  dissolving  the  reddue  in 
water,  filtering,  and  again  evaporating.  The  last  mother-liquors  also  contain  phthalic 
add  (Laurent,  Marignac). — Nitrophthalic  add  is  also  formed,  together  with  other 
products,  when  phthalic  add  is  treated  with  pure  nitric  add,  or  with  a  mixture  of 
nitric  and  sxdphuric  adds.    (Huso  Miiller.) 

Nitrophthalic  add  crystallises  m  vellow  plates,  derived  from  a  monoelinic  prism,  but 
ordinarily  rendered  hexagonal  by  the  truncation  of  the  acute  angles  of  the  rhombus. 
Angle  oP  :  ooP  -  104°;  ooP :  ooP  «  about  126° ;  oP :  ooPoo  =  124°.  Most  of 
the  crystals  are  hemitropic.  The  add  is  moderately  soluble  in  boiling  water,  sparingly 
soluble  in  cold  water,  easily  in  alcohol  and  ether.    When  slightly  heated  in  a  tube  it 
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Yields  a  ■ublimate  of  nitrophthalic  anhydride,  together  with  water;  when  foddenlj 
heated,  it  clears  and  ^ves  off  nitrons  yapoars. 

Nitrophthalic  acid  is  dibasic,  forming  acid  and  neutral  salts. 

The  acid  amnumdum-rndt,  C*H«(NH«XN0*)0*.2HH),  is  deposited  on  pouring  a 
small  quantity  of  nitric  add  into  the  solution  of  the  neutral  salt,  sometimes  in  prisms 
with  pyramidal  summits,  but  more  often  in  hexagonal  and  rhomboidal  platea.  It  does 
not  give  off  any  water  at  120^,  but  when  heated  till  it  bsgins  to  melt,  it  gives  off 
water  and  is  couTerted  into  nitrophthalimide'(p.  6321 

Neutral  amnumium^salt,  OH"(NH«^N0*)0«.— When  an  ammoniacal  solution  of 
nitrophthalic  acid  is  left  to  eyaporate,  it  deposits  chiefly  shining  lamuMS  of  the  acid 
salt ;  but  amone  these  are  sometimes  found  thicker  but  smaller  ofystals  of  the  neutral 
salt,  which  may  be  picked  out  with  a  pair  of  forceps.  This  salt  ciystaUises  in  monodinio 
prisms  usually  baring  their  obtuse  edges  truncated.  Angle  oP  :  «P  *  103^; 
ooP  :  ooP  •  about  127^. 

The  solution  of  the  neutral  ammonhun-salt  forms  with  sdntion  of  barium-chloiideb 
eren  when  yery  dilute  and  boiling,  a  white  oystalline  precipitate;  with  the  chlorides  of 
strontium  and  calcium,  white  precipitates,  not  howeyer  from  dilute  solutions ;  with  mer- 
curous  nitrate,  nitrate  of  silyer  and  nitrate  of  lead,  white  precipitates.  It  does  not 
precipitate  sulphate  of  maamesium,  ferrous  sulphate  or  cupric  sulpnate. 

The  bartum-udi,  0*H'Ba"(NO*)0«,  is  a  light  yellowish-white  ^wder,  anl^diona 
after  drying  at  ISO''.  It  is  quite  insoluble  eyen  in  ekoess  of  boiling  nitrophthalie 
add. 

The  neutral  lead'^alt  has  not  been  obtained.  On  pouring  acetate  of  lead  into  a  solu- 
tion of  the  ammoniom-salt^  a  flocculent  predpitate  is  formed  which  changes  on  boiling 
to  a  yellowish  _powder,  insoluble  in  water,  and  consisting  of  a  banc  dolt, 
C«H«Pb"(NO»)0«J?b"0. 

The  mlversalt,  C'H'Ag*(NO')0«,  is  a  white  precipitate,  insoluble  in  water,  and 
decomposing  quickly,  with  emission  of  lights  when  strongly  heated. 

Dinitrophtkalie  acid,  C'H^NO'J'O^.— When  phthalie  add  istreated  with  puM 
nitric  acid,  or  with  a  mUtnre  of  nitne  and  sulphuric  adds,  a  yariable  quantity  of 
nitrophthalio  add  is  obtained,  whilst  some  of  the  phthalio  add  remains  unaltered,  and 
anotiier  portion  is  converted  into  a  mixture  of  several  new  adds,  one  oi  which  is 
the  dinitrophthalic  add.  This  latter  sftnd,  to^^ether  with  the  other  new  adds,  is  also 
obtained  by  the  prolonged  action  of  nitric  acid  on  naphthalene  and  the  chlorinated 
naphthalene.    (Hugo  Miiller,  Zeitsehr.  Ch.  Pharm.  1863,  p.  267.) 


itdopHOiAlte  Ml««  0*H^NH')O«.— This  substance  is  prepared  by  the  action 
of  sulphydrate  of  ammonium  on  nitrophthalic  add,  or  more  readily  by  the  action  of 
metallLCiron  and  acetic  add  on  the  latter  add.  On  bringing  in  contact  a  concentrated 
solution  of  nitrophthalic  add  with  iron  and  aeetie  add,  reaction  soon  sets  in  with 
elevation  of  temperature.  The  maiss  is  to  be  kept  for  some  time  in  a  warm  places,  and 
after  all  action  has  ceased,  the  brown  powder  formed  is  separated  as  oom^etdy  as 
possible  from  the  metallic  iron,  and  ednpoeed  for  some  time  in  a  moist  state  to  Uie  action 
of  air,  in  order  to  prevent  ferrous  oxide  from  entering  into  solution  on  the  subsequent 
treatment  with  caustic  ammonia.  The  resulting  product  is  exhausted  with  wami 
ammonia,  and  the  filtered  solution  is  evaporated  and  exposed  for  some  time  to  the  heat 
of  the  water-bath.  The  amidophthalic  add  cannot  be  predpitated  trom  its  ammoniacal 
solution  by  the  addition  of  an  add;  it  is  best  to  expel  the  ammonia  by  heat  On 
treating  the  remaining  mass  with  water,  part  dissolves,  which  is  to  be  again  evaporated 
and  exposed  to  heat.  The  insoluble  dirty-yellow  residue  consists  of  impure  amido- 
phthalic add,  which  is  best  dissolved  in  water  or  alcohol,  and  then  treated  with  ^Tiimrf 
charcoal.  On  cooling,  the  amidophthalic  add  oystallises  out  in  the  form  of  lemon- 
yellow  fibrous  crystals  having  a  dlky  lustre. 

Amidophthalic  acid  is  very  little  soluble  in  water  or  aleohci  at  oidinary  tempera- 
tures, but  more  so  at  an  elevated  temperature,  forming  greenish-yellow  solutions  which 
exhibit  a  most  remarkable  green  fluorescence  veiy  much  like  that  of  uranium-salta. 
(See  Amtdotbbephthauc  Acm  under  Txbkfkthauc  Acm.) 

Amidopbtbidic  add  combines  with  adds  and  with  alkalis.  The  hydrochloric  add 
compound  forms  colourless  foliated  ciystals  which  in  contact  with  water  or  moist  air 
become  yellow  by  losing  their  acid.  The  compound  with  sulphuric  add  resembles 
the  former. 

On  boiling  for  some^  time  a  solution  of  amidophthalic  add  with  hfdrochlorie  or  stf/- 
phuric  acid,  a  new  acid  is  formed,  which  is  ccuouriess,  crystallises  well,  posseeses  a 
sweet  taste  and  is  readily  soluble  in  water  and  alcohol.  This  new  acid  appears  to  be 
isomeric  with  the  yellow  amidophthalic  add.  On  treating  nitropht6«Jic  acid  with  sine 
or  tin  and  hydrochloric  acid,  no  yellow  amidophthalic  acid  is  obtained,  apparently 


PHTHALIDINE.  631 

becauae  the  hTdiochlorie  acid  preMateonrerts  it,  as  soon  aa  it  is  formed,  into  the  soluble 
modification  just  mentioned. 

Amidophthalic  acid  showi  a  peculiar  deportment  to  caustic  alkalis.  Caiutic  potash 
dissolTee  the  acid  with  ftcilitj  to  a  pale  yellow  liquid  which  on  evaponition  yields  a 
clystallino  mass  Toy  soluble  m  water.  Addition  of  an  acid  to  this  solution  howerer 
does  not  predpitsite  the  amidophthalic  add,  as  might  be  expected  from  its  degree  of 
Bolubilily,  jNt  it  will  do  so  on  misng  with  sal-ammoniac  ana  erapoiating  to  dryness. 
— Ammmia  dissolves  amidophthalic  acid  with  difficulty;  the  solution  behaves  like  the 
j^oftash-Bolution  bat  deposits  the  add  again  on  evaporation. 

On  passing  a  current  of  nUrotu  acid  into  an  alcoholic  solution  of  amidophthalic  acid, 
nitrogen  is  evolved  and  a  granular  brownish-red  precipitate  is  formed,  whidi  is  the 
analogue  of  Griess's  diazobenso-anddobenide  add  (p.  292). 

AsoplitliaUtt  aeldy  CH*NO*. — On  treating  aloli^tioD  of  nitrophthalic  add  with 
sodium-amalgam,  no  hydrogen  is  piven  ofi^  but  the  solution  gradually  turns  veUow  and 
brown.  The  product  of  this  reaction  is  to  be  saturated  with  acetic  add,  which  separates 
some  resinous  matter.  On  addition  of  hydrochloric  add,  a  yellow  ecystalliue  precipitate 
is  formed,  which  after  pariilcation  fonns  asophthalic  acid.  This  add  is  of  an  orange 
colour,  and  oystalliBes  from  dilute  aqueous  or  alcoholic  solution  in  well  developed  but 
small  crystds  of  a  deep  orange  colour.  It  dissolves  very  slightly  in  cold  water,  more 
so  in  alcohol,  especially  when  warm. 

The  aaophthalates  are  all  coloured  either  yellow  or  oran^ 

The  potaanuni'Malt  crystalhses  well  and  is  very  soluble  in  water. 

The  ammomuimrmU  resembles  the  former ;  it  does  not  lose  ammonia  on  being  kept 
in  a  wann  place  for  some  time. 

The  barnunsalt  is  a  yellow  orystalline  predpitate. 

AiBophthalic  acid  appears  not  to  form  an  ether  on  passing  hydrochloric  add  into  its 
alcoholic  solution. 

This  add  is  the  analogue  of  the  aaobensoie  add  which  Strecker(Ann.  Ch.  Pharm. 
cxxiz.  129)  obtained  hj  the  action  of  sodium-amalgam  on  a  solution  of  nitrubeoxoate 
of  sodium.    (Hugo  Miiller.) 

AxdxjpliChAlle  mckUm  When  an  alcoholic  solution  of  nitrophthalic  add  is  heated 
for  some  time  with  an  alcoholic  solution  of  potash,  the  mixture  turns  brown,  and  if 
treated  in  the  way  just  mentioned  under  aaophthalic  add,  yields  acoinrphthalie  add. 
This  add  resembles  tiie  former,  but  has  more  of  a  lemon-yellow  colour.  It  forms 
small  prismatic  crystals,  and  yields  crystalline  salts  with  most  metals.  (Hugo 
Miiller.) 

MTHAIAC  JUnmsfBB.  C"H«0«.  PhthaUde.  PyrooHzarte  (Kruf.— Obtained 
by  distilling  phthalic  add.  Sublimes  in  fine  elastic  needles,  the  transverse  section  of 
which  is  a  rhombus  of  52^  and  128^.  It  dissolves  slightly  in  cold  water,  more  easily  in 
boiling  water,  reproducing  phthalic  add.  It  is  very  soluble  in  alcohol  and  ether,  melts 
at  106^,  and  crvstallises  in  a  fibrous  mass  on  cooling.  It  dissolves  completely  in 
aqueous  ammonia,  with  considerable  rise  of  temperatuK,  and  the  solution  yields  on 
evaporation  a  mass  of  slender  flexible  needles,  appavently  oonsistaiig  of  phthalamic  add 
or  phthalamate  of  ammonium. 

Triehloropkthalic  anhydride,  CHCl'O',  is  produced  by  distilling  trichloropfathalic 
add.  It  is  colourless  and  crystallises  in  needles  from  fusion.  It  unites  with  ammonia, 
forming  a  salt  which  gives  a  white  precipitate  with  nitrate  of  silver. 

Nitrophthalic  anhydride,  C"H"(NO«)0»,  is  obtained,  by  subliming  nitrophthalic  acid 
at  a  gentle  h«at,  in  long  white  needles  whose  transverse  section  is  a  rhombus  of  52^ 
and  128^'.    It  is  very  httle  soluble  in  water.    (Laurent,  Marignac.) 

nVHA&IO  snOBUL  The  ethyl-,  amyl-  knd  phenyl-ethers,  C•HYC*H•)K)^ 
ftc,  are  heavy  oily  liquids  produced  by  the  action  of  the  corresponding  alcohols  on 
chloride  of  phthalyl  (H.  Miiller).  The  ethylic  ether  is  also  produced  by  boiling  the 
add  or  anhydride  with  alcohol    (Laurent.) 

L    Syn.  with  Phthalic  AirHTDunn. 

mm    C«H*W  -  ^'{n.    (Dusart,Ann.  Ch.Phys.  xlv.836.)— 

A  base  produced  by  the  action  of  snlphydrio  add  on  nitrophthalene  (p.  112^  in  the 
presence  of  alcohol  and  ammonia.  A  mixture  of  an  alcoholic  solution  of  nitrophthalene 
and  stdphide  of  ammonium  is  heated  to  50^  for  several  hours  in  the  watei^bath  ;  the 
greater  part  of  the  alcohol  is  distilled  off;  the  remainder  evaporated  almost  to  dryness 
at  a  gentle  heat ;  the  reddue  extracted  with  dilute  hydrochloric  add ;  and  the  filtrate 
saturated  with  potash.  The  predpitate  is  at  first  white  and  then  redissolves  in  the 
acid  solution  with  a  beautiful  blue  colour ;  on  adding  an  excess  of  potash,  flesh-coloured 
flakes  are  formed,  which  gradually  become  denser  and  dark-coloured.  The  precipitate  is 
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wushed on  a  filter  with  water,  until  the  filtrate  no  longer  exhibits  a^i alkaline  reaction; 
it  then  becomes  oystalline. 

Phthalidine  crystallises  from  its  aqneons  solution  after  the  lapse  of  a  few  days  in 
beantifal  needles.  When  melted  and  cooled,  it  forms  a  crystalline  mass  of  the  colour  of 
realgar.  It  melts  at  about  22^,  and  when  it  solidifies,  the  thermometer  rises  to  34*5^. 
It  smells  like  naphthalene,  and  tastes  unpleasantly  punsent  Its  solutions  do  not 
restore  the  blue  colour  to  red  litmus,  but  its  yapour  (at  what  temperature  ?)  turns  it 
immediately  blue.  Veiy  small  quantities  of  phthAlidine  impart  a  l]«autiful  blue  colour 
to  solutions  of  ferric  salts.  It  is  moderately  soluble  in  cold  waiert  and  dissolves  in  all 
proportions  in  warm  alcohol  and  ether, 

Phthalidine  begins  to  boil  at  255°,  but  the  thermometer  rises  very  rapidly,  while 
decomposition  takes  place,  and  a  carbonaceous  residue  remains  behind.  It  is  converted 
into  a  yellowish-white  mass  by  chlorifU'Water.  It  reduces  nitrate  of  tUver,  the  solu- 
tion depositing  Very  brilliant  ciystals.  l^e  aqueous  solution  produces  a  grey  precipi- 
tate with  7nercutou8  aaltSj  and  a  yellow  precipitate  with  ferrous  salts.  It  blackens  on 
addition  of  chloride  of  gold.  A  soltition  of  htdrochlorate  of  phthalidine  is  rapidly 
decomposed  by  tetrachloride  of  platinuin,  assuming  a  grettn  oolotir,  and  depositing  blue 
fiakes  which  blacken  on  dicing;  a  warm  saturated  solution  of  the  salt  forms  with  tetra- 
chloride of  platinum  beautiful  yellow  cirstals  which  partially  decompose  on  drying. 

The  salts  of  phthalidine  are  soluble  in  water  and  in  alcohol. 

Hydrochlorate,  CSH*N.HC1. — A  warm  alcoholic  solution  of  the  base  saturated  with 
hydrochloric  acid  immediately  becomes  filled  with  Yiolet-blue  cxTstals. 

The  nitrate^  C"H*K.HNO*,  is  formed  in  a  similar  manner. 

SulphaU,  2CH*N.H*S0«.-- Sulphuric  acid  unites  directly  with  phthalidine  and 
forms  a  dark  green  mass,  which  attracts  moisture  from  the  air  and  becomes  blue.  The 
crystallised  stdt  is  obtained  by  double  decomposition,  or  by  mixing  the  alcoholic  solution 
of  the  base  with  sulphuric  acid.  It  dissolves  much  less  readily  in  alcohol  than  the 
other  salts. 

Ethifl-phthalidine,  Ci*H'"N  -  G^C*H*)N,  is  a  liquid  hayins  the  odour  of 
phthalidine,  And  distilling  without  decomposition.  The  hydriodate^  C^^'^N-HI,  forms 
silyezy  fiakes  which  give  off  iodine  at  100^°  and  turn  yellow.  The  hydtoeklorate  is  veiy 
similar.    (Busart) 

»l»BAUteZBB.    C*H»NO«   -  (^^'J^JN.     (Laurent,  Ann.  Ch.  Phyi. 

[2]  bti.  121 ;  [8]  xxiii.  119.)*This  compound,  isomeric  with  isatin,  is  formed  by  heating 
acid  phthalate  qr  phthalamate  of  ammonium: 

C»fl»(KH«)0*      -      CW«NO«     +     2HK). 

Add  phtbaUta. 

C»H«(NH*)NO«      -      C«H*NO»     +     H«0     +     NH». 
PhthaUmate. 

It  is  colourless;  crystallises  from  ether  by  roontaneous  evaporation  in  six-sided pfisms 
derived  frx>m  a  rhombo'idal  prism  with  angles  of  113°.  It  melts  when  heated,  and 
solidifies  in  a  striated  mass  on  cooling ;  at  a  stronger  heat  it  boils  and  sublimes  in  very 
lieht  fiakes.  It  is  inodorous  and  tasteless.  It  is  insoluble  in  cold  watery  and  slightly 
soluble  in  hot  wdter ;  easily  soluble  ib  boiling  alcohol  and  ether.  It  is  not  attacked  by 
chlorine  or  by  wi^ak  or  diluted  acids.  It  dissolves  in  strong  sulphurio  acidwhea  heate^ 
and  if  water  is  added  to  the  solution^  phthalio  add  separates  out  on  cooling.  Boiled 
with  an  alcoholic  solution  of  potashf  it  evolves  ammonia,  and  forms  phthalate  of  potas- 
sium. 

Silver-phthalifnide,  C'H^NAgO'. — ^A  boiling  alcoholic,  solution  of  phthaUmide  doea 
not  precipitate  nitrate  of  silver,  but*  on  addition  of  ammonia  it  deposits  a  pnlvwolent 
precipitate  or  crystalline  spangles,  which  dissolve  in  hot  ammonia  and  aystaUise  out 
unchanged.  The  solution  of  the  silver-salt  in  ammonia  and  a  little  hot  water  deposits 
needles  which  appear  to  consist  of  phthalamate  of  ammonium.  When  heated,  it 
mdts,  swells  up  and  forms  a  black  mass,  which  at  a  higher  temperature  assumes  a 
fine  green  colour,  with  golden  lustre,  like  the  wings  of  cantharides,  phthalimide  sub- 
liming At  the  same  time.      (Gerhardt,  TVaiti,  iii.  488.) 

Fhenyl-phthalimide,  C^^B*^0^    -    ^^^^[^'^'[n.-— On  melting  phthalic  add 

with  aniline,  and  treating  the  cold  pulverised  mass  with  boiling  alcohol,  phenyl* 
phthalimide  retnains  as  a  crjrstalline  poWder,  which  may  be  purified  by  sublimation 
and  reei^stallisation  from  boiling  alcohoL  It  forms  beautiful  colourless  needles,  in- 
soluble in  water,  melts  at  203^,  and  besins  to  sublime  in  needles  before  fusion.  With 
melting  potash  it  yields  aniline  and  phthalate  of  potaedum.  Boiling  aqueous  ammonia 
convetis  it  into  phenyl-phthalamic  acid* 
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Nitrophthalimide,  Cm.*TSH>*    -    f^^f^^'^^'^JN,  is  produced  by  heating 

nitrophthalate  of  ammonimn. 

FBTBJL&TXi,  OBtiO AZBB  O V.  f  C*H«0')''C1*.  (H.  M  u  1 1  e  r,  Zeitschr.  Ch.  Pharm. 
1863,  p.  257.) — Fhthalic  acid  or  anhydride  is  readily  acted  upon  by  pentachloride  of! 
pboephorus,  with  evolution  of  hydrochloric  acid  and  phosphoric  ozychloride.  The 
product  is  a  heavy  oily  liquid  of  peculiar  odour,  resembling  chloride  of  benzoyL  It 
distils  at  about  270^  without  decomposition,  and  does  not  solidify  on  cooling.  It  sinks 
in  water,  but  soon  becomes  converted  into  phthalic  acid.  If  kept  in  imperfectly  closed 
vessels,  it  gradually  deposits  large  crystals  of  phthalic  anhydride.  It  acts  with  energy 
on  the  alcohols,  forming  the  corresponding  ethers  (p.  631). 

Chloride  of  Nitrophthalyl  is  prepared  like  the  preceding,  and  resembles  it  in  it« 
properties^  but  cannot  be  distilled  without  decomposition. ' 

VBTSAVITa.  {Kiudschirfer,)  A  flinty  fissile  variety  of  granular  quarts  having 
a  grey,  black,  or  greenish  colour. 

VBTCZC  JLCZn.  (La  my,  Ann.  Ch.  Phys.  [3],  zxxv.  129.) — An  acid  contained, 
together  with  phycite,  mProtocoeeua  vulgaris.  It  is  extracted  by  alcohol,  and  separates 
therefrom  by  slow  evaporation  in  bu&y  stellate  groups  of  needle-shaped  oystals, 
colourless,  somewhat  unctuous  to  the  touchy  tasteless,  inodorous,  and  permanent  in  the 
air.  Specific  gravity  a  0*896.  It  melts  at  136*^,  solidifying  to  a  silky  crystalline 
mass  on  cooling;  bqg;ins  to  boil  at  160^,  gradually  decomposing  and  eadialing  a  char- 
acteristic odour.  By  distillation  it  yields  oily  products,  insoluble  in  Water,  Teiy  soluble 
in  alcohol.  The  acid  is  insoluble  in  water,  but  dissolves,  especially  when  aided  by 
heat,  in  alcohol^  eiher,  aoetonef  and  oils  both  &t  and  volatile :  1  pt.  of  it  dissolves  in  15 
pte.  of  boiline  absolute  alcohoL     The  alcoholic  solution  is  neutnJ. 

Phycic  acid  gives  by  analysis  69'8 — 70'8  per  cent  carbon,  11*7 — 12*0  hydrogen,  and 
3-7 — 3*8  nitrogen,  besides  oxygen ;  no  formma  has  been  proposed  for  it 

Phycic  acid  dissolves  in  strong  stUphuric  acid,  and  is  reprecipitated  by  water.  Nitric 
acid  attacks  it  slowly,  forming  a  light  very  acrid  oil  and  a  crystallisable  acid.  It  is 
not  attacked  by  dry  chlorine  even  in  sunshiLe.  Iodine  and  phosphorus  act  upon  it  only 
at  hi^h  temperatures.  It  is  decomposed  by  heating  with  potassium^  gelding  hydro- 
cyanic acid,  together  with  other  products.  When  heated  with  soda-lime,  it  gives  off 
ammonia. 

Ammonia  has  no  action  on  phycic  acid.  Potash  and  soda  dissolve  it,  forming  salts 
which  crystallise  in  needles,  are  neutral  to  test-papers,  and  dissolve  in  water  and 
alcohol,  forming  solutions  which  froth  like  soap-water.  Host  of  the  other  salts  of 
phycic  add  are  insoluble.    The  silver-salt  is  white,  and  blackens  on  exposure  to  light. 

VSTCZTS.    OHi*0«.     Syn.  with  Ebtthsomaniotb  (iL  604). 

The  term  phycite  has  lately  been  extended  by  Oarius  (Ann.  Oh.  Pharm.  cxzxiv.  71) 

to  the  series  of  tetratomic  alcohols  ^       -^4  ''  >0^  homologous  with  natural  phycite. 

He  has  obtained,  by  an  artificial  process,  a  3-carbon  alcohol,  having  the  composition 

'   Q4  ^  >  0^  and  prepared  several  of  its  derivatives ;  but  whether  this  alcohol  is  really 

homologous  in  constitution  with  native  phycite,  cannot  be  determined  till  the  4-carbon 
compound  C*H"0*  has  also  been  obtained  by  a  coiTesj>ondiiig  process,  and  its  proper- 
ties and  reactions  compared  with  those  of  natural  phycite  (see  TBrrrL-PHTCiTB). 

FBTCOOTAV  and  VttTCOlUi  I  '1' AKZar.  These  names  are  applied  by 
Kiitzing  to  a  blue  and  red  colouring  matter,  apparently  of  the  same  composition, 
existing  in  several  red  sea-weeds.    (Handw.  d.  Chem.  vi.  495.) 

VBTCOBJBMCAinar.  a  red  colouring  matter,  obtained  b^  Kiitzing  from 
Rytiplaa  tinctoria.  It  is  extracted  from  the  fresh  alga  bv  maceration  in  cold  water, 
and  separates  in  flocks  on  evaporating  the  solution  and  adding  alcohoL  It  is  insoluble 
in  ether  and  in  oils.  The  colour  is  destroyed  by  exposure  to  sun-light,  so  that  old 
specimens  of  the  alga  are  often  destitute  of  colouring  matter.    (Handw.  he,  cU.) 

VHyJAnr  QIMULMCWL  A  mineral  from  Beutsch-Pilsen  in  Hungary,  oontainiug; 
according  to  Plattner,  sulphur,  antimony,  tellurium,  lead,  and  gold. 

VBTIAZTB.  A  mineral  from  Sterling,  Massachusetts,  resembling  ottrelite 
(p.  248),  and  containing  38*40  per  cent,  silica,  23-68  alumina,  17*52  ferric  oxide,  8*96 
magnesia,  6-80  potash,  and  4*80  water,  a  composition  which  may  be  represented  by  the 
formula  (Mg^;K'<)SiO'.(Al«;Fe*)SiO'.H'<0  {Rammelsberg's  Mineraichemis,  p.  865). 

PSTX&OCB&OR*    Syn.  with  CELOBOfBYix. 

VBTXAOOTAVnr  and  MTXAOZAHTBIW.  These  names  are  applied  by 
Fr^my  to  a  blue  and  a  yellow  substance,  of  which  he  supposes  chlorophyll  to  be 
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composed.  He  separatee  them  by  sgitating  chlorophyll  with  a  mixture  of  ether  and 
hydrochloric  add,  the  yellow  substance  then  dissolTing  in  the  elhef ,  and  the  bine  in 
the  hydrochloric  add  (Frimj,  Ck>mpt  rend.  L  406;  Jahresb.  1860, p.  633)^  According 
to  H.  Lndwig^  also  (Arch.  Pharm.  [2]  en.  164;  Jahresb.  1861,  p.  738),  when  chlo- 
rophyll ^ftom  yonng  wheat-leaves)  is  boiled  with  strong  alcohofac  potash,  and  the 
solution  IS  neutralised  with  hydrocfdoric  add,  a  yellow  predpitate  is  formed,  together 
with  a  splendid  blue  liquid,  which  leaves  phyllocyanin,  on  slow  eraporation,  as  a  dark 
blue  mass.  Stokes,  on  the  other  hand,  condudes,  from  the  fluorescent  and  absorbent 
properties  of  chlorophyll,  that  it  does  not  contain  a  blue  substance,  and  that  Fr^my's 
phplocyanin  is  a  product  of  the  deoompodtion  of  chlorophyll  by  adds.  (Chem.  Soc  J. 
zni.  814.) 

VHTAAOaamr.  A  fossil  resin  found,  together  with  tekoretin,  in  the  fossil 
wood  of  Denmark.  It  mdts  at  86^ — to  87^,  dissolves  easily  in  alcohol,  and  i^peacs  to 
have  the  composition  OH**.  (Forehammer,  J.  pr.  Chem.  zx.  459.) 

PHT&Zrf>ZAVTBSZjr.  A  yellow  substance,  produced,  according  to  Wr^mij 
(foe.  dt*),  by  the  action  of  bases  on  chlorophyll,  or  on  phyllocyanin.  JtMjseBuverted 
into  phyllocyanin  by  the  action  of  adds. 


1^  jdkm  mk^arns^  pre-existing  in  diloroph^  The 
ai  iMpsnti^g  at  Am  lbs  Wile  constituent  by  the  action  of  ether  and  hydio- 
tldbrie  aeuTor  alcoholio  potash  and  hvdrocUoric  add,  has  already  been  mentioned. 
It  may  also  be  obtained  liy  adding  hydrate  of  aluminium  to  an  alcoholic  solution  of 
dilorof^yll  diluted  with  a  conddenble  quantity  of  water.  The  whole  of  tlie  colouring 
matter  is  then  predpatated  as  a  yeUowish^green  alumina-lake,  ficom  whidi  the  phyllo- 
xanthin  may  he  extracted  by  sulphide  of  carbon,  leaving  tha  lake  of  a  Bune  oluiah- 
green  colour.    (Fr^my.) 

rarSA&nr.  C>*HK)*.  (Dessaignes  and  Ghautard,  J.  Pharm.  [3]  xzi.  24.) 
The  bitter  prindple  of  the  wmter  cherry  (Physalit  alkeienffi),  a  solanaoeous  plant 
growing  in  the  south  of  Europe,  sometimes  used  as  a  substitute  for  quinine  in  tho 
treatment  of  intermittent  fevers. 

It  is  prepared  by  briskly  agitating  the  aqueous  extract  of  the  leaves  with  chloroform, 
which  depodts  it  after  long  standing;  and  is  purified  by  dissolvinff  it  in  hot  alcohol^ 
with  adcUtion  of  a  littie  charcoal,  predpitating  the  filtered  liquid  with  water,  and 
washing  the  predpitate  with  cold  water  on  a  filter. 

Phymlin  is  a  light  perfectly  amorphous  powder,  having  a  yellowish  colour  and  a 
bitter  taste,  slight  at  first,  but  afterwards  Bt]x>ng  and  persistent.  When  diy,  it  becomes 
strongly  electric  by  friction.  It  is  very  slightly  soluble  in  cold  water  and  in  ether, 
somewhat  more  in  boiling  water,  easily  in  chloroform  and  in  alcohol,  especially  the 
latter.  When  heated,  it  softens  at  about  180^,  and  decomposes  at  a  higher  temperaturp. 
It  is  but  slightly  soluble  in  adds,  moderatdy  soluble  in  ammonia,  but  the  alkali  is  all 
driven  off  on  evaporation.  The  alcoholic  solution  does  not  precipitate  ammoniacal 
nitrate  of  silver,  but  gives  a  white  predpitate  with  acetate  of  lead  and  ammonia. 

FBISAXATB  or  PprophyBoUte.  A  coarse  nearly  opaoue  variety  of  topes,  found 
in  yellowish-white  crystals,  which  intumesce  when  neated :  hence  its  name  (from 
^wrdlKciv,  to  blow).  It  occurs  in  crystals  of  great  size  at  Fossum  in  Norway ;  at  Finbo, 
Sweden,  in  a  granite  quany,  and  at  Braddbo,  in  a  boulder ;  one  crystal  from  the  last 
locality,  at  Stockholm,  weighs  eighty  pounds. 

FBTSBTO&aiO  AOni.  C**H**0'.— A  fotty  add  discovered  by  Hofstadter 
(Ann.  Gh.  Pharm.  xcL  177)  in  sperm  oil ;  isomeric  if  not  identical  ^th  hypogsdc  add, 
obtained  from  the  oil  of  Arachu  hypogaa  (iii.  238). 

To  prepare  it,  the  soap  obtained  by  boiling  the  oil  with  potash-ley  is  dissolved  in 
boiline  lUcohol;  and  the  filtrate,  after  being  freed  from  alcohol  by  distillation,  is 
diluted  with  water,  and  repredpitated  by  ammoniacal  sugar-of-lead.  The  pre- 
cipitate, washed  by  decantation  and  dried  in  the  air,  is  drenched  with  ether,  which 
dissolves  phvsetoleate  of  lead  and  imdecomposed  spermaceti,  leaving  undissolved  the 
lead-salts  of  the  solid  fat^  adds.  The  solution  is  separated ;  part  of  the  ether  is 
distilled  off;  the  reddue  decomposed  by  hydrochloric  add ;  the  ethereal  solution  is 
mixed  with  ammonia  and  chloride  of  buium ;  tibe  predpitate  ia  collected,  washed,  and 
dried  in  a  vacuum;  and  the  ethal  and  spermaceti  are  removed  from  it  by  cold  ether. 
On  repeatedly  boiling  the  undissolved  physetoleate  of  barium  with  alcohol  of  93  per 
cent.,  and  cooling  the  resulting  solutions  separately,  the  portion  taken  up  is  depodted 
as  a  white  powder,  which  must  be  collected  out  of  contact  with  the  air,  washed  with 
alcohol,  and  immediately  dried  in  a  vacuum.  It  may  be  obtained  pure  by  recrystallis- 
in^  it  twice  more  in  tJie  same  way,  and  decomposed  by  boiling  with  aqueous  tartaric 
jKad. 
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Phjsetokic  acid  eryMgJiWmn  in  stellate  gronps  of  eolonrleas  needles ;  it  is  inodorous^ 
melts  at  30^,  and  solidifies  at  28^  ^bypogseic  acid  from  earth-nut  oil  melts  at  84<=>  or  86^). 
In  its  reactions  and  oombinations  it  ezactlj  resembles  hypogme  acid. 

VBTSOmW.  Ci*H>^'.  (Gerding^  N.  Br.  Arch.  Izzzrii.  1.)— A  nentral  snb- 
stanoe  oociuring  in  Parmeliaeeratophylla,  var.  physodes  (also  eaUed  Parmdia  phyaodea). 
To  obtain  it,  the  lichen  air-dried  and  cnt  in  pieces  is  macerated  with  ether  for  seyeral 
days ;  the  ether  is  etaporated ;  and  the  residual  white  powder  is  purified  by  washing 
it  with  alcohol,  and  repeated  czystallisation  from  absolute  aloohoL 

It  forms  a  white  loosely  coherent  mass,  appearing  when  magnified  120  times  to 
consist  of  four-sided  truncated  prisms.  It  melts  at  125^.  Dried  at  IWP,  it  gives  by 
analysis  (mean)  49*75  per  cent  carbon  and  4'83  hydrogen,  the  formula  requiring  50'7O 
carbon,  4-28  hydrogen,  and  45*07  oxygen. 

Physodin  behsTes  to  toater  like  a  resin,  not  being  wetted  thereby.  It  dissolres  in 
oMW  «f  80  per  cent,  but  is  insoluble  in  absolute  alcohol,  in  ether,  and  in  acetic  acid. 
It  is  not  iIMhI  Imp  dilute  adds.  It  dissolves  easily  in  warm  aqueous  ammonia,  form- 
ing a  yellow  solunni^wMah  becomes  reddish  on  exposure  to  the  air.  In  carbonate  of 
ammonia  it  dissolTes  sIigMlytft  ■Bdiiiiiiy  temperatures,  easily  on  boilins ;  in  potash 
instantly  with  yellow  colour.  Acids  pRfjipiMe  horn  these  solutions  liffht  yellow  or 
reddish  fiocks;  the  potash-solution  yields  a  dlngy-TAvfneqntate  wiui  eboride  of 
donwra.  The  alcohoHc  solution  is  not  precipitated  by  cmoriae  df  Imbmib,  iMtwiMi 
with  acUate  of  lead  a  pale  yeUow  precipitate  soluble  in  potash ;  witii  cvpno  muj^hate 
a  pale  green ;  and  with  nitraU  ofmver  a  brown-red  precipitate. 

AoDBNDTTic.  Ceratophyllin{0,'ELeB% e, Ann. Ch. Pharm. cxix. 3651 — ^This substance 
occurs,  together  with  physodin,  in  Parmelia  eeratopkytta,  ynx^phyeoaea.  To  prepare  it, 
about  3  Ibi.  of  the  lichen,  after  being  washed  with  water,  is  stirred  up  with  <uear  lime- 
water  ;  the  alkaline  solution  is  neutralised  with  hydrochloric  acid ;  and  the  resulting 
yellowish-grey  flocculent  precipitate  is  washed  seyeral  times  with  cold  water  to  remove 
the  excess  of  add,  then  collected,  dried  in  the  air,  and  freed  from  unei^stallisable 
matter  by  digestion  with  boihnff  alcohol  of  75  per  cent.  There  then  remains  a  dark 
green,  soft,  eu»tic  mass,  probab^  containing  physodin  and  usnic  add,  to  remove  which, 
uie  mass  is  boiled  with  strong  soda-ley.  A  dark  brown  liquid  is  thus  obtained,  which, 
on  cooling,  depodts  ceratophyUin  unmixed  with  dther  of  the  sabstances  just  mentioned. 
It  may  be  separated  from  the  mother-liquor  by  filtration,  and  purified  by  reciystallisa- 
tion  from  bomng  alcohol  with  the  aid  of  animal  charcoaL  When  the  Udien,  without 
previous  washing  is  stirred  up  with  thin  milk  of  lime,  the  yellowish  filtrate  does  not 
yield  any  precipitate  with  hydrochloric  add.  The  predpitate  formed  as  above  de> 
scribed  is  particularly  abunclant  when  the  lichen  has  been  obtained  from  birch-stemSr 
and  the  maceration  has  not  been  continued  for  more  than  15  hours. 

CeratophyUin  forms  thin  white  prisms^  which  when  placed  up<m  the  tongue,  produce^  at 
firsts  a  slightly  irritating  taste,  soon  beconun|r  rather  strongly  perceptible  in  the  throat ; 
subsequentlv  a  persistent  burning  sensation  is  experienced  on  the  tongue.  It  melts  at 
147^  to  a  colourless  liquid,  and  solidifies  in  the  crystalline  form  between  136^  and  188®. 
It  begins  to  subCme  even  at  the  melting  pointy  and  at  a  somewhat  higher  temperature 
sublimes  very  easily  and  without  alteration,  in  thin  colourless  laminn. 

CeratophyUin  appears  to  be  a  higher  homoloeue  of  orseUinate  of  ethyl,  C**H*H)^ ; 
its  melting  point  is  about  15^  higher  than  that  of  the  latter. 

CeratophyUin  is  much  more  soluble  in  hot  toater  than  in  cold ;  it  dissolves  readily 
in  alcohol,  ether,  potaeh-le^,  aqueous  ammonia,  and  lime»water.  The  alcoholic  solution, 
which  has  a  neutral  reaction,  is  coloured  puiple- violet  by  a  small  (]^uantity  of  ferric 
chloride,  blood-red  by  solution  of  chlcride  ofUme,  the  latter  colour  being  destroyed  by 
excess  of  the  reagent ;  no  predpitate  with  alcoholic  sugar-of-lead  or  nitrate  of  silver. 
From  the  ammoniacal  solution  hydrocMorie  acid  throws  down  the  ceratophyUin  in  thin 
prisms.  CeratophyUin  dissolves  in  dUute  nitrio  acid,  the  solution  acquiring  onl^  a 
sUght  yeUow  tint  when  heated.  Strong  stdvhuric  acid  dissolves  it  without  altetation 
at  ordinary  temperatures,  but  chars  it  when  neated. 

VBTBOBTlOlUJi B.  (J.  Jobst  and  0.  Hesse,  Ann.  Ch.  Pharm.  cxxix.  115; 
Jahresb.  1864,  p.  454.)— An  alkaloid  obtained  from  the  Calabar  bean,  the  seed  of 
Physostigma  venenosum,  a  poisonous  leguminous  plant  growing  in  marshy  dtuadona 
near  Attarpah  and  Old  Calabar  in  Upper  Gumea.  The  poisonous  power  appears  to 
reside  only  in  the  cotyledons.  By  repeatedly  exhausting  the  sheUed  beans  with  hoping 
alcohol  of  80  per  cent..,  and  evaporating  the  extract^  a  ^rellowish  reddue  is  obtained, 
which  dissolves  in  water  with  add  reaction,  and  separation  of  a  smaU  quantity  of  oiL 
Neutral  acetate  of  lead  added  to  this  solution  throws  down  an  add  (not  predpitable  by 
lime-water,  chloride  of  csJdum,  or  nitrate  of  silver),  and  the  filtrate  freed  from  lead  by 
sulphydric  add,  yields  on  evaporation  a  red  residue,  from  which  absolute  alcohol 
extracts  acetate  of  physostigmine,  leaving  gum  undisaolved. 
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Hm  biM  itaelf  is  most  ftmfy  piefrcd  from  the  cxtnet  bj  sstnnttiig  iito  solution  in 
s  smsll  qnsBtitj  of  eold  wmtor  with  csldned  magneni,  erapoimtin^  and  treating  the 
still  moist  TCSHlQe  with  ether,  as  long  as  that  solTent  takes  up  anj  of  the  basei  The 
ethereal  eolation  is  agitated  with  a  few  drops  of  rmrj  dihifte  snlphnrie  add;  the  lower 
daik  red  layer  of  liqnid  is  again  shaken  op  with  magnesia  ;  the  base  thus  separated  is 
dissolTed  cp  br  ether ;  and  the  solntion  is  left  to  erapomte. 

PhTBoetigmine  thns  obtained  is  a  farowmsh-jellow  amorphoos  masi^  sparinglj 
soluble  in  water,  moderatelj  soluble  in  ether,  alcohol,  benaene,  ammonia,  and  sMa. 
From  the  ethereal  solntion  it  is  completelj  precipitated  bj  aoimal  diarcoal.  The 
aqneooif  solntion  has  a  sligbt  boming  taste,  a  distinct  alkaline  reaction,  forms  a  kennes 
coloured  precipitate  with  iodide  of  nydrogen  and  potassium,  and  precipitates  fenie 
hjdrate  £rom  a  solution  of  the  chloride. 

The  solutions  of  phjsostigmine  in  adds  haTs  a  daik  red  or  more  nrtlj  a  daik  blue 
colour ;  they  are  more  or  leas  decolorised  hj  sulphydrie  add,  and  leaye  the  salts  in  the 
form  of  red  amorphous  msssos,  easily  soluble  in  water  and  in  alcohol.  Ther  fonn  amor- 
phous predpitates  with  tannic  arid  and  with  plitHnie,  aurie  and  sigrcariie  Monde:  The 
^old-salt  decomposes  easOy^  with  separation  of  the  metals. 

Physostigmine  is  the  actiTS  prindple  of  the  Calabar  bean.  The  solution  giTen  in 
small  doses  to  a  rabbit  produces  psratyds  in  fiTe  and  death  in  twenty  minutee^  without 
contraction  of  the  pupils.  When  dropt  into  the  eye^  howerer  (eren  an  hour  alter 
death),  it  produces  m  ten  minutes  oonsidemble  contraction  of  the  pupiL  According  to 
Christison,  a  dose  of  0*8  gnn.  of  the  bean  produces  yertigo,  and  strong  paral^^  of  the 
ToluDTary  muades  without  any  painful  symptoms ;  according  to  Hsrley,  a  piece  of  the 
size  of  a  millet-seed  will  kill  a  cat  or  a  rabbit ;  according  to  Bobertson,  the  b^ 
produces  transient  contraction  of  the  ^kinder  Iridia  and  MumLuB  eiliaris,  and 
theiFfore  affords  an  excellent  means  of  oountenieting  dilatation  of  the  pupiL  The 
alcoholic  extract  of  the  beans  is  the  most  oouTenient  for  medical  puiposes. 

FM 1  TOO H  Mil  I  WTKWm  The  Chemistiy  of  Hants.  The  most  comprehensiTe 
treatise  on  this  subject  is  that  of  Bodileder,  published  at  Leipdg  in  1864,  and  siren  in 
a  somewhat  abridged  form  in  the  eighth  Tolume  of  Ghnelin*s  "  Handbueh  der  (^emie," 
containing :  1.  The  proximate  prindples  of  plants  arranged  aoeording  to  orders  and 
genen. — 2.  The  nutrition  of  plantB^  and  the  formation  and  metamorphoses  of  their 
seTeial  constituents.  See  also  the  aitides,  Ash  of  OaoAxnc  BoDm,  MAirrBB,  and 
NuTBrnoK  of  Plahts  in  this  Dictionaiy;  also  the  seTeral  artides  describing  the 
chemical  constitution  of  indiridual  plants. 

9H 1  'IHIMWffiTW  or  PUmt-yeUow,  A  name  proposed  by  W.  Stein  for  rutin,  on 
aooount  of  its  wide  dififusion  in  the  vegetable  kingdom.    (See  Rumr.) 


WXMtnSTMm  An  earthy  resin  ooearring  at  Pianae  near  Neostadt  in  Gamiola,  in 
brownish-black  masses  with  yellowish-brown  streak.  Hardness  »  1*6.  Spedflo 
grayity  »  1*220.  It  mdts  at  315®,  and  bums  with  an  aromatic  odour  and  much 
^moke,  leaving  6'96  per  cent.  ash.  It  dissolves  in  ether  and  in  caustic  potash,  freely 
also  in  absolute  alcohoL  When  heated  in  a  ^ass  tube,  it  yidds  k  yellowish  oily 
distillate  having  an  add  reaction.    (Haidinger,  Pogg.  Ann.  bdi  275.) 


One  of  the  products  of  the  distillation  of  wood-tar.  It  is  an  oil  of 
specific  gnri^  1*10,  unctuous  to  the  touch,  having  a  faint  odour  and  a  buminff  bitter 
taste.  It  boils  at  about  270^,  and  unites  with  alkalis,  forming  crystallisaUe  com- 
pounds.   (Beichenbach.) 

Syn.  vrith  Llwo  Aan>  (ilL  473). 


Pichnrim-beans,  Faba  Piehtirim  minares  (from  Oooiea 
pichury  minora  Martins),  yield  by  distillation  with  water,  a  yellow  oil,  smelling  like 
bay  and  sassafras  oil,  and  having  a  sharp  burning  taste.  By  distillation  with  sulphuric 
acid  (which  prevents  the  beans  from  aggregating  into  a  pasty  mass^  and  increases  the 
yield  of  liquid),  Hull er  (J.  pr.  Chem.  Iviii.  463)  obtained  a  yellowish-gieen  oil, 
having  the  peculiar  odour  of  the  beans,  slightly  soluble  in  aqueous  alcohol,  easily  solu- 
ble in  absolute  alcohol  and  in  ether.  By  repeated  fractional  distillation,  it  may  be  re- 
solved into  a  number  of  oils  of  constant  boiling  point,  viz.  (1).  A  colourless  mobile  oil 
boiling  at  150^,  and  emitting,  when  rubbed  between  the  fingers,  a  veiy  pungent 
odour  like  that  of  the  leaves  of  Tevcrium  Marum, — (2).  A  transparent  colourless  oil 
Ifoiiiog  between  165°  and  170^,  and  smelling  like  oranges  when  its  Vapour  mixes  with 


and  240°,  smelling  like  the  beans,  more  viscid  than  the  preceding;  and  agreeing  nearly 
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in  oompontioii  with  the  empirical  formula  C^*'0'.--{4).  In  laiger  quantity,  an  oil 
boiling  between  260®  and  265*',  and  agreeing  nearly  in  composition  with  the  formula 
C^H'H).  This  oil  has^  a  fiunt  odour  and  deep  blue  colour  permanent  in  the  dark, 
but  dianging  to  greenish-yellow  under  the  influence  of  light  or  of  oxidising  agents, 
appearing  then  to  be  converted  into  that  hist  described. 

Piekurirn'oamphor. ^  According  to  Bonastre,  piehnrim-K>il  is  resolyed  by  cold 
alcohol  into  a  8trong*smelling  ebeoptene  and  a  nearly  inodorous  camphor  or  stearopt«De 
which  separates  in  white  shining  micaceous  laminiPi.  According  to  Miiller,  the  dark 
blue  oil  above  mentioned  deposits  crystals  of  laurio  add,  which  may  be  extracted  in 
larger  quantity  by  means  of  soda.  Sonastre's  camphor  perhaps  consisted  either  of 
this  add  or  of  lauroetearin. 


Syn.  with  Laxtbio  Acm. 
PTO wmtm  IHT JU      Native  magnesia-alum  found  near  Iquique  in  Peru  (see 

Sm^PHATBS). 

VECOXAVa.   C^'N.     Odorine.  (Unverdorben,  Fogg.  Ann.  viii.  259,  480;  xl 


69.— Anderson,  K.  Ed.Fha  J.  xli.  146,  291 ;  Pha  Mag.  J.  [Slzxxiii.  185;  also 
J.pr.  Chem.  45,  166;  £d.Phil.  Trans,  zxi.  Pt.  1,  219;  PhaMag.  J.  [4]  ix.  214;  also 
E<L  Phil.  Trans,  xxi  Pt.  4,  578.— C.  Greville  Williams,  Chem.  Soc.  Qu.  J.  vii.  97; 
Chem.  Gas.  xil  283;  £d.  PhiL  Trans,  xxl  Pt.  2,  813;  Church  and  Owen,  CheoL 
News,  ii.  146. — ^Wertheim,  Ann.  Cb.  Pharm.  Ixx.  62  ;  Chem.  Gas.  vii.  309.) 

In  1826,  Unverdorben,  while  investigating  the  foetid  oil  obtained  in  the  destructive  dis- 
tillation of  bones,  discovered  several  volatile  alkaloids.  Among  these  was  one  distin- 
guished by  its  overpowering  and  persistent  smell ;  to  this  substance  he  gave  the  name 
of  odori'M.  The  experiments  of  Unverdorben  however,  although  conducted  with  re- 
markable skill  and  perseverance,  did  not  in  any  way  establish  the  compodtion  of  the 
bodies  which  he  separated,  and  as  no  salt  was  obtained  by  him  free  from  other  homo- 
logues  of  the  same  series,  we  shall  not,  except  in  spedal  cases,  quote  his  results.  Most 
of  the  facts  observed  by  him  mav  be  found  in  Gmelin's  Handbook,  xi  263  ei  sea.  But 
in  1846,  Dr.  Anderson  succeeded  in  isolating  a  base  from  coal-naphtha,  wnich  he 
showed  to  be  isomeric  with  aniline.  He  also  showed  its  relations  to  Unverdorben's 
odorine,  and  gave  it  the  name  of  picoline.  Subsequently  he  detected  the  same 
alkaloid  in  bone-oil,  accompanied  by  numerous  homologues,  induding  pyridine,  the 
first  member  of  the  series. 

Occurrence  and  Formation, — 1.  In  coal-naphtha  (Anderson). — 2.  In  bone-oil 
(Anderson). — 3.  In  the  tar  produced  by  distilling  the  bituminous  shale  of  Dorsetshire 
(Williams). — 4.  It  is  probably  contained  in  the  basic  li<juid  obtained  by  Stenhouse 
in  his  researches  on  the  products  of  the  destructive  distillation  of  beans,  &c. — 5.  A  base 
possessine  the  same  centesimal  composition  and  boiling  point  is  found  among  the  pro- 
ducts of  Uie  distillation  of  dnchonine  (Williams). — 6.  In  the  distillate  from  peat 
(Church  and  Owen).  The  statement  by  Wertheim  that  picoline  is  yielded  by 
piperine  when  distilled  with  soda-lime  is  erroneous.  The  base  obtained  in  that  mauner 
18  piperidine,  C*H'*N.  The  question  of  the  identity  or  isomerism  of  the  tertiary  mona- 
mines  formed  during  destructive  distillation  is  one  of  the  greatest  difficulty,  and  recent 
researches  have  shown  not  onl^  that  the  chinoline  and  leucoline  series  are  distinct, 
but  also  that  the  pyridine  series,  as  found  in  the  distillate  from  dnchonine,  also 
form  a  distinct  dass.    (See  Lurroim,  iiL  737.) 

Preparation, — ^The  preparation  of  all  volatQe  bases  (except  pyrrol)  ttom  the  oily  pro- 
ducts of  destructive  difltiilation,  is  conducted  in  nearly  the  same  maimer.  The  oils 
are  first  to  be  shaken  up  with  sulphuric  add  diluted  with  about  twice  its  weight  of 
water.  This  treatment  with  add  may  be  repeated  to  ensure  the  entire  removal  of  the 
last  portions  of  the  bases.  On  standing,  the  add  solution  settles  to  the  bottom  of  the 
vessel  and  may  be  removed  by  means  of  a  dphon  or  separator.  A  very  good  apparatus 
for  the  purpose  consists  of  a  carboy  from  which  the  bottom  has  been  removea.  It  is 
to  be  inverted  and  placed  on  any  convenient  support  which  will  allow  of  vessels  being 
placed  beneath.  A  sound  bung  to  which  a  stopcock  has  been  fitted  is  then  to  be 
cemented  to  the  neck  of  the  carboy.  The  mixture  having  been  placed  in  the  separator 
the  add  liquid  is  to  be  drawn  off  below.  The  next  step  is  to  boil  in  an  open  vessel  as 
long  as  pvrrol  is  given  off.  This  may  be  ascertained  by  holding  a  slip  of  fir-wood, 
moistened  with  strong  hydrochloric  add,  in  the  escaping  steam.  When  the  wood  is 
no  longer  reddened  the  boilins  may  be  stopped.  If  it  be  desired  to  save  the  pyrrol  the 
operation  must  be  conducted  m  a  stilL  As  soon  as  the  pyrrol  has  been  expelled,  the 
liquid  is  to  be  strained  through  calico  to  remove  pitchy  and  resinous  matters.  An 
excess  of  caustic  soda  is  then  to  be  added,  and  the  whole  distilled  as  long  as  the  dis- 
tillate contains  bases.  This  may  be  ascertained  bv  seeing  whether  finmes  are  given 
off  on  the  approach  of  a  rod  dipped  in  hydrochlone  add.    If  the  distillate  is  very 


688  PICOLINE. 

iTMk,  it  is  to  be  eoneentnted  by  a  seeond  distillatioii,  befofe  prooeedliif  to  tbe  next 
qpendon.  The  next  step  is  to  add  a  large  ezxseaa  of  solid  potadi  to  the  liqvid,  so  as  to 
render  the  bases  insoluble,  and  eanse  thrai  to  rise  to  the  saikee.  This  operation  most 
be  performed  with  care,  in  order  to  prevent  the  tampentnze  rising  snfSeiently  to  oaaae 
a  loss  of  the  more  Tolatile  oonstitQents. 

The  basic  oil  which  rises  to  the  snrikoe  after  the  addition  of  the  soUd  potash,  is  to  be 
separated  from  the  aqueous  liquid,  and  placed  in  bottles  of  modeiate  sise.  The  mix- 
tnre  of  bases  still  contains  a  large  quantity  of  water,  whieh  must  be  entirely  remoTed 
before  prooeedinx  to  the  next  operation.  To  eflfect  this,  sticks  of  potash  are  to  be 
added  and  the  whole  allowed  to  stand  a  §ew  minutes.  The  water  wul  soon  begin  to 
act  on  the  potash,  and  the  solution  of  hydrate  of  potassium  which  sinks  to  the  £>ttom 
of  the  bottles  is  to  be  removed  as  fast  as  it  is  formed.  The  most  convenient  mode  of 
doing  this  is  by  means  of  a  large  pipette  ftimished  with  a  Tulcanised  india-rubber 
ball  at  its  upper  extremity.  The  ball  is  to  be  pressed  flat  in  the  hand,  and  the  lower 
end  of  the  pipette  beiuff  immersed  in  the  liquid  to  be  removed,  the  pressure  on  the  ball 
is  to  be  lessened;  tbe  Equid  will  then  enter  the  bulb  of  tiie  pipette  and  may,  after  re- 
moval, be  expelled  by  renewing  the  pressure.  After  proceeding  as  above  for  about 
half  an  hour,  it  will  generally  be  found  that  the  separation  of  the  water  will  beein  to 
take  place  very  slowly.  Hore  solid  potash  is  then  to  be  added  and  the  whole  left 
at  rest  for  some  hours;  the  removal  of  the  aqueous  portion  is  then  to  be  repeated. 
It  will  require  a  day  or  two  of  digestion  to  effectually  remove  every  trace  of  moisture. 
It  will  also  be  found  that  the  more  volatile  and  soluble  in  water  the  bases  are,  the 
more  digestion  will  be  required.  It  must  not  be  forgotten  that  if  aniline  and  its 
homologues  are  present,  they  must  be  destroyed  by  TOiUng  with  nitzic  acid  before 
attempting  the  dehydration. 

It  is  a&lutely  essential  to  remove  every  trace  of  moisture  before  proceeding  to 
fractional  distillation.  The  smallest  quantity  of  water  will  give  rise  to  the  greatest 
errors  if  it  be  attempted  to  separate  mixtures  by  takinff  advantage  of  the  differences  in 
the  boiling  points  of  the  substances  present.  The  wh<3e  liquid  will  now  require  to  be 
subjected  to  a  complete  and  sptematic  distillation.  This  process  is  exceedingly  tedious 
and  takes  a  vast  amount  of  tune.  A  mixture  containing  six  or  eight  homolc^us  bases 
will  require  thirteen  or  fourteen  complete  fractionations,  involving  nearly  a  thousand 
distillations,  before  anything  approaching  to  complete  separation  will  be  effected.  For 
full  details  of  the  methods  of  conducting  the  operation,  the  reader  is  referred  to  the 
original  memoirs  quoted  at  the  head  of  this  article. 

The  piooline  wiU  be  found  in  the  fractions  boiling  at  about  136^.  The  fractions  dis- 
tilling in  the  twelfth  or  thirteenth  rectifications  between  180^  and  140^  will  consist  of 
almost  pure  picoline. 

PropertUs, — ^Picoline  is  a  colourless  mobile  liquid  which  does  not  freese  at  0^.  It 
has  an  intensely  poweiftil  and  characteristic  odour,  and  when  inhaled  through  the  nos- 
trils^ produces  a  bitter  taste  in  the  mouth  and  back  of  throat.  It  fiimes  strongly  on  the 
approach  of  a  rod  dipped  in  hydrochloric  acid.  It  blues  litmus  but  does  not  affect  the 
colour  of  a  solution  of  red  cabbage.  It  does  not  yield  any  coloured  reaction  when 
chloride  of  lime  is  added  to  its  aqueous  solution,  but  t-he  mixture  acquires  a  new  and 
peculiar  odour.  It  boihi  steadily  at  about  136^  (Anderson).  Its  specific  gravity  at 
0^  is  0-9613.  The  density  of  its  vapour  was  found  by  experiment  to  be  3*290.  Theory 
requires  3*224.  The  refractive  indices  of  a  specimen  prepared  from  peat  by  Mr. 
Church,  and  leaving  a  specific  gravity  of  0*955,  were  found  by  Gladstone  and  Dale  to 
be  for  A,  1*4888;  B,  1*4980;  H,  1*6314^  the  temperature  at  the  time  being  22-5''. 
(Pha  Trans.  1863,  p.  817.) 

Jkoom^otUions, — 1.  The  aetian  of  chlorine  on  picoline  varies  according  to  the 
manner  in  which  the  experiment  is  -made.  When  a  current  of  the  gas  is  passed 
through  an  aqueous  solution,  absorption  takes  place,  the  liquid  becomes  brown,  and  a 
peculiar  pungent  odour  is  evolved.  From  the  solution  potash  precipitates  a  daric 
brown  resinous  matter.  But  if  excess  of  picoline  be  poured  into  a  bottle  of 
ehlorine^  and  the  liquid  be  distributed  over  the  surfoce  of  the  bottle,  the  greater  portion 
is  converted  into  a  crystallised  mass,  which,  on  treatment  with  water,  leaves  an  amor- 
phous powder  of  dasding  whiteness.  It  is  insoluble  in  water  but  soluble  in  alcohol 
It  consists  of  the  hydrochlorate  of  trichloropicoline,  C^HDl'N'.HCl  (Ander- 
son).— 2.  Bronufu-water  added  to  solution  of  piooline  yields  a  resinous  precipitate, 
insoluble  in  water,  but  soluble  in  alcohol  and  ether.  "Wnen  piooline  is  thrown  into  a 
vessel  filled  with  bromine-vapour,  the  reaction  which  ensues  is  analogous  to  that  with 
chlorine. — Z,Jodin$  in  presence  of  water  yields  hydriodate  of  picoUne  mixed  with  a 
brown  impurity. — 4.  mtric  acid  does  not  readUy  decompose  picoline  even  when  boiled ; 
no  picric  add  is  formed  even  after  prolonged  ebullition.  Nitric  acid  in  the  cold  yields 
nitrate  of  picoline  (Anderson). — 5.  iS^Sttfm  cohobated  for  some  days  with  piooline 
converts  it  into  parapicoline,  a  new  and  remarkable  base  apparently  polymeric  with 
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picoliBe  itself:  Its  fbrmtda  k  (XS'N.C^'N  <-  C>«H*«N*.  It  boili  between  260^  and 
316^,  and  ia  at  the  same  time  partially  decomposed,  with  fotmatioii  of  pynol  and  car- 
bonate of  ammonium.  It  most  be  distilled  in  a  current  of  hydrogen  at  a  tempezatnre 
below  its  boiling  poinU    (Anderson.) 

PxcoLiini-sALTS.— Piooline  unites  with  acids  forming  salti^  most  of  which  are 
exceedingly  soluble,  but  in  g^eneral  crystalliaable  when  careftilly  prepared.  On  mixing 
them  with  strong  acids  considerable  heat  is  evolTcd.  All  picolmeHBalts  are  readily 
decomposed  by  fixed  alkalis,  with  separation  of  the  base.  They  closely  resemble  the 
salts  of  pyridine. 

Hydroehlorate.^'Hjdiocblonc  add  and  picoline  mixed  in  the  proportion  of  one 
equivalent  of  each  and  carefully  evaporated  on  the  water-bath,  yield  prismatic  crystals, 
which  sublime  when  gently  heated.    The  sublimed  salt  is  deliquescent.   (Anderson.) 

CklorocupnUe  of  Fieoline, — ^Large  rhombohedral  crystab  obtained  by  evaporating 
euprio  chloride  with  hydrochlorate  of  picoline. 

Chhromercurate,  C"H^.Hg''Cl'. — Picoline  added  to  a  strong  solution  of  corrosive 
sublimate  yields  a  curdy  preciintate.  From  dilute  solutions  it  mav  be  obtained  in 
needles.  The  salt  must  be  air-dried  as  it  evolves  piooUne  when  heated.  (Anderson.) 

Cklaroaurate, — Delicate  yellow  needles  dissolving  in  20  pts.  of  boiling  water. 
(Unverdorben.) 

Chloroplatinate,  2(C^^.HCl).R**a^— This  salt  varies  in  appearance  with  the  mode 
of  preparation.  A  concentrated  solution  of  tetrachloride  of  platinum  added  to  a 
strong  solution  of  hydrochlorate  of  picoline,  yields  orange-yeUow  needles  requiring 
about  4  pts.  of  boiling  water  fbr  solution.    (Anderson.) 

The  pLitiDum-salt  is  slowly  decomposed  by  boiling  with  water,  and  yields,  after  eight 
0r  ten  days,  an  insoluble  substance  resembHnff  flowers  of  sulphur,  and  having  the 
formula  C"H'*Pt"N*.4HGL  It  is  the  salt  of  a  phtinum-base  analogous  to  platinamine ; 
it  is,  therefore,  the  dihvdrochlorate  of  platinopicoline.  If  the  ebullition  of 
the  original  platinum-salt  with  water  be  arrested  at  a  certain  point,  which  is  only 
ascertainable  by  experiment,  a  double  salt  crystallises  out  containing  1  at.  dihydrochlo- 
rate  of  platinopicoline  united  to  1  at.  chloroplatinate  of  picoline.    (Anderson.) 

Sulphate  of  Pieolin6, — ^A  neutral  sulphate  of  picoline  has  not  yet  been  obtained, 
owing  to  the  tendency  of  the  base  to  escape.  When  an  excess  is  added  to  the  acid,  and 
the  mixture  is  evaporated  on  the  water-bath,  the  base  continues  to  fly  off  until  an  acid 
salt  IB  formed,  which  on  cooling  soldifies  to  a  mass  of  colourless  deliquescent  crystals. 
(Anderson.) 

Oxalate  of  Picoline. — ^When  excess  of  picoline  is  added  to  solution  of  oxalic 
acid,  and  the  mixture  is  evaporated  over  lime,  the  whole  eventually  solidifles  to  a  dense 
crystalline  mass,  ver^  soluble  in  water  and  alcohol.  Heated  to  100^  it  melts  giving 
off  picoline  and  yielding  an  add  salt '  (Anderson.) 

StUutUution-derivativee  of  HooUne, 

Hydriodate  of  Etkyl-oieoline,  C"fl"K.HI  -  C^«(C«H«)N.HL^Picoline  is 
to  be  mixed  with  exoess  of  iodide  of  ethyl,  and  sealed  in  glass  tubes.  On  heating  to 
100^  in  a  water-bath,  combination  begins  to  take  place  almost  immediately,  heat  is 
evolved,  the  liquid  separates  into  two  layers,  and  in  a  few  minutes  the  reaction  is  com- 
pleted. On  cooling,  the  upper  stratum  solidifles  to  a  crystalline  mass,  and  czystals 
also  form  in  the  lower  layer  which  consists  prindpallv  of  the  excess  of  iodide  of  ethyL 
The  solid  and  liquid  portions  are  to  be  thrown  on  a  filter,  and  the  crystals  washed  with 
a  mixture  of  alcohol  and  ether ;  after  draininff,  the  salt  is  to  be  dissolved  in  as  small  a 
quantitv  as  possible  of  a  boiling  mixture  of  aJcohol  and  ether.  As  the  liijuid  cools  the 
new  substance  is  deposited  in  beautiful  silvery  plates.  It  is  very  soluble  m  water  and 
alcohol,  but  less  soluble  in  ether.    (Anderson.) 

Ethyl'pieoline.^When  the  hydriodate  is  dissolved  in  water  and  moist  oside  of 
silver  is  agitated  with  it,  iodide  of  silver  \b  predpitated  and  the  base  remains  in  solu- 
tion. Heat  must  be  afvoided  as  the  base  is  readny  decomposed.  If  the  operation  be 
cantionsly  performed,  a  colourless  sohition  results ;  it  has  a  fiunt  but  peculiar  odour,  and 
is  highly  alkaline.  It  restores  the  blue  of  reddened  litmus,  turns  turmeric  brown,  has 
a  powerfiilly  caustie  taste^  and  feels  soapy  between  the  fingers.  It  reacts  with  metaUic 
salts  generally  like  potash  or  soda.  On  boiling,  the  solution  becomes  red,  and  ethyl- 
amine  is  evolved.    (Anderson.)      

HaHnumsalt  of  jE%^»eoA'fM,  2(CVNiHCl)J^tCl«.^0nuige-red  Ubular  crystals 
of  considerable  sice  and  great  beauty.     ( A  n  d  e  r s  o  n. ) 

Gold-eaU,  0^"N.HCLAuCl'.— Golden-yellow  flaUened  prisms. 
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Ethylene'dipie0lyl'diatnmonium,C^*E}^  -  (C'«H*)''((?H»)*N«  — The dJo- 
ride  or  bzomide  of  Uob  base  is  obtained  bj  tzeating  pifloline  with  chloride  or  bionude 
afethylene;*.^..^^^^^^^     +     C«H*C1«      -      (C5«Hr(C*')'N'Cl«. 

(Chnreh  and  Owen) ;  tee  alfo  David  son  (Chem.  Soe.  Qa.  J.  xiy.  165X 

OatuiUtUion  ofPiooline, 

Piooline  is  a  tertxaij  monamine,  fonned  on  the  type  of  one  atom  of  anunonia. 
But  it  differs  from  the  tertiary  monamines  produced  by  the  action  of  the  iodides 
of  the  alcohol-radides  on  ammonia,  inasmaeh  as,  instead  of  having  the  three  atoms 
of  hydrogen  in  the  type  replaced  by  three  atoms  of  a  radide,  they  appear  to  be  re- 
placed by  one  triatomic  ndide.     It  is  therefore  usual  to  write  its  formula  {CWyV. 

Nothing  Certain  is  known  of  the  nature  of  any  of  the  triatomic  radides  contained  in 
the  tertiary  monamines  produced  by  destructiye  distillation.  C.  G.  W. 


_  ^ A  black  chromiferous  spinel,  occurring  as  an  accessory  constituent 

in  Lheraolite  (iiL  686).  It  has  a  density  of  408,  and  contains,  accordinpr  to  Damour's 
analysis  (Jahresb.  1862,  p.  724),  66-0  per  cent  alumina,  8*8  chromic  oxide,  10*3  msg- 
nesia,  24*0  ferrous  oxide,  and  2*0  siliceous  residue  (i-   101*2). 

VIomAMIC  AOXB.    C*H*N*0*.— An  acid  produced  by  the  action  of  reducing 
agents  on  picric  add  (see  NiTBOPHBicAiao  Acids,  p.  406). 

ytOSAMMOVnrx.    C«H'*N*  -  ^^'^^(^'*    Lautemann,Ann.Cb.Pharm. 

czxT.  1.) — A  Tri-ammonium,  the  iodide  of  which  is  produced  by  the  action  of  iodine 
and  phosphorus  on  aqueous  picric  add,  that  is,  of  hydriodic  acid  on  picric  add: 

C^«(N0»)»0  +  23HI     -     C^wN«I«  +   7H«0  +    lOP. 

A  saturated  solution  of  picric  add,  treated  with  iodine  and  phosphorus  (best  with  100 
pts.  iodine  to  about  20  pts.  phosphorus!  becomes  heated  to  the  boiling  point,  and  on 
subsequently  distilling  off  the  excess  or  hydriodic  odd  in  an  atmosphere  of  carbonic 
anhydride,  the  remaimng  liquid  solidifies,  at  a  certain  degree  of  concentration,  to  a  mass 
of  long  yellowish  needlM  of  the  tri-iodide,  which  may  be  obtained  nearly  colourless  by 
washing  with  alcohol  containing  ether,  solution  in  absolute  alcohol,  and  eyaporation  in 
a  yacuum  oyer  oil  of  yitrioL 

Iodide  of  picrammonium  is  deliquescent  and  becomes  resinous  on  exposure  to  light ; 
crystallises  from  aqueous  hydriodic  add,  but  not  from  water ;  from  the  alcoholic  so- 
lution it  is  predpitated  in  the  reunous  state  by  ether.  The  aqueous  solution  reduces 
platinie  chloride;  forms  a  steel-blue  precipitate  with  a  strong  solution  a£  ferric  chloride; 
and  imparts  to  a  dilute  solution  a  deep  blue  colour,  which  changes  to  violet  after  a 
while,  and  then  disappears,  a  flocculent  precipitate  separating  at  the  same  time. 
nitrate  of  rilver  added  to  the  solution  of  the  iodide  tb?ows  down  silver^iodide  and 
metallic  silver,  the  supernatant  liquid  turning  blue.  The  iodide  evaporated  With  nitric 
acidf  gives  off  a  small  quantity  of  gas,  and  yidds  brown  crystals  forming  a  blue  solution 
in  water.  With  potash-leu  it  gives  off  ammonia,  and  depodts  brown  flocks.  The 
dilute  solution  of  the  iodide,  mixed  with  a  little  ammonia^  becomes  blue;  the  concen- 
trated solution  acquires  a  transient  dark-green  colour. 

Picramine,  or  hydrate  of  picrammonium,  cannot  be  isolated  on  account  of  its  ready 
oxidabilitjr. 

(*)•)•    ) 
Acid  Svlphaie  of  PicrarnmofUim,  {(y^^^^''rS{BO*y    -    (Cff^liPrVO*,   is  ob- 

H        ) 
tained  by  mixing  the  solution  of  the  iodide  in  absolute  alcohol  with  dilute  sulphuric 
add,  in  greyish-white  flocks,  which  arstallise  with  partial  decomposition  from  water. 
The  sulfuric  add  is  completely  precipitated  from  this  salt  by  chloride  of  barium. 

aidphato4odideofjHcrammoMu7n,{(yn'^^y\^^  .  /c^^'i)-»|^!2H«0, 

is  obtained  in  light,  amber^yellow,  octahedral  oi^stals,  when  the  aqueous  solution  of 
the  iodide,  mixed  with  dilute  sulphuric  add,  is  left  to  evaporate.  It  is  easily  soluble 
in  water,  nearly  insoluble  in  akx>hol  and  ether,  and  difBcult  to  crystallise  from  water. 

Acid    Phosphato-iodide     of    Picrammonium,     (^^^T(P^r  Uh»0        «= 

(C«H>«N«)'">  J  .2H«0,  separates  in  the  crystalline  stote  on  mixing  the  aqueous  iodide 
with  orthophosphoric  add.    It  dissolves  easily  in  water,  with  difficulty  in  alcohol  and 
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elh^r.  Phosphoric  acid  added  to  the  alcoholic  solution  thxows  down  an  insoluble  salt 
free  from  iodine,  the  solution  of  which  in  hydrochloric  acid  deposits  needles  haying  a 
satiny  lustie. 

VIOBAmrZta  The  name  applied  by  Beiselius  to  stilbene  or  hydride  of  stilbyl 
(see  STiLBsm). 

VtCBAWA&CZMtB.  A  mineral  occurring  in  geodes  in  the  gabbro  of  Tuscany ; 
also  in  the  steatitic  paste  of  a  metalliferous  dyke.  It  forms  trapesohedrons  and  cubo- 
trapeeohedrons,  witn  distinct  cubic  cleavage.  Hardness  «  6»  Specific  gravity  ■> 
2*267.  Colour,  flesh-red  to  colophomte-re£  Lustre,  vitreous.  Coutains,  acooiding 
to  Bechi  (SiU.  Am.  J.  [2]  xiv.  62),  69*11  per  cent  silica,  2208  alumina,  1012  maff- 
nesia^  0  45  soda,  002  potash,  and  7*67  water  (»  99'46X  agreeing  with  the  formula 

^'Q,|4SiO*.H*0,  which  is  that  of  analdme  (i  210)  having  the  greater  part  of  the 

sodium  replaced  by  magnesium.  The  mineral  has  most  probably  been  formed  from 
analcime  by  the  action  of  water  containing  magnesia.    (Dana,  ii.  318.) 

9TCMAMJatC  ACSO.  The  name  applied  by  Cahours  to  picric  acid  obtained  by 
the  action  of  potash  on  trioitranisol,  which  he  supposed  to  be  an  isomeric  modification ; 
but  it  has  since  been  shown  to  be  identical  with  picric  add  obtained  from  other 
sources  (p.  402). 

PZCKZO  ACZB.  G*H*(NO*)'0.— Already  described  as  trinitrophenie  add  (pp. 
400-406). 

VZCSZtf.  A  bitter  substance,  of  doubtful  constitution,  obtained  by  Badig  from 
fox-glove  {Digitalis  purpurea).  It  is  described  as  a  yellow-brown,  sometimes  crystalline 
substance,  soluble  m  water,  alcohol,  and  ether,  and  precipitated  from  the  aqueous 
solution  by  mercuric  chloride,  fenocyanide  of  potassium,  and  acetate  of  lead,  not  by 
carbonate  of  potassium,  or  sulphate  of  copper  (jSandw.  d.  Chem.  vi.  603). 

PZOSOCTAWZO  ACZB.     Syn.  with  Isopubfusio  Acid  (iiL  433). 

VZCSOBSYTBWnr.  C*^**0'. — A  body  produced,  together  with  orsellinic  ether, 
by  the  action  of  boiling  water  on  erythrin,  in  connection  with  which  it  has  been  already 
described  (ii.  503). 

fi'Picroerythrin,  C"H*0*. — Lamparter  (Ann.  Ch.Pharm.  cxxxiv.  243),  by  treating 
South  American  varieties  of  RocceUa  fuciformis  with  milk  of  lime,  as  in  Stenhouse's 
process  for  the  preparation  of  erythrin,  has  obtained  a  body  which  he  calls  fi-erythrin, 
haTiDg  the  composition  C*'H"0** ;  differing  from  that  of  erythrin  by  CH»  (whence  it 
might  be  called  meihyl-erythrin),  resembling  erythrin  in  most  respects,  but  melting  at 
116° — 116®,  with  violent  evolution  of  carbonic  anhydride,  whereas  erythrin  melts,  ac- 
cording to  Hesse,  at  137°,  and  does  not  give  off  carbonic  anhydride  till  heated  above 
200^ 

jS-erythrin,  boiled  with  watery  yields  orsellinic  add  and/S-picroer^rthrin.  The  reaction, 
and  that  by  which  ordinary  picroeiythrin  is  produced  from  erythnn,  are  represented  by 
the  equations : 

C»H«0"     +     H«0        -        CH'O*     +     C»«H»«0». 
Erythrin.  Orsellinic  add.       Pleroerythrln. 

C«H«40»»  «        0»HK)*     +     C»*H»H>«. 

^-erythrin.  OrieUiufe  acid.     /S-picroerytbrln. 

/5-erythrin,  boiled  with  strong  aloohol,  is  resolved  into  orsellinic  ether  and  3-picro» 
erythrin : 

C«'H"0»*     +     C«H«0        -        C«H'(C«H»)0«     +     C"H'«0«     +     H»0. 

iS-erytbrln.  Alcohol.  Onallinic  ^-plcrp- 

ether.  erythrin. 

On  distilling  off  the  alcohol,  a  syrupy  residue  is  left  which  solidifies  on  cooling. 
The  solution  of  this  mass  in  boiling  water  yields  on  cooling  silvery  laminn  of  orsellinic 
ether,  and  the  mother-liquor  evaporated  to  a  syrup,  deposits  /3-piczoerythrin  in  stellate 
groups  of  needles. 

Beta-picroerythrin  has  a  slight  acid  reaction,  and  gives  a  red  colour  with  chloride  of 
lime,  it  is  very  soluble  in  water  and  in  alcohol,  sparingly  in  ether.  It  dissolves  also 
in  ammonia,  and  the  solution  forms  with  basic  acetate  of  lead  a  white  predpitate, 
and  with  nitrate  of  silver  a  reddish  precipitate,  which  deposits  metallic  silver  when 
warmed.    When  boiled  with  baryta-water,  it  yields  carbonate  of  barium  and  /3-orcin. 

pXCnROS^VITB.  A  mineral  consisting  of  a  silicate  combined  with  fluor  spar 
and  water,  occurring  at  Lupikko,  near  Pitkaranta,  in  Finland.  It  is  white,  with  a  tinge 
of  green  or  blue,  single-refracting,  with  an  unctuous  to  dull  lustre :  hardness  »  2  to  3 ; 
specific  gravity   »   2*74.    It  melts  before  the  blowpipe  with  intumescence  and  flpirting* 

Vol.  IV,  T  T 


642  PICROSMINE. 

dinolTW  eomplotelj  in  adds,  and  mn  oC  with  solpliiirie  Mad,  m  Uige  qnantitj  o( 
flttoridaofoUooii.    Analjaes,  a  by  A.  and  J.  QslindcH  6  by  Aippe^  gaTo 

810*  F         Ca"0     Mc"0     Fe"0   Mo''0   H*0 

«.    20*90    11-16    22-72    28*79    1*54    0*78    8*97         -        94*86 
b,    82*16      .    .      19-86    2519     860    •     -    9*08 

Thdfle  analyses  lead  to  the  formnU  (4M''0.8SiO*).2Ga"F".3H*0.    (Azppe^  Jahzcab. 

1862,  p.  752.) 

WiamifH^mJWOmm  lhileQmaHn,-^A  sabstanee  contained,  together  with  aolaBiiie 
and  other  matters,  in  bittersweet  or  8UpUe»  Jhtlcamarm,  the  stems  of  Solamum 
Dulcamara,  It  is  obtain^  free  from  soUunne  bjr  exhausting  the  aqneons  extraot  d 
the  stems  with  aloohc^  dutilling  off  the  alcohol,  dissolving  the  residue  in  water,  pre- 
cipitating the  solution  with  basic  acetate  of  lead,  decomposing  the  lead-predpitiite  with 
sulphydnc  acid,  and  evaporating  the  filtrate  to  diyness.  On  treating  tne  reeidoe  with 
acetic  ether,  and  leaving  the  ether  to  ev^Kwato,  pierog^ydon  is  obtained  in  small  stel- 
late crystals^  which  may  be  freed  from  mother-liquor  by  pressure  between  paper. 

Picrogi^cion  has  a  sweet  and  bitter  tastes  melts  very  easily,  and  is  decomposed,  with 
caibonisation,  at  a  higher  temperature.  It  is  vexy  soluble  in.  water,  alcohol,  and  acetic 
ether;  insoluble  in  common  ether.  It  is  not  precipitated  from  its  solutions  either  by 
metallic  salts  or  by  tincture  of  galls. 

Tiff  IMMirW  WfP f ?f ■  A  substance  contained,  aocordinff  to  Alms  (Ann.  Ch. 
Fharm.  i.  61)  in  Variolaria  amara.  It  is  extracted  by  alcohol,  erystallised  by  evapo- 
rating the  solution  to  a  syrup,  and  purified  by  washing  with  a  weak  solution  of  potassic 
carbonate,  and  reoystalhsing  from  alcohol. 

It  forms  truncated  rhombic  octahedrons,  colourless,  permanent  in  the  air,  inodorous, 
very  bitter,  and  having  a  specific  S^a^ity  -i  1-176.  It  melts  at  100^,  and  carbonises 
at  a  higher  temperature,  giving  off  vapours  free  firom  ammonia.  It  is  insoluble  in 
cold  water,  slightly  soluble  in  bailing  water,  very  soluble  in  alcohol,  ether,  volatile  oils, 
and  sulphide  of  carbon,  and  with  aid  of  heat  in  fixed  oils.  The  alcoholic  solution  has 
an  acid  reaction. 

Picrolichenin  is  decomposed  by  nitric,  hydrochloric,  and  phosphoric  add.  With 
caustic  potash  it  forms  a  red  solution,  from  which  acids  predpitate  a  brown-red  bitter 
substance.  VThen  left  in  contact  with  ammonia  in  a  dose  vessel,  it  first  becomes 
viscous  and  resinous,  and  ultimately  dissolves,  forming  a  liquid  which  is  colourless  at 
first,  then  turns  reddish,  finally  saffiron-yellow,  and  deposits  after  awhile,  shining  yellow 
tufts  of  fiattened  tasteless  needles  easily  soluble  in  alcohol  and  in  caustic  alkalis.  They 
effloresce  in  dry  air,  give  off  ammonia  when  heated,  and  melt  at  40^  to  a  glutinous  mass, 
having  a  deep  cheziy-red  colour,  and  behaving  with  solvents  like  the  ciystals.  The 
same  red  body  is  formed  when  the  ammonia<»l  solution  of  picrolichenin  is  left  to 
evaporate  in  the  air.  Its  formation  seems  to  show  that  picrolichenin  is  a  source  of 
orcin,  and  probably  identical  with  one  of  the  colouring  acids  of  the  lichens  (lecanoric 
add,&c). 

VIOSOUCTB.  A  fibrous  dark-green  variety  of  serpentine,  somewhat  resembling 
asbestos;  found  in  Silesia,  and  at  Philipstadt  in  Wermemnd,  Sweden. 

FXCXOMBBim.  Potassio-magnesic  sulphate,  E'Mg*(S0*)*.6H*0,  crystallised 
from  the  solutions  of  saline  erasts,  from  the  fumaroles  of  Vesuvian  lavas  of  the 
eruption  of  1855.    (Scacchi.) 

VICnUITRAJUKACO&ITB.    See  Peabmacolits  (p.  387). 

yiOBOVBT&Xi  (from  vucp^s,  bitter,  and  ^AAoy,  a  leaf).  A  massive  foliated, 
fibrous,  magnesio-ferrous  silicate,  from  Salii  in  Sweden.  It  has  a  deep  greenish-grey 
colour;  hardness  »  2*5;  specific  gravity  =b  2*75.  Beforo  the  blowpipe  it  turns 
black  and  then  white,  without  melting;  when  moistened  with  cobalt-solution  and 
ignited,  it  turns  pale  red.  Contains  49'80  per  cent,  silica,  30  10  magnesia,  6-86  ferrous 
oxide,  with  trace  of  manganous  oxide,  0-78  lime,  1*11  alumina,  and  9*83  water 
(«  98*48),  whence  the  forrouU  3(|M^.iFe")£&0".2H'0.  It  is  perhaps  an  altered 
augita    (Svanberg,  Pogg-  Ann.  L  662.) 

VXCAOSMnra  (fromxucp^s,  and  ^(r^4,  odour).  A  hydrated  silicate  of  magnesium, 
occurring,  with  magnetic  iron  ore,  near  Prosnitz,  in  Bohemia,  in  trimetric  crystals,  ex- 
hibiting the  combination  ooP  .  <xPa>  .  oot^oo  .  f^oo .  Angle  ooP  :  ooP  »  126^  52'; 
ooPoo  :  ooP  ««  153°  26';  ootx  :  too  «  121°  6';  too  :  too  (over  oof  oo  )  «.  62°  11' ; 
adjacent  »  117^  49[.  Cleavage  parallel  to  ootoo  perfect;  parallel  to  odPoo,  less  so; 
traces  parallel  to  Poo .  It  occurs  also  fine-columnar  and  granular.  Hardness  — 
2  5 — 3.  Spedfic  gravity  =  2*69 — 2*68.  Lustre  on  deavage-face  pearly ;  elsewhero 
vitreous.  Colour  greenish-white,  also  dark  green  and  grey.  Streak  white.  Subtrans- 
lucent  to  opaque.    £mits  a  bitter  argillaceous  odour  when  moistened.    When  heated  it 
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ciyeB  off  water  containiog  ammoma;  behayes  befoie  the  blowpipe  like  picrophyll. 
Contains  64-89  per  cent  silica,  34-36  magnesia,  0*79  alumina,  1-40  ferric  oxide,  0*42 
manganons  oxide,  and  7'80  water  (->  99*16),  whence  the  formula  2Mg"SiO*.ESO,  the 
magnesinm  being  partly  replaced  by  iron.    (Magnus,  Pogg.  Ann.  yi  63.) 

ncntOTHOBESOnra.  A  white  radiate  mineral,  from  the  gabbro  of  Tuscany, 
containing,  according  to  Bechi  (SilL  Am.  J.  [2]  xiy.  63),  40*36  per  cent  silica,  31*26 
alumina,  10*99  lime,  6-26  magnesia,  0*28  alkah,  and  10*79  water.  It  is  probably  a 
thomsonite  haying  the  soda  replaced  by  magnesia.    (See  Thomsonitb.) 

yzcnOTOXKO  JLOIO.  The  name  giyen  by  PeUetier  and  Couerbe  to  piczotoxin, 
because  it  unites  with  metallic  oxides. 


QiffQMos,      (Boullay,  Ann.  Chim.  xxx.  209.— Casaseca, 
Ann.  Ch.  Phys.  [2]  xxx.  807.— C.  Oppermann,  Maff.  Phann.  xxxy.  233.— Pelletier 


of  water;  and  the  brown  aqueous  extract  mixed  with  a  small  quantity  of  neutral  lead- 
acetate  to  remoTD  colouring  matter.  The  filtrate,  freed  from  lead  by  sulphydric  add, 
is  then  eyaporated,  and  the  picrotoxin  which  separates  is  repeatedly  crystaUised  from 
water  till  it  becomes  colourless.*    (B  a  r  t  h. ) 

Picrotoxin  usually  crystallises  firom  pure  solutions  in  stellate  groups  of  needles ; 
from  coloured  liquids  in  interlaced  spongy  threads,  which  after  a  while  change  into 
more  solid  needles,  more  rarely  into  laminie  (probably  containing  water  of  ciystallisa- 
tion).  It  is  permanent  in  the  air,  inodorous,  has  an  intensely  bitter  taste,  and  is 
neutral  to  yegetable  colours.  It  decomposes  without  frision  when  strongly  heated.  It 
dissolves  in  160  pts.  of  cold,  and  26  pts.  of  boiling  water ;  in  8  pts.  of  boiling  alcohol 
of  specific  grayity  0*800;  also  in  ether  and  in  warm  fixed  oils.  Its  alcoholic  solution 
turns  the  ^ane  of  polarisation  to  theleft;  [a]  =  —28^  (Bouchardat  and  Boudet); 
a  —  88^(Pfaunaler)  for  a  column  1  metre  in  length.  It  is  yeiy  poisonous,  pro- 
ducing yertigo,  eonyulsions,  and  death. 

Atiatpses  of  PicrotogM. 


Carbon 
Hydrogen    . 
Oxygen 

Pelletier. 
and  Couerbe. 
60-91 
6*00 

*           •     . 

— ^ -^ 

Oppennaim. 
61*43         61*63 
611           6*22 
•     .            •     • 

Regnault. 
60-21         60*47 
6*83          670 

.     .           •     • 

Calculatlim 

60*48 

6*88 

83-64 

100*00 

Oppermann,  whose  analyses  differ  considerably  from  all  the  rest^  proposed  the 
formula  C*H*0',  ree^uiring  61*2  carbon  and  6*1  hydrogen ;  but  all  the  other  analyses 
agree  yery  nearly  with  the  formula  C"H*H)*.  Barth's  analyses  also  giye  60*2  per  cent 
as  the  maximum  percentage  of  carbon. 

Picrotoxin  unites  with  alkalis,  baryta,  lime,  and  oxide  of  lead,  forming  unczystallis- 
able  compounds  which  are  difficult  to  purify.  On  boiling  it  for  some  hours  with  dilute 
sulphuric  acid,  saturating  with  carbonate  of  barium,  and  eyaporatiug  the  filtrate,  there 
remains  a  syrup  which  cussolyes  in  alcohol  and  dries  up  to  a  gummy  mass  having  the 
composition  C^'H^Ba^O"  or  C*«H»«Ba"0».6H«0.  By  boiling  for  80  hours  with  filute 
sulphuric  acid  and  proceeding  as  above,  a  barium-compound  is  formed  containing 
C"H**Ba''0"  or  C»*H"Ba*0".4HH).  The  organic  substance  separated  from  this  com- 
pound dissolves  easily  in  water  and  alcohol,  and  dries  up  to  a  light  yellow  gummy  mass, 
which  when  dried  at  ISO**,  has  the  composition  C"BP»0"  or  C"H»«0«  «  C»*H'*0».H*0. 

Picrotoxin  in  many  of  its  reactions  exhibits  the  characters  of  a  saccharine  substance. 
It  reduces  ctiprie  oxide  from  alkaline  solutions,  and  when  boiled  with  dilute  acids, 
takes  up  water,  forming  a  substance  which  also  reduces  onpric  oxide.  The  reducing 
power  of  picrotoxin  is,  however,  about  five  times  less  than  that  of  glucose.  With 
nUric  acid,  it  yields  oxalic  acid,  and  when  distilled  with  soda-lime,  it  gives  off  a  small 
quantity  of  liquid  haying  the  odour  of  metacetone. 

Picrotoxin  dissolves  in  strong  sulphuric  acid,  forming  a  saffix>n-coloured  solution. 
With  sulphuric  acid  and  poiassic  dichromate  it  assumes  a  red-brown,  and  on  heating 
a  dark  brown  colour.    (Schmidt) 

Bromopicrotoxin,  C*'H*'Br0*,  is  formed,  with  evolution  of  bydrobromie  acid,  by 

*  Daring  tli«  recryatalltiatiiNi  of  pfcrotoxin,  tbera  geparatei  a  gmall  quantity  of  another  inhstanoe 
(perhaps  Boullay*s  menlspennic  acid.  Hi.  879),  tparinaly  soluble  In  water,  alcohol,  and  ether,  but  eailly 
soluble  hi  dilute  todic  carbonate,  and  separated  therefrom  by  acids  in  microscopic  needles.  Its  analysis 
leads  to  the  formate  C»Hiso»  r-:  /  r 
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the  aetlon  of  bromine  <m  pierotoiiiL  It  •epemtee  dowly  ftom  •looholie  eoliition  in  soft 
eiystalline  gronpe,  but  on  adding  v&ter  to  tbe  sohition,  it  is  obtiiined  as  an  amoiplioiis 
floccnlent  precipitate,  which  dries  up  to  a  strongly  elecbne  poipder. 

Nitropicroioxin,  CWfSO^Y^,  is  formed  bj  dissolTing  pierotozin  in  a  mixture 
of  strong  nitric  and  sulphiiric  add,  ai^  is  precipitated  bj  water  as  a  floeenlent  mass 
which  crystallises  firom  dilnte  alcohol  in  small  needles.  It  is  not  exploaiTe,  bat  de- 
composes when  heated  to  100^,  or  when  the  solution  is  boiled. 

DEracnoN  of  PicaoToxnr. — ^The  intensely  bitter  taste  of  picrotozin  has  led  to  the 
use  of  cocenlns  grains  as  a  sabstitnte  lor  hops  in  bear;  andas  it  is  a  reiy  poisonoos  snb- 
Btance,  its  detection  in  beer  and  other  organic  liqmds  becomes  a  matter  of  impottanceu 
For  this  purpose,  T.  J.  Herapath  absorbs  the  pierotoxin  by  means  of  animal  ehareoal, 
then  dissolves  it  oat  by  alcohol,  and  leaves  it  to  oystallise  from  the  alcoholic  eolation 
(see  Besr,  i.  637).  According  to  W.  Schmidt,  however  (J.  pr.  Chem.  IxxxviL  3i4 ; 
Jahresb.  1862,  p.  629^,  this  method  cannot  be  depended  npon  for  the  detection  of  small 
quantities  of  picrotoxm,  on  aocoant  of  the  rery  slight  absoraability  of  that  sabstanoe  by 
charcoal ;  the  charcoal  indeed  appears  to  be  nsefbl  rather  for  removinff  the  oolooring 
matter,  resin,  and  extrBctive  matter  of  the  liqoid,  than  for  takingapthe  pciotozin.  Hie 
process  recommended  by  Schmidt  for  the  detection  of  pierotoxin  in  watery  liquids 
such  as  beer,  is  as  follows :  The  liquid  is  evaporated  over  the  water-bath  to  a  syrup; 
the  residue  is  dissolved  in  a  sufficient  quantity  of  water  to  form  a  mobile  liquid ;  this 
solution  is  agitated  with  5  or  6  grms.  of  anunal  charcoal,  and  filtered  after  sereral 
hours ;  and  the  filtrate  is  completely  precipitated  with  basic  acetate  of  lead.  The 
wine-yellow  liquid  separated  from  the  precipitate  is  then  repeatedly  shaken  up  with 
5  to  10  per  cent,  of  amylic  alcohol,  and  the  oily  layer,  which  contains  the  greater  part 
of  the  pierotoxin,  is  decanted  after  standing  for  24  hours.  The  portion  of  pierotoxin 
still  remaining  in  the  wateir  liquid  may  be  separated  by  a  repetition  of  this  treatment. 
The  united  extracts  are  then  left  to  evaporate  in  a  moderately  warm  place;  the 
yellowish  residue  is  dissolved  in  weak  spirit ;  the  liquid  evaporated  to  dryness ;  the 
residue  boiled  with  water  mixed  with  a  small  quantity  of  smphuric  add ;  and  the 
liquid  is  decolorised  with  animal  ehsrpoal,  filtered,  and  evaporated  till  it  acquires  a 
distinctly  bitter  taste.  It  is  then  repeatedly  shaken  with  ether,  and  the  ethereal 
extract,  after  addition  of  a  little  alcohol,  is  left  to  evaporate.  By  repeatedly  dissolr- 
ing  the  residue  in  weak  spirit,  and  leaving  the  solution  to  evaporate,  the  pierotoxin  may 
be  obtained  in  tufts  of  fine  silky  cirstals.  The  charcoal  used  for  decoloration  and 
the  lead-predpitates  retain  traces  oi  picrotozin,  which  may  be  dissolved  out  by  hot 
alcohol.  When  picrotozin  is  to  be  searched  for  in  an  alcoholic  liquid,  it  is  suffident 
to  evaporate,  exhaust  the  residue  with  boiling  water,  decolorise  the  liquid  with 
animal  charcoal,  concentrate  the  solution,  and  treat  it  with  ether,  &c,  as  above. 
J.  W.  Langley  (Sill.  Am.  J.  [2]  zxxiv.  109)  addnlates  the  suspected  liquid,  and 
agitates  it  with  ether  which  takes  up  the  pierotoxin,  which  may  then  be  crystallised 
by  evaporation  on  a  watch-glass.  According  to  Schmidt^  on  the  other  hand,  pierotoxin 
doe8  not  crystallise  from  eUier  or  from  amylic  alcohoL 

The  picrotozin  having  been  separated  as  above,  is  easily  recognised  by  the  great 
fjAcility  vrith  which  it  crystallises  from  alcohol,  and  the  peculiar  characters  of  the  crystals 
(i.  637);  slso  by  its  strong  bitter  taste,  its  reaction  with  sulphuric  add  and  potassic 
diromate,  and  its  power  of  reducing  cupric  ozide  in  alkaline  solution. 

FlCJRIJi  or  Oripm.  A  substance  formed,  togetheif  with  others,  by  submitting  to  dry 
distillation  the  crude  product  of  the  action  of  sulphydrate  of  ammonium  on  bitter- 
almond  oiL  On  treating  the  distillate  with  ether,  picryl  dissolves  together  with 
stilbene,  and  separates  after  the  latter,  in  colourless,  inodorous,  monodinie  octahedrons, 
insoluble  in  water,  Tery  soluble  in  ether,  much  less  soluble  in  alcohoL  It  is  attacked 
by  chlorine,  bromine^  and  nitric  add,  yidding  peculiar  products.    (Laurent.) 

The  name  picryl  is  also  used  as  synonymous  with  trinitrophenyl,  CfH*(NO*)*, 
the  radide  of  picric  add,  &c.  Chloride  of  Picryl  C«H>(N0*)'C1  is  obtained  by  the 
action  of  pentachloride  of  phosphorus  on  picric  add  (p.  403).  It  is  a  yellow  solid 
having  an  agreeable  odour,  soluble  in  alcohol  and  ether,  not  ToIatQe  without  decom- 
position. Water  decomposes  it»  yielding  hydrochloric  and  picric  adds ;  ammonia  con- 
yerts  it  into  picramide. 

VICTITBa    Syn.  with  Sphbmb. 

FnmwCHTIMI  ATM.  A  mineral  constituting  the  principal  part  of  a  meteorite 
which  fell  on  November  30,  1860,  near  Shalka  in  BangMoah  (East  Indies),  and  was 
first  described  by  Piddington  (Joum.  of  the  Asiatic  Soe,  of  Bengal,  1862,  zx.  299). 
The  mineral  consists,  according  to  Haidinger  (Wien.  Akad.  Ber.  xli.  261 ;  Jahresb.  1860, 
p.  848),  of  dark  ash-grey,  coarse-grained  particles  of  rhombic  or  monodinie  structure, 
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aggregated  into  spherical  masses  sereral  inches  in  diameter,  which  are  endosed  in  a 
somewhat  lighter,  pumice-like  mineral  having  a  morefine«grained  stmctnre.  The  dark 
grey  crystalline  particles  (piddingtonite)  are  composed  of  67'66  per  cent,  silica^  20*65 
ferrous  oxide,  1*63  lime,  12*00  magnesia,  with  trace  of  alun)ua(B  98*84).  The 
ash-grey  mass  encloses  also  small  black  granules  of  chrome-iron.  The  cmst  of  the 
meteorite  is  yexy  thin,  of  blackish-brown  o^oor,  with  yeiy  little  lustre. 


An  incrustation  occurring  on  the  granite  difb  of  Cornwall,  consisting 
of  alumina  combined  with  an  organic  substance  called  mitdesotis  acid  (iiL  1060). 


A  doubtful  mineral  species  between  talc  and  miea^  found  at  Fahlnn  in 
Sweden. 


ao  ACZB.  C»»H»«0«.  (Laurent,  Ann.  Ch.  Phys.  [2]  Ixxii.  384;  [3] 
zxii.  459. — Sievert,  Zeitschriftfiir diegesammtenNaturwi8senschaften,ziy.  311.)---An 
acid  resin  occurring  in  the  turpentine  of  Pintu  mariiima,  which  hardens  on  exposure 
to  the  air,  forming  the  substance  called  galipot;  also  in  the  colophony  of  Bordeaux 
(i  1087).  To  prepare  it,  the  galipot  of  commerce,  after  being  freed  from  admixed  tur- 
pentine, is  pulxerised  and  stirred  up  with  a  mixture  of  1  pt.  ether  and  6  pts.  alcohol^ 
which  is  poured  off  after  a  short  time.  The  undissolved  portion  treated  twice  more 
in  the  same  way,  and  then  dissolved  in  boiling  alcohol,  yields,  after  sevi^ral  day^ 
standing,  crystalline  crusts,  which  must  be  promptly  taken  out  and  purified  by  recrrs- 
tallisation  from  boiling  alcohol  (Laurent).  It  may  also  be  obtained  by  washinff 
Bordeaux  colophony  with  cold  alcohol,  dissolving  the  residue  in  boiling  alcohol,  and 
leaving  the  solution  to  crystallise. 

Pimaric  acid  forms  white,  warty,  crystalline  crusts,  consisting  of  microscopic  rectan- 
gular or  sometimes  six-sided  prisms  (Laurent);  fine  thin  laminae,  the  primary  form 
of  which  is  a  quadratic  prism  often  truncated  on  the  edges,  or  acuminated  (Si  evert). 
It  melts  at  about  125°,  and  solidifies  only  at  68°,  to  a  lunpid,  sometimes  crystallogra- 
nular  mass ;  the  acid  dried  in  a  vacuum  loses  under  these  circumstances  0*4  per  cent, 
water  (Laurent).  It  sinters  toother  between  120°  and  186°,  and  melts  completely 
at  158°  to  a  dear  liquid  from  which  the  unaltered  acid  sublimes  at  120°.  In  a  capil- 
lary tube,  both  the  crystallised  and  the  already  fused  acid  melt  at  153°  (Si evert). 
Specific  gravity  -t  1*1047  at  18°.  It  is  kevorotatory,  but  in  a  less  degree  than  sylvic 
acid.  It  gives  by  analysis  78*18  per  cent,  carbon  and  9*74  hydrogen  (Laurent); 
79*02  car^n  and  9*87  hvdrogen  (Sievert),  the  formula  C*H'*0*  requiring  79*47 
carbon,  9*94  hydrogen  ana  10*59  oxygen.  According  to  these  results  pimaric  acid  is 
isomeric  with  sylvic,  and  probably  also  with  abiotic  acid. 

Pimaric  add  is  insoluble  in  water ^  but  dissolves  in  10  pts.  alcohol  at  18°  and  in  its 
own  weight  of  boiling  alcohol  (Laurent) ;  in  13  pts.  alcohol  of  92  per  cent,  in  2  pts. 
at  the  boiliuff  heat  (Sievert).  Fused  pimaric  acid  dissolves  quickly  when  triturated 
with  an  equal  weight  of  cold  alcohol,  but  the  solution  solidifies  almost  immediatdy 
tsom  separation  of  crystals. 

.  Amorphous  Pimaric  Acid. — Crystallisedpimaric  add  becomes  amorphous  by  keeping. 
It  then  dissolves  in  its  own  wdght  of  alcohol,  the  solution  not  solidiiyin|;  in  the  crys- 
talline form,  but  depositing,  when  mixed  with  water,  a  soft  mass  having  the  same 
composition  as  crystallised  pimaric  add.  Pimaric  acid  in  the  fusnd  state  or  dissolved 
in  fucohol  does  not  undergo  this  transformation  (Laurent).  Laurent  subsequently 
regarded  amorphous  pimanc  acid  as  identical  with  pinic  add. 

The  pimarates  of  the  alkali-metals  are  soluble.  The  alcoholic  solution  of  tbe  acid 
does  not  predpitate  the  alcoholic  solutions  of  the  chlorides  of  strontium^  calcium  and 
magnesium,  except  on  addition  of  ammonia,  which  produces  a  copious  predpitate  in 
the  oddc  solution,  less  abundant  in  the  others.  The  alcoholic  add  mixed  at  the  boiling 
heat  with  the  sdcoholic  solutions  of  plumhic,  cuprie,  or  argentic  acetate  forms  amorphous 

{iredpitates  after  some  time.    The  lead-salt  dried  in  a  vacuum  contains  26*6  per  cent 
ead-oxide,  agreeing  approximately  with  the  formula  C^H*^b''0\  which  requires  27 '66 
per  cent 

Pimaric  add  distilled  in  a  vacuum  in  quantities  not  exceeding  10  grms.  yields  first 
traces  of  water,  then  pyromarie  add  solidifying  for  the  most  part  in  the  neck 
of  the  retort,  and  ultimately  leaves  only  a  trace  of  charcoal.  Larger  quanties  of  the 
acid  distilled  in  vessels  containing  air  yield  chiefly  p  i  m  a  r  o  n  e.  Pimario  acid  gradually 
added  to  strong  sulphuric  acid  forms  a  brown<rrea  solution,  which  if  poured  into  water 
afters  24  hours  deposits  reddish-gre^  flocks. 

By  boiling  with  nitric  add,  pimaric  acid  is  gradually  converted  into  nitromaric  or 
azom ar ic  acid,  C*H"(NQ*)*0*,  which  collects  on  the  surfaceof  the  liquid  as  a  yellow 
friable  resinous  mass  which  may  be  purified  by  repeated  boiling  with  water,  or  by  solu- 
tion in  add  and  precipitation  with  water.  This  add  decomposes  when  melted,  leaving 
a  bulky  charcoal,  but  does  not  glow  or  deflagrate  even  when  quickly  heated.  It  bumi| 
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like  a  resin,  and  yieldfl  bj  dry  distillation  a  yery  small  qnantitj  of  oiL  It  is  insoluble 
in  irater,  soluble  in  oil  of  Titriol,  alcohol  and  ether ;  the  alcoholic  solution  reddens 
litmus.  It  forms  reddiBh-yellow  salts,  those  of  the  alkali-metala  beine  soluble,  the 
barium-salt  insoluble.  The  alcoholic  solution  of  the  acid  forms  yellowish  precipitates 
with  neuiral  acetate  of  lead  and  nitrate  o/eiltfer, 

PnCAJtOWa.  C'H'H). — When  a  oonsideiable  quantity  of  pimaric  acid  is  dis- 
tilled in  a  vessel  containing  air,  and  the  viscid  distillate,  consisting  of  pimarone 
mixed  with  pyromaric  acid,  is  saponified  with  potash,  the  pimarone  is  taken  up  into 
the  eosp  foimed  by  the  pyromaric  acid ;  and  on  agitating  the  pulverised  soap  with 
ether,  tne  pimarone  dissolves,  together  with  a  small  quantity  of  potassium-salts,  which 
may  be  removed  by  water.  The  residual  pimarone,  after  being  washed  with  dilute 
potash-lej  and  with  water,  and  dried  in  a  vacuum,  is  yellowish,  hhs  the  consistence  of 
a  fixed  oil,  and  dissolves  in  alcohol  and  ether.  It  hardens  almost  completely  on  expo- 
sure to  the  air. 

FZBBUO  JUnS.    (TWH)*  »  (C'^^Tj  o>.    (Laurent,  Ann.  Ch.  Fhys.  [2] 

Ixvl  163.— Bromels,  Ann.  Ch.  Phann.  zxxv.  104. — Gerhardt,  Rev.  sdent  six.  12. 
— Sacob  Abb.  Oh.  Phaim.  a  221.— Arppe,  ilrid.  exv.  143;  cxxiv.  98.— Ghm.xii.  468.) 
This  add  was  discovered  by  Laurent  in  the  mother-liouors  resulting  from  the  action  of 
nitric  add  on  oleic  add,  and  is  likewise  produced  by  tne  action  of  nitric  acid  on  wax, 
spermacetic  and  other  fatty  bodies.  Sacc  obtained  it  by  the  action  of  nitric  add  on 
linseed  oiL 

Laurent  prepares  it  by  boiling  200  or  300  erms.  of  olde  add  for  twelve  hours  with  an 
equal  weight  of  nitric  add,  cohobating  the  distallate  i^m  time  to  time.  The  nitric  acid 
is  then  decanted,  the  undissolved  portion  again  treated  with  a  quantity  of  nitric  add 
equal  to  the  former,  and  the  ebullition  continued  for  another  twelve  hours.  This 
operation  is  repeated  six  or  seven  times  till  only  about  a  fifth  of  the  oleic  add  remains 
undissolved.  The  decanted  portions  of  nitric  acid  are  then  united  and  evaporated 
down  to  one-fourth.  The  residue  left  to  itself  for  twelve  hours  deposits  granules  of 
suberic  acid,  which  are  to  be  pressed,  moistened  with  cold  water,  again  submitted 
to  pressure,  and  the  expressed  liquids  evaporated,  the  vessel  being  cooled  finom  time  to 
time,  and  tlie  suberic  add  which  separates  removed.  This  acid  may  be  recognised  by 
formmg  granules  whidi  are  soft  after  bein^  pressed  with  a  glass  rod.  Gradually, 
however,  pimelic  acid  begins  to  separate  m  hard  sandy  grains,  mixed  at  first  with 
suberic  acid,  which  is  easily  removed  by  levi^tion  with  water.  Bv  a  new  evaporation 
more  pimelio  add  is  obtained,  but  it  crystallises  very  slowly,  the  deposition  not  being 
complete  for  several  days.  The  evaporation  must  not  be  pushed  too  &r,  because  the 
mother-liquor  contains  otiier  adds  of  still  greater  solubility.  The  pimelic  add  may 
be  freed  from  adhering  suberic  add  by  means  of  alcohol,  which  easily  dissQlves  the 
latter,  and  finally  purified  by  ciystallisation  from  boiling  water. 

PimeL'c  add  forms  grains  of  about  the  size  of  pins'  heads,  appearing  under  a  magni- 
fying glass  as  groups  of  crystals,  the  form  of  which  cannot  be  made  out.  It  is  inodo- 
rous, but  has  an  add  taste.  It  melts  at  about  1 14°  (Laurent) ;  at  134°  (Bromeis); 
distils  at  a  high  temperature.  1  pt.  of  the  add  dissolves  in  35  pts.  water  at  18^ ;  it  is 
very  soluble  in  boiling  water,  also  in  warm  alcohol  and  ether ;  it  dissolves  alao  in 
hot  strong  sulphuric  acid.  When  heated  with  hydrate  of  potassium  it  gives  off  hydro- 
gen without  blackening.  The  residue  contains  oxalic  add,  and  when  treated  with 
mineral  adds  gives  off  a  volatile  add  resembling  valerianic  add  (Gerhardt) : 

C'H>«0*  +  2HK)     «     C«H«0*  +   C»H'»0«  +   2H». 

Pimelic  acid  is  dibasic,  but  only  the  neutral  salts,  C^*MK)«  and  CWWO\  are 
known.— The  amrnonittm'Salt  ^ves  off  ammonia  when  boiled,  and  gradually  on  expo- 
sure. The  add  neutralised  with  ammonia  does  not  predpitate  the  salts  of  barium, 
strontium,  calcium,  ma^esium,  manganese  or  ana  With  leadrsalts  it  forms  a  white 
precipitate,  apparently  insoluble  in  water  and  in  alcohol;  with/errtc  salts^  a  light-red 
predpitate;  with  msrcurio  chloride^  a  white  precipitate. — The  copper-salt,  C'H'*Cu''0*, 
is  a  blue  predpitate,  insoluble  in  water  and  in  alcohol. — The  stiver-salt,  C'H*AgH)\  is 
likewise  obtained  by  predpitation. 

vmaUCC  STBBSS.  Pimdats  of  methyl,  Cm\CR*'fO\iepTepaiTedUke  the 
ethyl-compound  and  decomposes  in  like  manner  when  boiled. 

Pimelate  of  Ethyl,  C"H«»0«  =  (:rH"(C«H»)«0*,  is  obtained  by  the  repeated  action 
of  hydrochloric  add  on  an  alcoholic  solution  of  pimrlic  add.  The  portion  which  is 
volatile  below  100°  is  distilled  off,  the  residue  neutralised  with  carbonate  of  sodium, 
and  the  dark  red  oil  thereby  separated,  which  increases  in  quantity  on  further 
addition  of  water,  is  dehydrated  with  chloride  of  caldum.  The  liquid  thus  obtained 
has  a  fhiity  odour,  and  gives  by  analysis  61*44  per  cent.  0  and  9-76  H  (calc.  61*11  C 
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4uid  8*2^  H).  It  begins  to  boil  at  185^,  but  the  boflxng  point  gndnally  lises,  charcoal 
separates,  and  a  liqald  pauses  oyer  which  effervesces  with  carbonate  of  sodiam,  and 
appears  to  be  ethyUpimeUc  add,  C^H"(C'H^)0^  It  gave  by  analysis  67*03  per  cent. 
C  and  910  H  (calc.  67*44  per  cent  G  and  8*50  H).  (Marsh,  Ann.  Gh.  Pharm.  ciy. 
126.) 

PmdaU  of  Amyl,  0»*H"0*-  O'ffWH")'©^— Prepared  like  the  preceding  com- 
pound.  Dark-red,  somewhat  oily  liqnid  naying  a  penetrating  but  not  unpleasant  odonr. 
Sknls  between  170^  and  200^.  Insoluble  in  water,  soluble  in  alcohol  and  ether  (anaL 
67*64  G  and  1099 H ;  calc.  68*00  G  and  10*67  H).    (Marsh,  Ue,  cit,) 


A  name  applied  to  seyeral  green  nickeliferous  silicates : — a.  Green 
chrysoprase  earth,  accompanying  chiysoprase  in  Silesia  (Klaproth,  Beitraae,  ii.  134). 
— 6.  Gflocker^s  Mieite,  a  massive  green  mineral  from  Silesia,  meagre  to  the  touch,  of 
specific  gravity  1'468.    Gives  off  water  when  heated ;  is  infusible  before  the  blowpipe; 

Celds  metaUic  nickel  by  reduction  with  sodic  carbonate  (G.  Schmidt,  Pogg.  Ann. 
i.  888).— tf.  A  similar  mineral,  but  greasy  to  the  touch,  and  of  specific  gravity  2*71 — 
2*76.  £ehayes  before  the  blowpipe  Uke  tale,  and  gives  the  reactions  of  nickel.  De- 
composed by  adds  both  before  and  after  ignition  (Baer,  J.  pr.  Ghem.  Iv.  49) : 
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The  first  of  these  minerals,  if  the  iron  be  supposed  to  exist  as  ferrous  oxide  and  the 
alumina  be  reckoned  with  the  add,  may  perhaps  be  represented  by  the  foirmula 

(NrO  ;  Fe^O  ;  Mg''0).2SiO«.7HH).    The  second  has  the  composition  |^"!^  [  *.3SiO«. 

H*0.  The  third  may  be  represented  by  the  formula  3];(Mg'0  ;  Ni*0)»SiOT.2(2R«0», 
3SiO').18H*0.  This  mineral  contains  organic  remains,  containing  0*44  per  cent, 
carbon  (according  to  Bayer).  It  loses  8'8  per  cent  water  at  110^,  and  21-37  per  cent,  at 
a  red  heat. 


!Ot  OX&  or.  A  volatile  oil  obtained  from  the  frait  of  Myrtus  Pimenta, 
the  pods  of  which  yield  10  per  cent  and  the  seeds  5  per  cent  oil  (Bonastre,  J. 
Phann.  xi.  187).  The  crude  oil  is  viscous,  has  a  pale  yellow  or  light  brown  colour, 
and  strong  refracting  power ;  specific  gravity  »  1*03  at  8^.  It  resembles  oil  of  doves 
in  taste  and  smell,  and  reacts  uke  that  oil  with  gulphurio  aeidf  nitrio  acid,  and  iodine; 
dissolves  completely  in  alcohol  and  ether. 

By  treatment  with  strong  potasU4ey,  it  is  resolved  into  eugenic  add,  G'*H^'0* 
(ii.  604),  and  a  hydrocarbon  polymeric  with  oil  of  turpentine,  probably  G'*H**.  This 
hydrocarbon  is  a  colourless  rather  viscid  oil,  smelling  somewhat  like  oil  of  turpentine, 
and  exhibiting  feeble  Isvo-rotatory  power.  Specific  gravity  0*98  at  18°.  Boiling-point 
2-66.    (G.  Oes.er,  Ann.  Gh.  Phazm.  fxrri.  277  ;  BulL  Soc  Ghim.  1865,  i.  434.) 


OF*  The  volatile  oil  obtained  by  distilling  the  root  of 
PimpineUa  eaatfraga  with  water,  has  a  golden-yellow  colour,  a  visdd  consistence,  a 
bitter,  irritating  taste,  and  is  resinised  by  strons  adds.  The  oil  obtained  in  like 
maimer  from  Pimpifn^  niara,  a  variety  of  P.  saxQraga,  is  light-blue  and  viscid  (B 1  e  v, 
Tzommsdorff,  N.  J.  xii.  [2]  29).  Oil  of  anise  (i.  297)  is  obtained  from  PimpineUa 
a%%8VMim 


ynrAOO&ZV.  G*H"0.  (Pittig,  Ann.  Gh.  Pharm.  cxiv.  64.)— An  oily  body  pro- 
duced by  the  dehydration  of  pinacone,  either  by  distilling  the  oystallised  hydrate  of 
pinaoone  with  sulphuric  or  hydrochloric  acid,  or  by  subiecting  fused  pinacone  to  the 
action  of  dry  chlorine  gas.  It  is  colourless,  has  an  odour  of  peppermint,  a  specific 
gravity  of  0*7999  at  16^,  and  boils  at  106^.  It  is  insoluble  in  water,  but  mixes  in  all 
proportions  with  alcohol  and  ether.  It  does  not  unite  with  add  sulphites  of  alkali- 
metaL  With  strong  nitric  acid  it  yields  red-brown  oily  nitro-compounds.  When 
subjected "  to  the  action  of  dry  chlorine  in  difiused  dayli^t,  it  is  converted  into 
dichloropinacolin,  G^**G1*0,  whidi  is  a  heavy  visdd  oil,  solidifying  after  a  while 
in  colourless,  needle-shaped  crystals.  It  acts  on  the  nose  and  eyes  like  dichloracetone 
(L  30),  melts  at  61**,  boils  at  178®,  is  nearly  insoluble  in  cold  water,  and  sparingly 
soluble  in  hot  water,  from  which  however  it  crystalliBes.  Its  solution  in  ether  or  in 
absolute  alcohol  is  predpitated  by  water. 


VZWACOWa.  G'H^^O*.  (Fit tig,  Ann.  Gh.  Pharm.  ex.  23 ;  Jahresb.  1869,  p.  842. 
— Stadeler,  Ann.  Gh.  Pharm.  cxi  277;  Jahresb.  1869,  p.  346.— Friedel,  Ann.  Gh. 
Pharm.  cxxiv.  324  ;  Jahresb.  1862,  p.  404. — Linnemann,  Ann.  Gh.  Pharm.  SuppL 
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iii  874)  — This  body,  iaomiario  with  hexylene-glycol,  (C«ll")''H«0»,  is  produced  by  th* 
action  of  ■odiuin,  or  better  of  sodimn-amalgazEi,  on  aqneoiu  acetone : 

2(?K«0     +     H«       -      C«fl»*0«. 

On  distilling  tbe  resulting  alkaline  liquid,  which  also  contains  isotritylic  alcohol,  hydrate 
of  pinacone,  C*H**0*.6^0,  is  found  in  the  last  portion  of  the  distillate,  and  crystallises 
on  cooling  the  liquid  to  a  low  temperature.  This  hydrate  is  resolved  by  further  dis- 
tillation into  water  and  pinacone,  which  are  easily  separated  by  fsustional  distillation, 
and  from  the  first  fraction,  passing  oyer  between  170^  and  180^,  the  pinacone  may  be 
obtained  pure  by  repeated  slow  distillation.    (Linn  em  an  n.^ 

Pinacone  exists  in  two  modifications,  one  liquid,  the  other  solid.  Liquidpinacone 
is  a  colourless  syrup  which  has  a  specific  myity  of  0'96  at  15^,  does  not  sohdify  at 
0**,  boils  at  176^ — 177^  under  a  pressure  of  0*738  met ;  is  soluble  in  water,  but  soon 
separates  from  the  solution  as  a  ciystaUised  hydrate  melting  at  46*5^.  If  j^tected 
ftv)m  moisture,  it  changes  gradually  but  spontaneously  into  the  solid  modification. 

Solid  pinacone,  when  fr^ed  from  the  last  traces  of  the  liquid  modification  by 
pressure  between  paper,  and  purified  by  distillation,  is  a  snow-wmte,  fioAly  crystalline 
mass,  whiieh  gradually  softens  and  melts  between  35^  and  38^,  and  boils  at  171^ — 172^ 
under  a  pressure  of  0*739  met,  giving  off  a  colourless,  inodorous,  thickish  liquid  which 
soon  solidifies.  Ik  dissolves  readilj  in  cold  alcohol  and  ether,  sparingly  in  cold  sulphide 
of  carbon,  and  crystallises  from  boiling  sulphide  of  carbon  in  small  needles.  Bj  spon- 
taneous evaporation  of  an  alcoholic  or  ethereal  solution,  it  is  obtained  as  a  radio-ciys- 
talline  mass  made  up  of  small  needles.  It  is  sparingly  soluble  in  cold  toater,  eanly 
in  hot  water,  but  quickly  separates  from  the  solution  as  hydrated  pinacone,  melting 
at  46*5^.     (Linnemann.) 

Pinacone  in  either  modification  is  easily  reconverted  into  acetone  by  the  action  of 
atid  chromate  of  potassium  and  atdphurie  acid.    (Linnemann.) 

Hydrated  pinacone,  C^"0*.6H'0  (regarded  by  Fittig  and  by  Stiideler  as 
'OH'*0.7H*0).  Obtained  by  the  direct  combination  of  pinacone  with  water,  or  in 
lari^er  quantity  by  the  action  of  sodium-amalgam  on  aqueous  acetone  (vid.  sup.). 
It  18  a  light  transparent  substance  usually  crystallising  in  thin  four-sided  tablets 
(hence  the  name,  froui  viifa^,  a  table),  but  sometimes,  according  to  Stadeler,  in  long 
prismatic  crystals.  When  pure  it  is  perfectly  inodorous.  When  kept  in  clo  e  vessels 
it  volatilises,  and  sublimes  from  one  part  of  the  vessel  to  another,  even  at  ordinary 
temperatures.  It  is  sparingly  soluble  in  cold  tvater  and  ether,  easily  soluble  in  alcohm, 
and  may  be  recrystalUsed  frY>m  hot  water.  It  melts  at  46*5°  to  a  colourless  liquid 
which  solidifies  on  cooling.  It  is  resolved  by  diy  distillation  into  pinacone  and  water, 
but  volatilises  undecomposed  with  aqueous  vapour  (Linnemann).  By  distillation  with 
sulphuric  or  hydrochlonc  acid,  or  by  exposure  in  the  melted  state  to  the  action  of  diy 
chlorine,  it  is  converted  into  pinacolin.    (Stadeler.) 

Fittig  appears  to  h^ve  obtained  two  other  hydrates  of  pinacone,  viz.  C*H'^0'.2H*0 
and  C«H*0«.H«0. 

Benxoplnaoone.  C^H^O'  (Linnemann,  Ann,  Ch.  Phaim.  cxxziii.  26).  This 
compound,  related  to  benzone  (phenyl-benzoyl,  p.  478)  in  the  same  manner  as  pinacone 
to  acetone,  is  produced  by  the  action  of  zinc  and  dilute  sulphuric  acid  on  benzone : 

2C"H»»0     +     H»       -       C"H«0« 

To  pr^are  it,  1  pt  of  an  alcoholic  solution  of  benzene  saturated  at  16°,  is  added  to 
6  pts.  of  a  mixture  of  1  pt.  oil  of  vitriol,  1  pt.  water  and  4  pts.  alcohol,  and  as  much 
granulated  zinc  is  added  as  can  be  just  covered  by  the  liquid.  On  leaving  the  mixture 
to  itself  for  a  few  days,  the  benzopinacone  is  gradually  deposited  as  a  crust  on  the  zinc^ 
and  that  which  still  remains  dissolved  may  be  separatea  either  by  distilling  off  the 
alcohol  or  by  precipitating  with  water.  The  portion  attached  to  the  zinc  is  easily 
loosened  by  treating  the  zinc  with  dilute  sulphuric  add,  and  the  whole  may  then  be 
separated  by  levigation,  and  purified  by  repeated  crystallisation  from  boiling  alcohol. 

senzopinacone  aystallises  in  microscopic,  transparent,  well-defined  prisms,  sparingly 
soluble  in  boiling  alcohol,  easily  in  ether,  chloroform  and  sulphide  of  carbon.  It  melts 
between  170°  and  180°,  without  solidifying  again.  By  fusion  and  distillation  it  is 
converted  into  an  isomeric  modification. 

Benzopinacone  is  intermediate  in  composition  between  benzone  and  benzhydrol 
(p.  478)^  and  is  converted  into  the  former  by  oxidation  with  dilute  chromic  acid  : 

C»H«0«     +     O       -       2C»*H»»0     +     BPO; 
ai|d  into  the  latter  by  the  action  of  sodtum-amalffam  on  its  alcoholic  solution : 

C«5»0»     +     H»      -      2C"H"0. 
Benzopinacone  boiled  with  excess  of  chloride  of  benzoyl,  gives  off  hydrochloric  acid, 
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and  ifl  oonyerted,  hj  abetraction  of  1  at.  water,  into  a  Bubstance  haTiog  the  oompceitiou 
(?*W0,  and  related  to  bencopinaoone  in  the  same  manner  as  pinaoolin  (p.  647)  to 
pinacone.  By  treating  the  pzoanct  with  strong  aqneons  potash,  ezhansting  the  residual 
powder  with  ether,  and  recrystallising  from  boiling  benzene,  the  compound  CH'K)  is 
obtained  as  a  white  indistinctly  crystalline  powder,  soluble  in  boiling  alcohol,  ether  and 
benasene,  and  melting  at  182^'.  It  differs  from  benzhydroUc  ether  (p.  478)  by  only  2  at. 
hydrogen ;  nerertheless  it  is  not  oonverted  into  that  body  by  treatment  with  sodium- 

Aiwa.  I  <pi  Tn  - 

/«od0n#o0tnaoone.— Benzopinaoone  is  converted  by  fiiaion  or  distillation  into  a 
liquid  which  nas  the  same  composition,  but  does  not  solidify  even  at  —15^.  This* 
modification  of  benxopinacone  is  a  syrupy,  strongly  refracting  liquid,  which  boils  with- 
out decomposition  at  297'5^  under  a  pressure  of  0*733  met.,  and  has  a  specific  gravity  of 
1*10  at  19^.  By  transmitting  a  cone  of  light  through  it  in  a  darkened  space,  a  blue 
fluorescence  is  produced.  It  diseolves  easily  in  cold  alcohol,  ether  and  benzene.  With 
chloride  of  benzoyl,  it  gives  off  hydrochloric  acid,  but  forms  a  fluid,  not  a  solid  product. 

Solid  laobeneopinacone, — When  the  liquid  modiflcation  just  described  is  left  to 
itself  for  some  months,  it  solidifies  graduallv  but  completely,  forming  a  substance  whi(^ 
dissolves  easily  in  cold  alcohol,  ether  ana  benzene,  and  melts  at  31^,  whereas  the 
melting-point  of  ordinary  benzopinacone  is  between  170^  and  180^.  It  is  converted 
with  extraordinary  facility  into  the  fluid  modification,  remaining  in  the  liquid  form 
when  its  solutions  are  left  to  evaporate,  and  undergoing  complete  liquefaction  when  an 
attempt  is  made  to  pulverise  it. 

Botn  the  liquid  and  the  solid  modification  of  isobenzopinaoone,  when  treated  with 
sodium-amalgam,  are  converted,  like  benzopinacone  itself,  into  benzhydxoL 

POrOKBaoaM  An  alloy  of  copper  and  zinc,  usually  containing  about  9  pts. 
copper  to  1  pt.  zinc.    (See  Coffbb,  Allots  or,  ii  49.) 

PXVB-OIXi  or  Fir-oiL  These  names  are  applied  to  certain  oils  resembling  oil  of 
turpentine,  obtained  in  various  ways  from  pine  and  fir-trees.  An  oil  of  this  kind  is 
extracted  in  the  Black  Forest  from  the  seeds  of  Pinus  picea  and  Pinus  abies.  It  is 
limpid,  of  golden-yeUow  colour,  verv  mobile,  dries  rapidly,  and  does  not  solidify  till 
cooled  to  about  —30°.  It  is  used  in  the  preparation  of  colours  and  varnishes 
(Gerhardt's  Traitif  ii  901).  A  similar  oil,  formerly  used  in  medicine,  is  prepared 
by  distilling  the  young  branches  and  needles  of  the  dwarf  pine  (Pinus  Pwntlio)  with 
water.  It  is  mobile,  has  a  faint  yellowish  colour  and  agreeable  balsamic  odour ;  a 
specific  gravity  of  0*893  at  17° ;  and  boils  at  152°.  By  rectification  with  water  and 
dehydration  over  chloride  of  calcium,  it  is  obtained  colourless.  Hydrate  of  potassium 
immersed  in  it  becomes  covered  with  a  brown  resinous  substance.  By  repeated  treat- 
ment with  potassium  and  rectification  in  a  stream  of  carbonic  anhydride,  it  yields  a 
hydrocarbon,  C**H*',  less  frvgrant  than  the  original  oil,  having  a  specific  gravity  of 
0*875  at  17°,  boiline  at  161°.  This  hydrocarbon  is  Isevo-rotatory,  a  stratum  25  c  m. 
thick  turning  the  pUne  of  polarisation  18°  to  the  left  It  absorbs  hydrochloric  add 
gas,  forming  a  yellow  liquid  compound  C>*H'*.HC1,  of  specific  gravity  0*982  at  17°,  and 
smelling  somewhat  like  oil  of  thyme.    (Mikolasch,  Jahresb.  1860,  p.  478.) 

The  following  are  the  quantities  of  oil  extracted  by  sulphide  of  carbon  from  the  seeds 
of  various  species  of  Pinus  (dried  at  100°).  The  shelled  seeds  of  Pinus  sylvestris  yield 
from  20-3  to  23*4  per  cent,  oil ;  of  P.  Picea,  7*8 ;  unshelled  seeds  of  P.  Cemhra,  29*2 ; 
shelled  seeds  of  the  same,  36*5;  unshelled  seeds  of  P.  Strobus,  '29*8 ;  of  P.  Abies,  20*6; 
of  P.  Larix,  17*8 ;  of  P.  PuTwUio,  17*5;  of  P.  canadensis,  11*4—12*9;  of  P.  mantima, 
22*5—25*0.  All  the  seeds  examined  were  several  years  old.  (Wagner,  DingL  poL 
J.  dx.  466;  Jahresb.  1860,  p.  714.) 

Vnra-KBSm.  a.  Besins  of  Turpentine, — Turpentine,  the  resinous  juice  which 
exudes  spontaneously,  or  from  indsions  m  the  stems  of  firs,  pines,  and  other  coniferous 
trees,  is  a  mixture  of  a  volatile  oil  (C'*H")  with  a  resin  called  colophony,  CH^O* 
(i  1087X  probably  formed  by  oxidation  of  the  volatile  oil: 

2C"H'«  +  0«  -  C»H"0»  +  HK). 
This  resin  is  chiefly  a  mixture  of  two  isomeric  adds,  namely,  syl vie  acid,  which  is 
crystalline,  and  pinic  acid,  which  is  amorphous.  The  turpentine  which  exudes  during 
the  winter  montns  from  indsions  made  towards  the  end  of  autumn,  solidifies  round  the 
edges  of  the  indsions  in  opaque  yellowish-white  crusts,  called  galli^ot»  consisting  of 
a  mixture  of  essential  oil  of  turpentine  with  another  crystalline  resinous  acid,  called 
pimario  acid  (p.  644),  likewise  having  the  composition  C**H'*0*.  (See  these  several 
acids ;  also  TuaFBMTnni.) 

ft  Resins  q/  Pinus  sylvestris,~-T\M  needles  of  the  Scotch  fir  contain  several 
resinous  matters,  which  have  been  examined  byKawalier  (Wien.  Akad.  Ber.  xi.  844 
xiii.  325). 
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1.  Kimo9au$  aeidt  C**H>K)*  [?].— To  obUin  thu  aod,  the  needles  we  cat  up  and 
boiled  with  alooliol  of  40^ ;  the  aiooholic  decoction  ie  distilled  in  the  water-bara,  the 
greater  part  of  the  volatile  oil  then  passing  over  with  the  aloohol ;  and  the  diBtillate  ia 
mixed  with  water.  It  is  therebj  se|paratea  into  a  dark  green  resinons  mass  oontaininff 
ceropio  add  ^i.  836),  kinovons  acid,  a  small  quantity  of  volatile  oil,  and  a  turbid 
watery  Uqn^  m  whidh  pinipicrin,  sugar,  traces  of  citric  add,  oxypinitannie  add,  and 

{>initannic  add  remain  £ss(Mved.  The  needles  exhausted  with  aloohdl  still  contain  a 
ittle  pinipicrin  and  jelly.  The  resinous  mass  is  dissolved  in  alcohol  of  AQP ;  an  alco- 
holic solution  of  nentral  acetate  of  lead  is  added,  which  throws  down  impure  ceropate 
of  lead ;  sulphydric  add  gas  is  passed  into  the  filtrate ;  and  the  precipitated  mixture 
of  cblorophj^  and  sulphide  of  lead  is  separated  by  filtration.  The  now  yellow  filtrate 
depodts,  after  the  aloohol  has  been  distilled  ofi^  a  semi-fluid  redn,  which  dissolves  in 
very  dilute  potash-ley,  to  a  light  brown  liquid,  from  which  the  resins  may  be  precipi- 
tated, in  combination  with  lime,  br  chloride  of  caldum.  These  resins  are  filtered  ofiT 
and  washed  with  water,  and  the  filtrate  and  wash-water  are  predpitated  with  a  slip^bt 
excess  of  hydrochloric  add,  whereby  faintly  yellow  fiocks  of  kinovous  add  are  precipi- 
tated, to  be  purified  by  redissdlving  them  in  dilute  potash,  treating  the  solution  with 
animal  diarooal,  and  precipitating  the  filtrate  with  hydrochloric  acid. 

Kinovous  add  is  a  white,  or  slightly  yellow  brittle  mass,  yielding  a  strongly  eleetrie 
powder.  Its  solution  in  lime-water  yields,  with  nitrate  of  silver,  a  predpitate  having, 
according  to  Kawalier,  the  compodtion  2C**H'*0*.5A«|^O.H*0. 

2.  Resin,  CH^H)*. — ^The  compound  of  redn  and  lime,  precipitated  by  chloride  of 
caldum  in  the  preparation  of  kinovons  add,  dissolves  almost  completely  in  ether ;  and 
if  the  solution  be  evaporated,  the  reddue  dieted  in  alcohol  of  40^,  the  solution  a^^ain, 
evaporated,  and  the  reddue  treated  with  dilute  hydrochloric  add,  chloride  of  calcium 
dissolves,  and  a  brownish-yeliow  resin  is  leffc^  having  the  compodtion  just  mentioned. 
When  distUled  with  hydrate  of  caldum,  it  jrields  two  oik  containing  respectively 
C*H^,  and  0'*H*K),  both  of  which,  when  twice  distilled  over  pho^horic  anhydride^ 
are  converted  into  an  oily  hydrocarbon,  C**H**.  The  resin  dropt  m  the  fused  state 
upon  soda-lime  heated  to  220*^,  splits  up  into  oily  products  comparatively  ridi  and 
comparatively  poor  in  oxygen  (Kawalier).    See  Cfmelin's  Handbook,  xv.  33. 


W  or  Malabar  Udlow.  A  iat  obtained  by  boiling  the  firoit  of 
Valeria  indiea,  a  tiliaoeous  tree  indigenous  in  Malabar.  It  is  a  whitish-yellow,  waxy 
mass,  having  a  fiiint  agreeable  odour,  a  dendty  of  0'9626,  melting  at  87*6^,  dightly 
soluble  in  odd  alcohoL  According  to  Haroet  and  Babington,  it  contains  77*0  per  cent, 
carbon,  12*3  hydrogen  and  10*7  oxygen.    {Omelin*s  Bdndbook,  xvi.  400.) 


A  mineral  firom  Wolkenstdn  in  Saxony,  resembling  diloropal 
(i  921),  bat  having  a  oreasy  fed  and  specific  gravity  2*3 — 2*86.  Contains^  according 
toKersten  (Schw.  f.  IvL  9),  86*90  silica^  1*80  alumina,  2950  ferric  oxide,  6*10 
ferrous  oxide^  0*4  manganous  oxide^  0*46  magnesia  and  26*11  water,  whidi  may  be 

represented  am>roximately  by  the  formula  (2Fe''O.3SiO*).4(^SKr.2SiO*).30HK). 

Grameniie  aom.  Mengenberg  in  the  Siebengebirge,  has  nearly  the  same  compodtion, 
via.  38-39  per  cent.  SiO*,  6*87  A1«0«,  26-46  FeK)«,  0*66  CaO,  0*67  MnO,  0*76  MgO 
and  23*36  water.    (Bergemann.) 


C*H'*0'.  Amorphous  rssin  of  colophony,  Alpha-resin  of  ivrpsnf 
tine.  ^Berceliu s.) — ^This  add,  isomeric  with  sylvic  and  with  pimaric  add,  constitutes 
the  pnndpal  portion  of  colophony  and  appean  to  be  identical  with  amorphous  pimaric 
acid  (p.  644).  To  extract  it  from  colophony,  that  substance  is  treated  wim  cold  alcdiol 
of  72^,  whicii  dissolves  it  in  preference  to  the  crystallisable  sylvic  add.  The  liquid 
predpitated  by  an  alcoholic  solution  of  cupric  acetate,  yidds  a  salt  whence  the  pinic 
add  may  be  separated  by  means  of  any  mineral  add. 

Pinic  add  is  an  amorphous  redn,  exactlv  like  colophony,  insoluble  in  water,  but  soluble 
in  alcohol,  ether,  and  oils,  both  fixed  and  volatile.  It  mdts  when  heated,  and  decom- 
poses at  a  higher  temperature.  With  the  aid  of  heat  it  decomposes  carbonates,  and 
separates  the  fiitty  acids  from  the  alcohoUc  sdutions  of  their  soaps.  (Unverdorben, 
Pogg.  Ann.  xi.  27.) 

rzoOBUrnr.     C«H»0*m.    (Kawalier,  Wien.  Akad.  Ber.  xi.  369.)— A 


substance  occurring  in  the  bark  of  the  Scotch  fir  {Pinus  sylvestris).  The  bark  of  the 
upper  parts  of  the  stem,  sfter  being  freed  from  the  outer  rind,  is  cut  in  pieces,  and 
boued  with  alcohol  of  40  per  cent. ;  the  ceropic  add  which  separates  from  the  decoction 
on  cooling  is  separated  by  filtration ;  the  greater  part  of  the  alcohol  is  evaporated ;  the 
reddual  liquid  is  mixed  inth  water ;  and  the  turbid  solution  is  treated  with  neutral 
acetate  of  lead,^  whereby  pinicortannic  add  and  pinicorretin  are  predpitated,  while  cor- 
tepinitannic  add  (ii.  86)  and  sugar  remain  in  solution.    The  washea  lead-predpitate, 
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with  TB17  diliite  aoetio  add,  lepantes  into  pinioortaiuiio  add  {fidra\  whidi 
diasolTOfl  (and  may  be  obtained  by  predpitating  with  basic  acetate  of  lead,  decompomDg 
the  predpitate  with  inlphydric  aad,  and  eraporating  the  filtrate  ont  of  contact  with 
air),  and  a  dark-colonrea  glntinoiM  reeidne,  soluble  in  strong  alcohol.  On  treating  the 
solntkm  with  siilphydric  add,  and  evaporating  the  filtered  uqidd,  pinioorretin  remains 
behind,  and  may  be  purified  by  solution  in  alcohol. 

Pinioorretin  is  a  black-brown  glatinons  mass,  yery  slightly  soluble  in  ammonia.  The 
ammoniacal  •  solution  yields,  wiUi  chloride  of  barium,  red-brown  flocks  oontainiqg 
iBa^O.SC'-HW*. 


C«H"K)T?].  (Ea waller,  Wien.  Akad.  Ber.  xL 
860^) — ^An  add  occurring  in  the  bark  of  PinuM  mj/tveatriSy  and  obtained,  as  above,  in 
the  preparation  of  pinicorretin.  It  is  also  produced  when  the  solution  of  oortepinitannio 
acid  (iL  B5^  ia  evaporated  in  contact  with  air.  It  is  a  red-brown  powder,  converted  by 
^>oiling  witA  water  containing  hydrochloric  acid,  into  a  bright  red  powder  containing 
3C**H'0^*.H*0.    Its  aqueous  solution  colours  ferric  chloride  green. 

wanMWOmXM.  0"H*K>".  (Kawalier,¥nen.  Akad.  Ber.  xi.  850,  xiii  515.)— A 
bttHer  substance  oceoiring  in  the  needles,  inner  bark  and  outer  bark  of  the  Scotch  fir 
{Pinu9  nfkmtrig),  and  in  the  green  parts  of  Thufa  oeeidentaHs. 

^repartition. — ^The  comminuted  needles  of  the  Scotch  fir  (or  branches  of  Thija>  are 
exhausted  with  alcohol  of  40^ ;  the  alcohol  is  distilled  oif  ftom  the  decoction ;  ana  the 
residue  is  mixed  with  water,  whieh  separates  a  green  mass  of  resin  (serving  for  the  pre- 
paration of  kinovous  add,  p.  649),  while  the  supernatant  turbid  liquid  retains  in  solution 
Sinipionn,  sugar,  ttaoes  of  dtnc  add,  oxypinitannic  add,  and  pinitannie  add.  This 
quid  is  mix^  with  a  few  drops  of  neutral  acetate  of  lead,  which  renders  it  filtrable ; 
t<he  filtrate  is  mixed  with  excess  of  that  reagent,  which  throws  down  oxypinitannate  of 
lead ;  then,  after  another  filtration,  pinitannate  of  lead  is  precipitated  by  the  basie 
acetate;  this  is  also  separated  by  filtration  after  the  liquid  has  cooled ;  and  the  filtrate 
is  saturated  with  sulphydric  add.  The  liquid,  freed  from  sulphide  iA  lead  and  evapo^ 
rated  in  a  stream  of  carbonic  acid,  leaves  a  residue  of  the  consistence  of  an  extract, 
from  which  anhydrous  ether-alcohol  extracts  the  pinipicrin  and  leaves  the  sugar.  A 
small  quantity  of  foreign  matter  is  precipitated  from  the  solution  by  basic  acetate 
of  lead ;  the  filtrate  is  treated  with  sulphydric  add;  the  sulphide  of  lead  is  removed, 
and  the  liquid  evajporated.  By  repeatedly  dissolving  the  reddue  left  afi«r  the  ether- 
alcohol  has  been  distilled  off,  in  fresh  quantities  of  anhydrous  alcohol  oontiuning  ether, 
as  long  as  any  insoluble  matter  is  left,  and  evaporating  the  solution,  pinipicrin  is  at 
length  obtained,  still,  however,  contaminated  with  acetic  add,  which  adheres  to  it  ob- 
stinately, but  may  be  removed  by  agitation  with  a  little  pure  ether  (whidi,  however,  at 
the  same  time,  removes  a  little  pinipicrin).  The  needles,  after  exhaustion  with  alcohol, 
still  retain  a  little  pinipicrin,  which  may  be  obtained  from  the  aqueous  decoction  in  the 
same  manner  as  from  uie  alcoholic. 

iVopfr^Mff.— Pinipicrin  is  a  brieht  yellow  powder,  which  softens  at  65^,  becomes 
viscid  at  80^,  transparent  and  mobile  at  100^,  and  solidifies  on  cooling  to  a  brownish- 
yellow,  brittle,  friable  mass.  It  \b  hygroscopic,  and  has  a  strong  bitter  taste.  It  is 
very  soluble  in  water,  dissolves  also  in  alookU,  etker-aleohol,  and  aqueous  ether,  but  not 
in  pure  ether. 

Pinipicrin  swells  up  strongly  when  heated  on  platinum-foil,  and  leaves  a  difiBcultly 
combustible  charooaL  The  aqueous  solution,  when  heated,  instantly  gives  off  the 
odour  of  eridnol  (ii.  499),  and  is  completdy  resolved  into  this  substance  and  glucose: 

In  contact  with  emvisin,  it  emits  an  odour  of  volatile  oil,  but  the  action  soon  ceases. 
(Kawalier,  Wien.  Akad.  Ber.  xiL  549.) 


ynrXTAinno  ACZS,  C»*H»«0»T?1.  (Kawalier,  Wien.  Akad.  Ber.  xi.  357; 
-jx.  19.)— This  add  occurs,  together  with  thujin  and  thiyigenin,  in  the  green  parts 
of  the  common  Arb&r  irita  (Thuja  oceidentalis),  and  is  preapitated,  partly  from  the 
aqueous  extract,  together  with  thujin,  by  neutral  acetate  of  lead,  partly,  together  with 
thiyigenin,  on  subsequent  addition  of  basic  lead-acetate,— remainin^j  in  solution  when 
these  predpitates  are  decomposed  by  sulphydric  add,  and  the  thujin  and  thujigenin 
have  crystallised  out  The  mother-liquors  are  then  evaporated  to  dryness ;  the  pinitanmc 
add  extracted  by  anhydrous  ether-alcohol ;  the  filtrate  quickly  evaporated  to  dryness 
over  the  water-bath ;  and  the  remaining  add  dried  in  a  vacuum  over  oil  of  vilrioL 

Pinitannie  add  occurs  also,  together  with  oxypinitannic  add  (p.  319)  and  pinipicrin, 
in  the  needles  of  old  Scotch  fir-trees,  and  is  obtained  as  a  lead-salt  in  the  preparation 
of  pinipicrin  (tnd.  sup.),  by  predpitation  with  basic  acetate  of  lead,  after  the  oxypmi- 
tannic  add  has  been  precipitated  by  the  neutral  acetate.    The  washed  precipitate  is 
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decomposed  hj  milphydrie  acid,  and  the  liquid  b  beated  with  the  solphide  ot  lead,  th«K 
filterea,  and  eraporated  to  dryness  in  a  stream  of  carbonic  anhydride. 

Pinitannie  add  is  a  yellow-red,  or  if  prepared  from  Thiga,  a  l«owniah-yeU0wpowder» 
having  a  slightly  bitter  astringent  taste,  bidooming  soft  and  ^Intinoas  at  100^.  It  dia- 
eoWes  readily  in  water,  alcoMf  and  ether;  does  not  precipitate  solution  of  gelatin. 
The  aqueous  solution  coiojoB  ferric  chloride  dark  biown-red,  forms  yellow  preaintatea 
with  neutral  and  baste  acetate  rf"  lead,  and  precipitates  etipHe  sulphate  and  siher-iutrats, 
the  latter  on  addition  of  ammonia.  When  boiled  with  a  ssuU  quantity  of  statmie 
chloride,  it  imparts  a  permanent  yellow  dye  to  woollen  stofb  mordanted  with  alum  oc 
tin-salt. 


CyR^O*:  (Berthelot»  Ann.  Ch.  Phys.  [8]  xlyi.  76;  Chim.  org.  ii, 
213. — Johnson,  SilL  Am.  J.  [2]  zxii.  6;  Gm.  xy.  212.>---A  saccharine  substance 
contained  in  the  sap  of  the  Pinus  Lambertiana  of  California.  It  is  deposited  fiom  the 
aqueous  extract  of  the  crude  hardened  juice^  in  hard  white  radio-crystalline  nodules 
of  specific  gravity  1*52 ;  as  sweet  as  sugar-candy,  very  soluble  in  water,  nearly  insoluble 
in  absolute  alcohol.  It  is  dextro-rotatory,  not  fermentable  and  does  not  reduce  solution 
of  potassio-cuprie  tartrate^  even  after  treatment  with  sulphuric  add.  It  is  decomposed 
by  hot  nitric  add,  with  formation  of  nitro-compounds  and  a  small  ^uanti^  of  oxalic 
acid.  With  an  ammoniacal  solution  of  lead^aeetaie,  it  forms  a  preapitate  oontaininff 
CHiK>*.2Pb''0.  With  acids  it  forms  ethers  analogous  to  the  mannitanidea  and 
duldtanides :  thus  with  bensoie  acid  it  forms  dibencopinite,  CHW*  ■-  CH'K>* 
+  2C*H«0«  -  2H»0,  and  tetrabenzopinite  C^H>K)»  -  C«H>K)»  +  4C*HH)«  — 
2H*0;  and  analogous  compounds  with  stearic  add.  All  these  oomponnda  are  nentraL 
With  tartaric  add,  it  forma  pinitartaric  acid,C**H>H}M  -  CwH>*  -¥  6C«HH)*  — 

6H«0,  which  yields  caldum-salt  containing  C«*H»CaH)».6H»0. 

PnrXTB  ia  also  the  name  of  a  mineral  formed  from  dichxoite  (iL  820)  by  the 
action  of  alluJine  waters.  It  occurs  in  six-  or  twelve-sided  prisms,  with  deavaga 
often  indistinct,  sometimes  basal ;  colour  grey  to  greyish-green  or  brown.  Hardness 
»  2*5.  Like  other  minerala  formed  by  ^composition  of  dichroite,  it  is  not  perfectly 
definite  in  composition,  but  exhibits  various  stages  of  transition  between  dichroite  and 
mica. 

Analyses:  a.  From  near  Schneebeis  in  Saxony:  blue-green  mass  covered  with  a 
micaceous  crust  (which  was  removed  as  completely  as  possible  previously  to  the 
analysis)  (Rammelsberg,  Mineralchtmie,  p.  836).— 6.  From  Penig  in  Saxony* 
similar  to  the  preceding,  but  with  a  red  crust  rich  in  ferric  oxide  (Rummelsberg). 
e.  From  Stolpen  in  Saxony:  so  called  prismatic  mica;  red  (Massalin,  Trommsd. 
N.  J.  iy.  2,  324). — d.  From  Saxony;  specific  gravity  »  276  (Marignac,  BibL  univ. 
1847,  iv.  157). — ty  From  Auvergne;  a.  C.  Gmelin  (Eastn.  Arch.  i.  226);  fi.  From 
St.  Pardoux  (Bammelsberg);  y.  Specific  gravity  «  2*74  (Marignac).—/.  From. 
Mont  Breven  in  the  valley  of  Chamounix;  specific  gravity  *  2'84  (Marignac).~> 
g.  From  Diana,  New  York:  green  six-dded  prisms  of  specific  gravity  2'75;  deoom- 
posible  by  adds  (Brush,  J.  pr.  Chem.  Ixxv.  453). 

0.  b.  c.  A,  e.  f,  g, 

*•— " -^         ■  ■>■ 

SiHca        ....       46-38       47-00       45-0       4fi  10       M%       48'9a       47%)       44*70       4ft>65 


Alomfoa  . 
Ferric  oxUe 
Magnesia 
Lime       • 
Pota«h     . 
Soda 
Water     . 


Tr-&  S8  86  aO-0  8S-46  S5*4S  iS>99  SI -SO  81*64  SHJl 

8-71  7-86  18-6  4*37  8*A1  8*49  S-SS  6-57  0-98 

1-08  8  48  8-86  3-76  1-41  8*86  8  38 

0-49  0-79  0*91  0>99  .    .  8-48 

6>Aa  10-74  18-4  9-00  7*89  9  14  9'06  7*89  811 

0-40  1-07  .  .  0-46  0*88  .  .  1*78  0-96  1*06 

7*80  8-83  .  .  5*45  1-41  4-27  5*03  6-38  7  88 


99-48      108-13      100-0      100*00      100-39      100*03      100*00      100*00      100*44 

^  This  name  is  applied  to  certain  minerals  more  or  less  resembling 
pinite  in  composition  and  phydcal  characters. — a.  Greyish-green  or  greenish-white 
nodules  of  crystallo-granular  structare,  specific  gravity  2*7888,  and  hardness  about  2  5, 
occurring  in  the  felsite-tufa  of  the  Zeisigwald  near  Chemnitz  (A.  Knop,  Jahreeb.  1859, 
p.  794).— -A.  Pseudoroorphs  after  felspar  occurring  in  decomposed  porphyry,  from  the 
Klitzschmuhle  near  Oberwiesa  (after  separation  of  the  felspar-sand  by  levigation) 
(Knop). — c.  A  fine-snlintery  decomposition-product  of  oligodase  (hardness  =  2*5), 
imbedded  in  the  porphyritic  granite  of  Sasbachwalden  in  the  northern  part  of  the 
Black  Forest  (F.  Sandber^er,  Jahresb.  1861,  p.  lOOS).^d.  A  mineral  forming  the 
substance  of  vegeUble  petrifactions  in  the  phylHte  of  Petit-Cceur  in  the  Tarantaise, 
Savoy  (Terreil,  Jahresb.  1861,  p.  1008) — e.  A  li^ht  green  or  white  substance  of  the 
condstence  of  kaolin,  occurring  in  clefts  of  a  slate  imbedded  in  the  spiriferous  sand- 
stone of  Ems  in  Nassau  (E.  Her  get,  Jahresb.  1862,  p.  822) : 
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BIO*.  A1>0*.    F«S0S.  FeO.  MgO.     CaO.  K*0.    NaH>.  VO  PH)«. 

o.    4777  82-66      .  .  894  0-49       .  .  6-86     1-60  4-19  -  101'40 

h.     64-66  28-77       .  .  432  112       .  .             4*92  6-22  »  100 

€.     60*43           28-89  .  .  3-48      .  .  612    8-68  6*84  -  97*44 

d.    60-00  86*46     0*87  .  .            0*46  6*01     .  .  7*96  trace     -  100-24 

«.     6316  83-66      .     .  .  .  0*17     0*21  4*70     .  .  8*21  a  100 


A  volatile  oil  produced  by  the  distillatioii  of  American  pine-ieoin,  and 

used  as  an  illuminating  materiaL 


The  Stone  Pine  (Pinus  Pieea)  groTring  in  the  eonth  of  Europe,  jielda 
lai^e  oblong  oleaginous  seeds  (called  pi^nons  hj  the  French)  which  are  used  as  food ; 
their  nntritiTe  power  in  the  dr^  state  is  abont  equal  to  that  of  walnuts ;  but  in  the 
fresh  state  they  are  more  nutntive  than  fresh  walnuts.  According  to  Pay  en  (Bull. 
Soc.  Ghim.  1866,  i  236),  they  contain  6*71  per  cent,  water,  42*60  &t  oil,  39  46  nitro- 
genous matter  (nitrogen  6*44),  0*60  oelluloee,  and  traces  of  starch,  and  4*14  inorganic 
matter.    The  seeds  exhausted  of  oil  yield  11*87  per  cnnt.  nitrogen  and  9*04  ash. 

The  ash  of  Pinua  Mughus  and  P.  Pumilio,  and  the  soils  on  which  they  grow,  have  been 
analysed  byH.8.  Jobson  (Ann.  Ch.  Pharm.  zct.  226 ;  Jahresb.  1856,  p.  709);  the 
latter  also  by  Witt  stein  (Jahresb.  1862,  p.  611);  the  ash  of  Pinus  sylvestria  by 
Heyer  and  Vonhausen  (Ann.  Ch.  Pharm.  IzzxiL  180;  Jahresb.  1862,  p.  798). 

Bespecting  the  oils  obtained  from  Tarious  kinds  of  pine,  see  page  648.  For  the 
Tarious  resins  and  other  substances  obtained  from  the  bark  and  needles  of  Pinits 
tylvestriSj  see  Eawalier  (Wien.  Akad.  Ber.  xi.  344;  Ann.  Ch.  Pharm.  Izxxriii  360 ; 
Jahresb.  1863,  p.  670;  Gmelin's  Handbook,  xt.  33,  487 ;  zvi.  26);  also  the  articles 

CbHOFIC  AoID,    COBTBPlNITANinO    AciD,   EsiCIKOL,    KiNOTOUS    AciD,   OxYPDnTAMKIQ 

Acid,  PHLOBAPHX?ni,  Pms-BBSurs,  PnnooBRimN,  Pinioobtaknio  Acid,  Pikipicbin, 
PnoTAKMic  Acid,  TAKMsooBTipnao  Acid,  and  Tamicopic  Acid,  in  this  Dictionary. 

PZOTZO  ACZB.    Syn.  with  Mbtajcaboabio  Acid  (iii  976). 

FZOTOV8  ACZB.    Syn.  with  Htdbohaboabitic  Acid  (iii.  205). 

VZPMB.  Black  pop^r  (Piper  niffntm)  yields  a  Tolatile  oil,  having  the  composition 
of  turpentine-oil,  and  boiling  at  167-6°.  Spedflc  gravity  of  the  oil  «  0*864  ;  of  the 
Tapour  aa  4*73.  The  oU  absorbs  a  large  quantity  of  hydrochloric  acid,  without  forming 
&  crystalline  compound.    ^Soubeiran  and  Capitaine,  J.  Pharm.  1840,  p.  65.) 

The  root  of  Piper  metnysticum,  or  Eawa,  has  been  already  described  under  the 
latter  name  (iii.  445). 

PXVasZC  ACm,  C"H»0^  (Von  Babo  and  Keller,  Dissertation  von 
C,  Keller,  Freiberg,  1856,  p.  16.— Strecker,  Ann.  Ch.  Pharm.  cv.  317;  cxviii. 
280. — G.  C.  Foster,  Chem.  Soc  Qu.  J.  xv.  17. — Gm.  xv.  7.)— An  acid  produced, 
together  with  piperidine,  by  boiling  piperine  with  potash : 

C"H'»NO«  +  H«0     -     C"H>»0«  +   C*H"N. 

Pipeline.  Piperic  PImiI' 

acid.  dine. 

Preparation, — 1  part  of  piperine  is  boiled  with  3  pts.  of  potassium-hydrate  and  16 
to  20  pts.  absolute  alcohol,  the  liquid  which  distils  over  being  continually  poured 
luick  and  the  process  continued  for  twelye  hours,  or  till  a  sample  of  the  mixture  t^en 
out  of  the  retort  is  no  longer  precipitated  by  water  (Y .  Babo  and  Keller);  or  better, 
equal  weights  of  pipeline  and  potassium-hydrate,  with  as  much  strong  aJcohol  as 
is  requirea  to  dissolve  both,  are  heated  for  four  or  five  hours  to  100°  in  a  closed 
yessel  (Foster).  The  crystalline  plates  of  potassic  piperate  which  are  thereby  pro- 
duced in  abundance,  are  separated  from  the  brown  mother-liquor,  purified  by  repeated 
crystallisation  from  a  small  quantity  of  boiling  water,  with  help  of  animal  charcoal ; 
then  dissolved  in  water  and  decomposed  by  dilute  hydrochloric  add ;  and  the  acid, 
which  separates  as  a  jelly,  is  collected,  washed,  and  purified  by  rep«ited  crystallisation 
from  alcohol.  Another  method  is  to  neutralise  the  aqueous  solution  of  the  impure 
potassium-salt  with  acetic  acid,  mix  it  with  a  small  quantity  of  solution  of  acetate  of 
lead,  separate  the  lead  dissolved  in  the  filtered  liquid  by  sulphydric  acid,  filter  again, 
and  evaporate  to  the  crystallising  point.    CV,  Babo  and  Keller.) 

Properties. — Piperic  acid  forms  yellowish  capillary  needles ;  in  the  moist  state,  a 
sulphur-yellow  jelly  which  shrinks  on  drying.  Melts  at  160°,  sublimes  at  about  200°, 
partly  unaltered,  emitting  an  odour  of  coumarin,  and  leaving  a  brown  fused  residue. 
Its  reaction  is  scarcely  acid  (V.  Babo  and  Keller).  It  is  nearly  insoluble  in  water; 
dissolves  in  270  pts.  of  cold  absolute  alcohol,  easily  in  the  same  liquid  at  the  boiling 
heat ;  sparingly  in  ether,  scarcely  at  all  in  sulphids  of  carbon  or  roeJc-oU  ;  somewhat  more 
easily  in  benzene, 

JkoomposiHons,^-!,  Piperic  add  bums  when  heated  in  contact  with  the  air,  emitting 
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an  odour  of  anue,  and  leaTuig  a  difficultly  ooDLboBtible  cbarcoaL — 2.  Niueent  h^drogm 
(aodinm-amalgam)  conTorta  it  into  h7dzD-pif)eric  acid  (p.  654)  (Foster). — t.  Oil  qf 
vUrioi  colonn  it  blood-red,  and  then  chars  it — 4.  When  treated  with  ioaiM,  hrondne^ 
or  ckhrine,  it  fonna  8abstitation-pioduct8.--6.  Concentrated  kydriodio  add  wcAm  npon. 
it»  eyen  below  100^,  prodncing  carbonic  acid,  and  a  blade,  imcnratalliaable,  hnmna-fi^e 
aabetance  (Foster). --6.  In  contact  with  pentackloride  of  phoBpkarua,  it  aoqniies  a 
▼ennillion-red  colour,  and  deliqaesces  after  a  few  days,  forming  ozyehloride  of  phos- 
phoms,  and  yielding  Termillion-coloored  crystak.  If  the  cirstaLi  obtained  by  the 
action  of  pentachlonde  of  phoephoros  on  piperic  add  be  mixed  with  piperidine,  a 
sabetanoe  is  formed  which  is  insolnble  in  water  and  potadi4ey,  bat  ■olaoie  in  alzong 
hydrochloric  add,  alcohol,  and  ether. — 7.  Nitrie  ind,  even  when  dilate^  oonverta 
piperic  add  into  an  orange-ooloored  nitro-ooinpoand,  which,  when  heated  with  potassium- 
hydnte,  gireaoffanodoorof  ooumarin  (V.  Babo  and  Keller). — 8.  Piperic  add  added 
to  fmed  potassium' hydrate  containing  a  little  water  in  excess,  is  at  first  disstdyed ;  the 
mixture  then  turns  brown,  and  giyes  off  hydrogen,  and  a  mass  is  formed  oontaining 
protoeateehuate  [?  hypogallate,  p.  464],  acetate,  oxalate,  and  carbonate  of  potasnum, 
with  a  comparatiyely  small  quantity  of  a  humus-like  body,  probably  a  product  of 
the  deoompodtion  of  the  protocatechuate.    The  reaction  is  probably 

C'«H»«0*  +  8H»0   «   (?H«0*  +  C?H*0»  +  C«HK)«  +  C0«  +   7H».   (Strecker.) 

Plperio  Protocate*         Ac«t1c  Oxalic 

add.  chuicadd.  add.  acid. 

Piperates. — ^Piperic  add  is  monobasie,  the  general  formula  of  its  salts  beina 
C»«H»MO*  or  C»«ir»]Mr'0».  ^^ 

Piperats  of  ammonium,  C»«BP(NH*)0*,  forms  colourless  satiny  scales  lesembling 
choleeterin.  It  gives  off  ammonia  slowly  in  moist  air  at  ordinaiy  temperatures,  more 
quickly  between  100^  and  160<>,  and  decomposes  between  180^  and  200°,  emittinff  an 
odour  of  anise  (V.  Babo  and  Keller).— i^afe  of  potassium,  C««H»KO*,  obtaued 
as  already  described,  or  by  dissolying  the  acid  in  potash-ley,  forms  yellowish-white, 
silky  lamine,  probably  belonging  to  the  trimetric  system.  When  heated  it  glows 
and  emits  an  odour  of  anise,  and  when  subjected  to  dzy  distillation,  yields  a  small 
quantity  of  tar  containing  phenol,  and  leayes  a  mixture  of  charcoal  and  carbonate  of 
potasdum.  It  dissolyes  sparingly  in  cold,  easily  in  boiling  water,  sparingly  in  alcohoU 
and  is  nearly  insoluble  in  ether  (V.  B  abo  and  Keller).— The  tM&'iim-MiTupcedpitated 
on  disBolyinff  the  add  in  hot  soda^ley,  and  cooling,  as  a  white  czystalfine  powder 
sparingly  soluble  in  cold,  easily  in  hot  water,  and  predpitated  fiom  the  aqueouB 
solution  by  aloohoL  -^x'-^^  . 

The  barium-salt,  0*'H'*Ba"0",  is  obtained  by  predpitation,  as  a  loosely  coherent 
mass  of  microscopic  needles,  dissolving  with  partial  deoompodtion  in  about  6,000  pts. 
of  cold  water,  more  soluble  in  hot  water.  It  is  oompletdy  decomposed  by  passuur 
carbonic  add  through  its  aqueous  solution.    (Foster.)  * 

The  calcium-salt  forms  slender  needles,  somewhat  more  soluble  than  the  barium-aalt. 
—The  strofUium-salt  is  a  white  predpitate.     (V.  B  a  b  o  and  K  e  11  e  r.) 

The  cadtnium^salt  is  a  white  powder;  the  cobalt-salt  is  rose-coloured;  the  nieJkel' 
salt^  light  g^wen  and  insoluble ;  the  cupric-salt  is  predpitated  in  slender  sW-blue 
needles  on  mixing  the  potassium-salt  with  cupric  sulphate,  more  abundantly  on  addi- 
taon  of  ammonia.— The  ferrous  salt  is  yellowish-white,  insoluble,  easily  oxidisable.— 
The  lead-salt  is  a  yellowish  predpitate,  which  dissolves  slightly  when  heated,  and 
separates  as  a  white  crystalhne  powder  on  cooling.— The  magnesium-salt  separates 
after  a  few  days  in  slender  needles,  from  moderately  dilute  solutions  of  piperate  of 
iwtassium  and  chloride  of  magnedum.~-The  manaanous-saU  forms  small,  yellowisfa, 
silky  laminae.— The  mercuric-salt  is  a  yellowish-white  predpitate,  from  which  potash 
separates  mercuric  oxide— The  mercurous-salt  is  a  white  predpiute  reduced  by  am- 
monia.—The  silver-salt,  C'«H«AgO*,  is  obtained  as  a  colourless,  scarcely  crystolline 
powder  bf  preapitatine  nitrate  of  silver  with  piperate  of  potasrium.  It  is  insoluble  in 
water  and  in  alcohol;  does  not  lose  weight  at  lOO®.— The  ««s»a;<  is  a  yellowish-white 
curdy  precipitate.    (V.  Babo  and  Keller.) 

1  ,f  ^^'^'^il^i*'  ^I'^^^o  (?•  C./08ter,  Chem.  Soc  Qu.  J.  xv.  19 ;  0m.  xy. 
11).— This  acid,  which  contains  2  at.  hydrogen  more  than  piperic  add,  is  produced  by 
the  action  of  «x^um-amatem  on  the  latter.  When  an  aqueous  solution  of  potaasic 
pipCTate  IS  treated  mth  sodium-amalgam  at  a  gentle  heat  for  some  hours,  the  Edition 
of  hydbwjhlonc  acid  precipitates  hydropiperic  add  in  oily  drops,  which  gradually 
solidify  on  standing.  It  may  be  purified  by  crystallisation  from  a  large  quantity  of 
boUinfif  water,  or  by  soluUon  in  alcohol  and  treatment  with  animal  charcoal 

ffydropipenc  add  is  colourless ;  tastdess  at  first,  after  a  time  somewhat  burning. 
As  deposited  from  boiling  water,  it  forms  long,  exceedingly  thin,  dlky  needles  •  l^ 
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spontaneous  evaporation  of  its  ethereal  eolation,  it  maj  be  obtained  in  tolefablj  lavse 
hard  ciyetala,  apparentlj  monodinie,  and  moetij  hemitropic.  It  melts  at  68<>  or  64° ; 
solidifies  at  about  66^ ;  not  Tolatile  without  decomposition.  It  is  vexr  dightlj  soluble 
in  cold  water,  somewhat  more  so  in  hot  water;  the  hot  saturated  s^tion  resets 
strongly  add ;  and  on  cooling  deposits  the  acid  in  oilj  drops,  as  lonff  asiis  temperature 
18  -aboTe  the  melting  point  of  the  latter ;  the  rest  separates  in  long^  thin  erystals 
(vid.  n^.y.  The  add  dissolTes  in  all  proportions  in  aleokol,  and  is  veiy  soluble  in 
etker. 

When  keaUd  somewhat  above  its  mdting  point,  it  gives  off  white  Amies,  whidi, 
when  diluted  with  mudi  sir,  smell  like  oil  of  anise,  and  leave  a  •muli^  easily  com- 
bustible, carbonaceous  add.— Strong  kydriodio  acid  decomposes  it,  bdow  100°,  into 

carbonic  acid,  and  a  black  humus-Eke  body,  soluble  with  olack  colour  in  ^.l^iu 

Fuming  nitric  acid  colours  it  blood-red ;  ordimary  nitric  acid  diluted  with  its  own 
bulk  of  water,  acts  violently  upon  it  if  gently  heated,  giving  a  solution  fiom  which 

water  predpitates  a  semiiluid  nitro-add.— (W  0/  vitriol  colouis  it  blood-red. Fused 

with  excess  of  kydraied  alkali,  it  evolves  much  gas,  and  the  brown  fused  mass  exhibits 
the  reactions  of  h^pogallie  add  C'HH)^,  obtained  by  the  action  of  hydriodic  add  on 
hemipinic  add  (iii.  Ii2»  239) ;  see  also  DBCX>MFoaiTiONS  or  Fmnic  Aom  (p.  664).— 
With  chloride  of  acetyl  at  IfiO*',  it  yields  hydrochloric  add  and  a  neutral  oil,  insoluble 
in  vrater  and  dilute  alkalis. 

Hydropiperates,  C"H»»MO<andC"H!"«M"0».  Thetf»«oji««w.#afl;0««H"(NH«)0*, 
crystallises  nom  hot  water  in  small  shining  scales ;  it  is  easily  soluble  in  hot  water, 
connderably  less  soluble  in  cold.  A  strone  aqueous  solution  can  dissolve  moi«  hydro* 
piperic  acid,  forming  a  solntion  from  whidi  water  predpitates  the  excess  of  add,  and 
which  gives,  if  saturated,  an  almost  solid  mass  of  hydropiperate  of  ammonium,  on 
addition  of  strong  aqueous  ammonia. — An  acid  potaBeiumsalt,  C^H^JtO*  «• 
G<«H"KO^O"Hl*0^  is  obtained  by  boiling  a  solution  of  hydropiperie  add  in  nearly 
absolute  alcohol  with  dry  eaxbonate  of  potassium.  It  crystallises  on  cooling  in  hemi- 
spherical masses  of  radiating  needles. 

The  barium-ealt,  C'lH^'Ba'O*,  crystallises  from  boiliog  water  in  small  bunches  of 
needle-shaped  crystals. 

The  oaldrni-ealt,  C^BPOoTO*,  is  prepared  by  boiling  the  add  with  milk  of  lime, 
filtering  hot,  and  separating  the  excess  of  lime  by  carbonic  add ;  or  by  predpitating  a 
rather  strong  solution  of  the  ammonium-salt  with  chloride  of  caldmn.  When  purified 
by  crystallisation  fiom  a  mixture  of  2  pts.  water  and  1  pt.  alcohol,  it  forms  small 
needle-shi^)ed  crystals,  slightly  soluble  in  cold  water,  more  soluble  in  hot  water,  but 
partially  decomposed  by  it.    The  crystals  contain  water,  which  they  lose  at  100°. 

The  eUver^t,  C^^H^AgO*,  is  a  crystalline  predpitate,  almost  insoluble  in  cold 
water,  eadly  altered  by  exposure  to  light,  or  by  solution  in  hot  water. 

The  hydropiperates  of  the  other  metals  are  mostly  predpitates  insoloble  in  cold 
water. 

Hydropiperate  of  Ethyl,  C'*ff«0*  «  C»H"(C«H»)0*,  is  obtained  by  heating  a 
solution  of  hydropiperie  add  in  absolute  alcohol  saturated  with  hydrochloric  add  for 
4  or  5  hours  to  130^  in  a  sealed  tube,  and  purified  by  solation  in  ether  and  treatment 
with  animal  diarcoaL  It  is  a  brownish-yellow,  neutral  liquid ;  heavier  than,  and  inso- 
luble in,  water;  not  altered  by  dilute  a<^ueous  potash  or  ammonia,  but  decomposed  by 
gaseous  ammonia,  probably  with  formation  of  hydropiperamide,    (Foster.) 

FSVSBZBZVa.    OH"N  »  ^^^'*)'|n.    (Wertheim,  Ann.Ch.Fharm.lxxv. 

68. — ^Anderson,  Urid.  Ixxv.  82 ;  Ixxxiv.  345.— Cahours,  Ann.  Ch.  Fhys.  [3]xxxviii 
76. — ^Von  Babo  and  Keller,  J.  pr.  Chem.  Ixxii.  63. — Gm.  x.  446;  xv.  13.) — A 
volatile  base  produced  by  the  action  of  alkalis  on  piperine.  The  jraoduction  of  a  vola- 
tile base  by  heating  piperine  with  soda-lime  was  first  noticed  by  Werthdm  and  Bocb- 
leder,  who  at  first  mistook  it  for  aniline,  afterwards  for  picoline.  Anderson  and  Cahours 
obtained  the  same  base  independently  of  each  other,  ana  recognised  its  separate  identity. 
Its  chemical  relations  have  been  investigated  chiefly  bv  Cahours. 

Preparation, — 1.  When  1  pt  of  piperine  is  distilled  with  2^  to  3  pts.  of  potash-lime 
in  a  retort  connected  with  a  cooled  receiver,  a  distillate  is  obtained,  consisting  of  water, 
two  distinct  volatile  bases,  and  a  neutral  substance  having  an  agreeable  aromatic 
odour.  When  this  crude  liquid  is  treated  with  fragments  of  caustic  potash,  a  light  oilv 
substance  separates,  having  a  etronff  ammoniaeal  odour,  and  dissolving  in  water  in  aU 
proportions.  This  oil,  when  distilleo,  passes  over  almost  wholly  between  106°  and  108^, 
but  towards  the  end  of  the  distillatioD,  the  thermometer  rises  quickly  to  210°,  and  there 
remains  stationaiy.  The  more  volatile  product,  which  forms  more  than  ^  of  the  crude 
liquid,  distils  over  entirely  at  106°  when  rectified:  this  liquid  is  piperidine  (Cahoun). 


656  PIPERIDINE. 

2.  Piperine  treated  with  nitric  add  erolTM  red  ftunea,  and  fonna  a  anlMtanee  lia:Ting 
an  odour  of  bitter  almond  oil,  and  a  brown  resin,  which  disaolTes  with  blood^red  cobmiv 
in  potash,  and  when  boiled  with  that  substance^  yields  piperidine  in  the  form  of  a 
Tolatile  liquid  (Anderson). — 3.  Piperine  is  decomposed,  as  directed  at  pase  668,  bj 
boiling  with  alcoholic  potash,  into  piperidine  and  piperate  of  |>otafl8inm ;  and  the  mother- 
liquor  separated  from  the  crystau  of  that  salt  is  distilled  into  a  recaiTer  containing 
hydrochloric  add,  wherebjr  hydrochlorate  of  piperidine  is  obtained. 

PropertieB. — Piperidine  is  a  colourless,  yery  umpid  liquid,  having  a  strong  ammoni* 
acal  odour,  but  rMalling  also  that  of  pepper,  and  a  xeiy  caustic  taste  (Anderson^ 
Blues  reddened  litmus  strongly.  BoUsat  106^.  Yaponi^enaity  »  2*968  (Gab ours); 
calc.  (2  Tol.)  »  2*946.  It  aiBSoly««  in  all  proportions  in  waUr,  forming  a  strongly 
alkaline  liquid  which  reacts  with  saline  solutions  like  ammonia,  excepting  that  it  does 
not  redissolve  the  oxides  of  sine  and  copper.  Piperidine  dissolves  also  in  aicokol;  it 
coagulates  wMte  of  tga  alteir  a  quarter  of  an  hour. 

Sitrou*  acid  acts  violently  on  piperidine,  forming  a  heavy  aromatic  liquid.  Vapouf 
of  cyame  add  passed  into  piperidine  forms  piperylene-carbamide  (piperyl-urea) : 
G"H"N  +  CNHO  «  C*H>*N*0.  .  CyanaU  of  methyl  and  cyanate  of  ethyl  form 
dmilar  compounds,  with  1  at  H  replaced  by  1  at.  methyl  or  ethyl  (see  Carbamidb,  i. 
T67). — 8.  'Wiihiodideofmeth^,  efdorideofbentoyl^  &c.,it  forms  substitution-products 
containing  1  at  of  an  alcoholic  or  add  radide  in  place  of  I  at  hydrogen  (p.  667). 

Salts  of  Piperidine. — ^Piperidine  saturates  the  strongest  adds,  and  forms  crys- 
talline salts  wiui  sulphuric,  hydriodic^  hydrobromic^  hydrochloric^  nitric  and  oxalic 
adds.    (Cahours.) 

The  hydrochlorate  forms  long  cblourlesa  needles,  easily  soluble  in  water  and  alcohol, 
Tolatilising  at  a  moderate  heat  and  not  altered  by  exposure  to  the  air.  The  aolution 
forms  with  trichloride  of  gold  small  needles  of  a  fine  yellow  colour,  and  with  tetrachlo^ 
ride  ofplaiimtm,  long  orange-cobured  needles,  2(C»H"N.HCl)JPt"Cl*,  very  soluble  in 
water,  leas  soluble  in  alcohol  (Cahours).  WiUi  diehloride  of  pkUinum  piperidine 
forms  the  compound  ^C*H"N)'Pt''Cl',  the  solution  of  which  in  a  huge  quantity  of 
bdlinff  water  depodts  the  pipendine-compound  analogous  to  Magnus's  green  ammonio- 
chloride  of  platinum.    (S^  Pultimxth-basbs.  ) 

HydriodaU  of  Piperidine,  G*H'*N.HI,  crystallises  in  long  needles  resembling  the 
hydrochlorate. — The  nitrate,  C»H"N.HNO«,  forms  small  needle-shaped  ciy8tals.---Tho 
Malate  forms  delicate  needles. 

Piperate  of  Piperidine,  C«H»>N.C"H»«0*,  is  obUined  b^  dissolving  piperic  add  in 
aqueous  piperidine,  as  a  ciystalline  pulp,  and  on  dilution,  in  colourless  lamina  having 
a  silky  lustre.  In  contact  with  the  air  or  with  oil  of  vitriol,  it  turns  yeUow  from  loss 
of  piperidine.  ^  It  mdts  at  100^  without  further  alteration,  and  when  strongly  heated 
gives  off  piperidine  and  decomposes.  When  heated  for  some  time  to  160®,  it  becomes 
paitiaUy  insoluble  in  water,  but  if  then  dissolved  in  an  alkali,  it  yields  unaltered  pipene 
add  when  decomposed  by  adds.  With  pentaohloride  of  phosphorus,  it  bdiavea  ^e 
piperic  acid.    (Babo  and  Keller.) 

The  sulphate,  (C»H»>N)«H«SO*,  obtained  by  saturating  the  base  with  sulphuric  add, 
IS  crystalBsable,  deliquescent,  and  very  soluble  in  water.  A  solution  of  1  at.  of  thia 
salt,  boiled  with  2  at  cyanate  of  potasdum,  yields  piperylene-carbamide  and  sulphate  of 
potassium: 

[(C5*H")'mf]«BnS0*   +    2[^''[n]    -  2  f  ^^^  In]    +  K«SO*. 
Compound  of  Piperidine  with  Carbonic  IHstdphide,  (C»H"N)«CS",  or  P^eryl-sulphocar- 

hamaU  of  Piperylcne-ammonium,    (C8y    >g. —This  compound  is  obtained  by  carefully 

dropping  sulphide  of  carbon  into  piperidine,  and  crystallimng  the  piwluct  fi»m  alcohoL 
It  ciystaUises  in  slender  needles  belonging  to  the  monodinic  system. 

SubstitutionrderivoHves  qf  Piperidine. 
a.  Containing  Alcohol-radides. 

Piwsridine  exhibits  the  characters  of  a  secondary  monamine,  inasmuch  as,  when 
heated  with  the  iodide  of  a  monatomic  alcohol-radicle,  it  yields  the  hydriodate  of  a 
volatile  ammonia-base,  which  when  separated  by  potash,  and  heated  with  a  monatomio 
alcoholic  iodide,  unites  directly  with  it,  forming  an  iodide  of  an  ammonium-base.    Its 

formuU  is  therefore  probably  ^^'5**^'  [n. 
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Metbyl^^peridliie.  C^i'N  »  (OH<«y'(0H*)N.--The  hydriodaU  is  obtained 
by  dropping  piperidine  into  an  eqoal  voLnme  of  cooled  iodide  of  methyl : 

{O^WyKS  +  cm     -     (C*H"r(CH»)N  +  HL 

The  aqneona  solution  of  this  salt  treated  with  potash  yields  the  base  as  a  transparent 
oil  of  aromatic  and  ammoniacal  odour,  soluble  m  water,  boiling  at  118^,  and  haying  a 
Taponr-densitj  of  3*544 ;  calc.  »  8*431.— The  hydrocMorate,  C*H**N^C],  forms  fine 
ooburless  needles.— The  ekloro^jUaiinate,  2(C•^"N.Ha).PtCl^  is  obtained  by  sponta- 
neous evaporation  of  its  alcoholic  solution,  sometimes  in  needles,  sometimes  in  orange- 
coloured  plates.    (Oah  o  u  r  s.) 

Iodide  o/Dimethyl'piperylene-ammonium,  (?H»«NI  -  (C»H>«)"(CH»)*NL 
— ^Methyl-piperidine  and  icidiae  of  methyl  heated  together  for  some  days  to  100°  in  a 
sealed  tube,  unite  and  form  this  compound,  which  separates  from  alcohol  in  fine  crystals, 
and  when  heated,  either  alone  or  with  solid  potasn,  partly  Tolatilises  undecomposed, 
and  is  partly  reeolyed  into  methylic  iodide  and  methyl-piperidine.    (Cahou>s.) 

■ttajn-^peridlne.  CrH'»N  -  C»ff*(C«H»)N  -  (C«H'*nC»H»)N.— The  Ayrfrt- 
odate,  prepared  like  the  corresponding  methyl-compound,  yields  the  base  by  distillation 
with  potash,  as  a  colourless  mobile  oil,  less  aromatic  than  methyl-piperidine ;  b'ghter 
than  water,  in  which  it  is  less  soluble  than  methyl-piperidine,  i^asily  soluble  in  alcohol 
and  ether.    Boils  at  128°.    Vapour-density,  obs.  »  8*986 ;  ode  »  8*917. 

The  hydroeklorate,  CH^'N.HCl,  forms  beautiful  highly  lustroos  needles.— The 
clUoropUiHnaUt  2(G'Hi'N.HCl).FtCi*,  crystallises  from  warm  aqueous  alcohol  in  very 
beautiful  orange-coloured  crystals. 

Iodide  of  Diethyl-piperylene-ammonium,  C^H^NI  «  (C*Wy((yH.*YNl. 
— Obtained  like  the  corresponding  methyl-compound,  as  a  viscid  mass,  which  dissolves 
in  all  proportions  in  water,  but  does  not  crystaUise.  In  contact  with  oxide  of  silver,  it 
yields  iodide  of  silver,  and  a  bitter  alkaline  solution  which  yields  hy  evaporation,  deli- 
quescent crrstals  of  hydrate  of  diethyl-pM^erylene-ammoniunif  resolvable  by  heat  into 
ethvl-pipendine  and  a  combustible  ^.  This  hydrate  dissolves  in  hydrochloric  acid, 
and  the  solution  when  evaporated  yields  deliquescent  crystals  of  the  kydrochiorate. — 
The  ehloroplatinate,  2C*H'*NCLFtCl^  is  precipitated  on  mixing  the  hydrochlorate  with 
aqueous  tetrachloride  of  platinum,  or  crystallises  on  cooling  from  a  mixture  of  the 
boiling  dilute  solutions,  in  small  orange-coloured  crystals  resembling  chloroplatinate  of 
potassium.    (Cahours.) 

AmjUvipwUtme,  G>«H"N  -  (G*HM)'XG*H")N.— Frepazed  like  the  preceding 
compounds.  Colourless  oil,  boiHng  at  186°,  and  smelling  like  ammonia  and  fdsel-oil. 
Vapour-density,  obs.  »  5*477 ;  calc  »  5*373.  It  is  less  soluble  in  water  than  methyl- 
or  ethvl-pipendine;  forms  crystallisable  salts  with  most  acids.  The  kydriodate, 
C^*H**if.Hl,  crystallises  in  broad,  white,  shining  laminae.  The  ehloropiaiinate, 
2(C^*H"N.HC1)  J^Cl*,  crystallises  from  warm  moderately  dilute  alcohol  in  very  hard 
prisms  of  a  fine  orange  colour.    (Cahours.) 

0,  Containing  Acid-radicles. 

B«iiaoptp«Hde,  C>«H»NO  -  C»H)«(C'HK))N.— By  treatuw  piperidine  with 
chloride  of  benzoyl,  a  heavy  oil  is  obtained  which,  when  treated  with  acidulated  water, 
yields  hydrochlorate  of  piperidine,  while  benzopiperide  remains  undissolved,  and 
quicklv  solidifies.  When  purified,  by  recrystallisation  from  alcohol,  it  forms  beautiful 
oolourless  prisms. 

ChuijrKplpeHde,  C*«H"KO  »  C*Hi^C>*Hi>0)N,  obtained  like  the  preceding^ 
by  the  action  of  chloride  of  cumyl  on  piperidine,  forms  beautifnl  tabular  crystals. 


See  Casbamidis  (i.  767). 

C»'H>*NO».    (Oersted,  Schw.  J.  xxix.  80.— Pelletier,  Ann.  Ch. 

Phys.  [2]  xvi.  844;  li.  199 Merck,  Trommed.  N.  J.  xx.  1,  84.— Wackenroder,  Br. 

Arch.  xKxvii  847.— Duflos,  Schw.  J.  Ixi.  2*2.— Varrentrapp  and  Will,  Ann.  Ch. 
Pharm.  xxxix.  283.— Th.  Wertheim,fWd.  Ixx.  58.— Gerhardt^  Compt  Chim.  1849, 

p.  375 ;  Ann.  Ch.  Phys.  [3]  vii  253 Anderson,  Ann.  Ch.  Pharm.  Ixxv.  82;  Ixxxiv. 

345. — Cahours,  Ann.  Ch,  Phys.  [3]  xxxviii.  76. — Sten house,  Ann.Ch.  Pharm. xcv. 
106. — Von  Babo  and  Keller,  J.  pr.  Chem.  Ixxii.  53.— Strecker,  Ann.  Ch.  Phwrm. 
cv.  317.— Om.  XV.  19.— Gerh.  iv.  93.) 

This  alkaloid,  discovered  by  Oersted  in  1819,  exists  in  long  and  black  pepper  (Piper 
nianim  and  P.  lonaum),  also,  according  to  Stenhouse,  in  the  black  pepper  of  Western 
Africa,  Cfubeba  dueiit  which  does  not  contain  cubebin.  According  to  Landerer 
(Vierteyahrschr.  pr.  Pharm.  xi.  72),  it  exists  also  in  the  berries  of  ScMnue  moUie^  » 
tree  belonging  to  the  terebinthaceous  order, 
i  Vol.  IV.  U  U 
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JPrvpOftiMm.— White  pe^yper  is  ezbiiuted  with  alcohol  of  FpeeiAc  gravity  0833 ;  -the 
tincture  is  distilled  to  an  extract ;  and  this  extract  is  mixed  with  potacii-ley,  which 
dissolve  the  resin  and  leaves  a  green  powder.  The  latter  is  washed  with  water,  dis- 
solved  in  alcohol  of  specific  gravity  0*833  and  ciTstallised.  By  repeated  ciystsllisation 
the  piperine  is  obtaued  colourless  (Pontet,  J.  Ohim.  med.  i.  631 ;  BeraeL  Lehrft>. 
S  Anil,  vii  677). — Stenhouse  dissolves  the  extract  of  cnbehs,  prepared  with  wood-spirit^ 
in  alcohol,  and  mixes  it  with  strong  potash-ley,  whereupon  a  orown  oil  separates,  which 
yields  crystals  on  standing.  The  mother-liquor,  if  again  mixed  with  aloohcd,  vields 
another  portion  of  oU,  whiSi  likewise  deposits  crystals  on  standing.  These  crystals  ax« 
purified  by  pressure  and  recrystallisation. 

Winckler  (Mag.  Pbarm.  xviii.  163)  distils  the  alcohol  from  the  alcoholic  tincture 
of  lonff  pepper ;  di»olves  the  residue  in  the  required  quantitv  of  hot  alcohol ;  predpitateB 
the  solution  with  basic  acetate  of  lead ;  mixes  the  filtrate  while  warm  with  as  mQch^aul- 
phnric  acid  as  is  necessary  to  precipitate  the  lead ;  filters  while  warm ;  distils  the 
alcohol  from  the  filtrate ;  exhausts  the  residue  with  water ;  and  dissolves  the  undiaaolTed 
portion  in  hot  alcohol,  whereupon  pipeline  crystallises  on  cooling. 

Impure  piperine  may  be  punfi«Hl  by  washing  with  absolute  aloohol,  or  better  with 
weak  potasn-ley.    (Henry  and  Flisson.) 

Propertw. — ^Piperine  czystallises  in  colourless  monocftmo  prisms,  exhibiting  tho 
combination  ooP .  oP,  sometimes  with  [  qdPoo  ].  Batio  of  a :  6  -•  1-468  :  1.  Angle  of  in- 
dinedaxes^tf  -  70'' 42'.  Angle  ooP:  odP  (orthod.)  -  84^30';oP:  a>P  -  75^  5(f 
(Kopp).  It  meUs  at  about  100<'  (Pellet ier),  at  100^  or  above  (Wackenrode  r), 
to  a  pide  yellow  limpid  oil,  which  solidifies  on  cooling  to  a  pale  yellow  transparent, 
strongly  refracting  resin.  The  specific  gravi^  of  fi^ed  piperine  is  1*1931  at  18^. 
(Wackenroder.) 

Piperine  is  insoluble  in  cold,  very  slightly  soluble  in  boilins  water;  soluble  in 
alcohol,  especially  when  warm,  less  soluble  m  ether.  The  alcoholic  solution  has  a 
very  hot  taste  like  that  of  pepper.  It  dissolves  also  in  volatile  oils  and  in  acetic  acid, 
but  not  in  alkalis.    The  solutions  have  no  action  on  polarised  Hght. 

CalrmUMom.  Uebig.    Pdtotier.  Regnanlt.  Oerbardt.    Laurent.  StoDhooM. 

meam,        mean,  wua»* 

C»  104  71-tse  fl9'78  69*47  71*19  71*59  71*€6  71*79 

H»  19  6*67  6*69  6  80  6*78  6*69  6*66  6*06 

V  14  4  91  4*09  4-51  4*94  4«1  .    .  4-76 

0>  48  16*94  19*44  19-99  17-09  16-99  .    .  16-96 


C17H»N0*     985         100*00         100-00         100>00         100^         100-00  100*00 

Will  and  Vazrentrapp  found  4*66  per  cent,  nitrogen.    Kegnault  (Ann.  Ch.  Phyai 

12]  Ixviii.  168)  first  gave  the  coirect  formula,  which  was  corroborated  by  Laurent  {ilnd, 
3]  xix.  363),  and  finally  settled  l^Strecker^s  investigation.  Older  formulsB :  C^JUBUO^ 
(Pelletier);C*^J2«0"(Liebig,Ann.Ch.Hiarm.vi.36);C^J»»J3*a»*(Gerhardt); 
CP*IPH»0^*  (Wertheim\;  (P*mi^O»  (v.  Babo  and  Keller).  Compare  also  0. 
Henry  and  Plisson  (J.  Pharm.  xvii.  449). 

IkcompoaiHcns, — 1.  Piperine  blackens  by  drv  distillation,  and  yields  a  brown  empy- 
reumatic  oil,  from  which  carbonate  of  ammonium ciystallises  (Gmelin). — 2.  Heated 
in  a  platinum  spoon,  it  melts  like  wax,  takes  fire  at  a  stronger  heat^  and  leaves  an 
easily  combustible  charcoal  (Merck). — 3.  Piperine  suspended  in  acidulated  water 
and  exposed  to  the  action  of  the  deoMc  current^  is  violently  attadsed,  as  also  by  hot 
concentrated  miric  add  (Hlasi  wets  and  Bochleder,  Wien.  Akad.  Ber.  v.  447). — It 
is  coloured  blood-red  hjoil  of  vitriol,  loses  this  colour  on  addition  of  water,  and,  if  the 
action  of  the  oil  of  vitriol  has  not  been  continued  for  a  very  long  time,  does  not 
appear  to  be  sensibly  altered  (PelletierY  BroTtUne  converts  piperine  into  a  pecu- 
liar, non-crystalline  product  (Gerhardt).  Iodine  acts  upon  it  onlv  when  the  two 
are  fbsed  together,  forming  a  dark  black-brown  mass,  whioh  haraens  on  cooling 
(Wackenroder). — 6.  Nitrie  acid  colours  piperine  greenish-yellow,  orange,  and  then 
red;  dissolves  it  with  a  yellow  colour,  the  solution  yielding  dir^  yellow  flakes  when 
mixed  with  water ;  and  on  further  action^roduces  oxalic  add,  together  with  a  yellow 
artificial  bitter  (Pelletier,  Oersted,  Wackenroder).  Strong  nitric  acid  forms 
an  orange-red  resin,  which  partly  dissolves  with  deepening  colour  when  heated.  The 
solution  no  longer  jdelds  piperine  when  treated  with  water  or  alkalis  (Dnflos).  The 
brown  resin  wmch  is  produced  from  piperine  by  nitric  acid,  with  violent  action,  evolu- 
tion of  nitrous  acid,  and  the  odour  of  bitter  almond-oil,  assumes  a  splendid  blood-red 
eolour  when  treated  with  hydrate  of  potassium,  and  when  boiled  therewith  yields  a 
distillate  of  piperidine  (Anderson).  Von  Babo  and  Heller,  by  treating  piperine 
with  nitrous  acid,  and  subsequently  distilling  it  with  potash-ley,  obtained  volatile 
needles  which  had  the  odour  of  coumarin,  melted  in  boiling  water,  dissolved  in  alcohol 
uiid  ether,  and,  after  fusion  with  hydrate  of  potassium,  gave  the  reaction  of  salicylic 
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acid  with  ferric  diloride.— 7*  Bj  boiling  vith  alcoholic  potash,  piperine  is  converted  into 
piperidine  and  piperate  of  potassinm  (p.  653).  When  distilled  with  poiash4ime  it 
yields  piperidine,  together  with  other  pi^acts.  If  the  temperatnre  does'  not  rise  above 
160^ — 160°,  no  ammonia  is  given  ofl^  and  the  brown  residue  contains  an  azotised  acid 
which  may  be  separated  by  hvdrodiloric  acid;  it  is  yellow,  resinons,  and  becomes 
strongly  uectric  by  firiction.  If  the  mixture  of  piperine  and  lime  is  heated  to  200°,  it 
gives  (^ammonia,  and  the  residue  often  contains  an  oncrystallisable  non-azotisedacid 
fWertheim).  Piperine  heated  with  hydrate  of  potassium  melts,  gives  off  a  8h<^ 
odour  of  pepper,  and  yields  a  milky  aqneons  distillate;  ai  a  stronger  heat»  it  gives  off 
hydzogeo  ana  finally  ammonia  (Gerhardt). — 8.  Piperidine  heated  with  oM  chromate 
of  potassium  and  sulphuric  acid  gives  off  a  laige  quantity  of  carbonic  anhydride  and 
yields  a  slightly  acid  aqneons  distillate  whidi  rednoes  nitrate  of  silver  (Gerhardt). 
2.  Permanffonate  of  potassium  added  to  a  solution  of  piperine  mixed  with  sulphuric 
add,  colours  it  green  after  a  few  hours  (Duflos). — 10.  Phosphomolybdie  acid  colours 
piperine  brown-yellow,  and  precipitates  it  in  flodua  (Sonnenschem).  Piperine  also 
forms  a  yellow  precipitate  with  phosphaniimomc  acid  (p.  498). 

Salts  of  Piperine.  Piperine  is  but  a  weak  base,  and  does  not  form  salts  with 
all  acids. 

HydrocKloraie, — ^Piperine  absorbs  firom  13*0  to  13'7  per  cent  hydrochloric  add  gaa, 
forming  a  product  which  melta  and  crystallises  on  coolings  dissolves  in  alcohol,  but  is 
decomposed  by  water. 

The  chloromercuratSy  2C'*H>*N0*.H0LHff'01*,  is  obtained  bv  mixing  a  fldution  of 
1  pt  piperine  in  strong  alcohol  slishtly  addulated  with  hydrochloric  add,  and  2  pts. 
of  mercuric  chloride  also  dissolved  in  alcohol,  and  leavii^  the  mixture  at  rest  for 
several  days.  It  then  deposits  the  mercuiy-salt  in  yefiow,  shining,  transparent, 
triclinic  crystals  which  become  darker  when  exposed  to  the  air  or  heated  to  100°. 
(For  details  of  the  crystalline  form,  seeSchabus,  Bsstimmung  der  KrystaUgestalten, 
&c,  p.  198;  also  Gm.  xv.  23.)  The  salt  is  insoluble  in  water,  slightlv  soluble  in 
strong  hydrochloric  add  and  in  cold  alcohol,  more  soluble  in  boiling  alcohoL 

CUoropbUinaU,  40''H'*NO>.2HCLPt*^Cl* Obtained  in  lai^  roseate,  monodinic 

crystals,  by  mixing  a  concentrated  alcoholic  solution  of  piperine  with  a  concentrated 
alcoholic  solution  of  platinic  chloride  addulated  with  strong  hvdrochloric  add.  It  is 
very  slightly  soluble  in  water,  and  appears  to  be  partially  decomposed  b^  a  large 
quanti^ ;  moderately  soluble  in  boiline  alcohol,  whence  it  separates  on  cooling  as  an 
orange-coloured  crystalline  powder.  It  may  be  dried  at  100°  without  alteration,  but 
melts  and  decomposes  with  intumescence  at  a  higher  temperature. 

Iodide  of  Piperine, — ^Piperine  unites  with  iodine,  formii^  shining,  bluish-black 
needleS)  soluble  in  alcohol  and  containing  40*^*170*  J*.  (Weftcien,  Zusammenstet- 
lung,  p.  562.) 

VIPHUTJBv  OUnm  MnrVJB*  volatile  oil  of  peppermint^  is  prepared  by 
distilling  the  herb  of  Mentha  piperita  with  water.  It  is  a  transparent^  usually 
colourless,  but  sometimes  greenish  oil,  very  mobile^  having  a  pungent  odour  and  an 
aromatic  burning  taste  with  cooling  after-taste.  Spedfle  giarity  ^  0*902— 0*$M 
rBlanchet  and  Sell);  0*899  after  several  rectifications  (Kane):  0*9028  at  14*60 
(Gladstone).  For  the  refractive  and  optical  rotatory  power,  according  to  Gladstone, 
see  Oils,  voLATiLB  (p.  189).  Soiling  |)oint  188° — 193°  (Kane).  When  exposed  to 
cold,  or  submitted  to  fractional  distiuation  it  deposits  Peppermint-camphor  or  Dlen- 
thol,  C^Hx'O  (iii  880),  in  quantities  varying  according  to  its  orijgiju  The  permanently 
liquid  portion  of  the  oil  has  the  composition  C"H^,  according  to  Blanchet  and 
Sell;  C«iH«*0*,  according  to  Kane  (J.  pr.  Chem.  xx.  439). 

TTTHTITTiWirB  tTHWllftlffrffm  Piperjfl-carbaeiUde  or  Piperyl-urea»  (Sep 
CABBAianB,  i.  757.) 

Mnf&VBOOABSAMaO  ACIB.    See  Pifbbidinh  (p.  656). 
TOn.    A  variety  of  day-slate. 

A  vessel  with  a  bulb  and  narrow  neck  used  tor  tzansfezring  liquids 
(See  Amaltsdb^  Volumxtiuc,  i.  256.) 

Iron  lime-gaznet. 

Syn.  with  Ptbofi. 

A  native  sulphate  of  copper  and  iron  found  in  a  cave  near  a  bed  of 
cupriferous  pyrites  in  Turkey.  It  gave  by  analysis  15*56  per  cent  0u"0,  10*98  Fe"©, 
29*90  S0«  and  43*56  water,  agreeing  with  the  formuk  (Ou  ;  Fey'S0*.7HH).  (Pisani, 
Jahresb.  1859,  p.  811.) 

Syn.  with  Pbastoits  (p.  360.) 

V  u  2 
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An  smorphoni  or  Btakctitie  minenil  ooeimiiig  at  Oamdoif 

near  flualfpiM^  and  at Beichenbaeh  in  Saxony,  eonrigtingof  bane  aluminioo-feme  anlphat^. 
HaidnesB  -i  1*6.  SpecUic  gravity  1*9S->1'98.  It  is  tiannNirentk  with  oliTe-gr(>en 
ooLoar  and  ritxeons  lustre ;  Teiy  fiwle  and  ezfaibits  a  eonchoidal  fraetnre.  It  has  b«en 
analysed  by  Erdmann  (Sdiw.  J.  hoL  104),  with  the  following  Nsnlts: 

GsDciMmd 
AIKP.     FdH)>.      80>.       RSO.       Son. 

1.  Green  .        .        •    S616      9-74    1270    41-69    0 71       »       100 

2.  „      .        .        •    36-80      9-80     12*49    41*70    070       -       100 
S.  YeUaw  .        .        .      6*80    40*06     11*90    40*18     111       «       100 

Kos.  1  and  2  am  probably  8M*0*.SO*.16H>0  or  mors  azactly  6KK)*.2aO'.80H^; 
Ko.  8  is  2M«0*.SO'.16HH).    (Dana,  ii  890.) 

yzSTAOIA.  The  berries  of  PMaeia  Leniieeue,  a  terebinthaceoos  plant  oommon 
in  Algeria,  yield  when  comminuted  and  boiled  with  water,  from  20  to  25  per  cent,  of 
a  dark  green  shup-tasting  &t,  which  melts  completely  at  82^ — 84^,  and  may  be 
resolved,  by  partial  solidification  and  decantation  of  the  still  fluid  portion,  into  a  white 
crystalline  &t  melting  at  84^ — 86**,  and  a  dark  green  fat  zemaining  fluid  at  0®. 
(Leprienr,  RAp.  Chim.  app.  ii.  328.) 

Lime  and  iron  epidote  (ii  890.) 

Syn.  with  Mmmr-SPAB  (iiL  928). 

Pour.  Beek.  This  term  is  applied  to  a  variety  of  solid  re^ous  sub- 
stances which  are  generally  of  a  dark  colour  and  brilliant  lustre.  The  common  kinds 
of  pitch  are  obtained  from  some  one  or  other  of  the  various  kinds  of  tar  produced  in  the 
destructive  distillation  of  wood,  coal,  itc,  and  are  prepared  by  evaporating  off  from  the 
tar,  the  liquid  oily  substances  mixed  with  the  sob'd  resinous  matters,  until  the  residuum 
has  the  desired  consistence. 

A  certain  amount  of  pitch  may  in  this  way  be  obtained  from  all  kinds  of  tar ;  but  as 
a  rule,  the  tar  produced  in  destsmetive  distillation  at  high  temperatures,  and  that 
obtained  from  highly  resinous  wood  and  from  caking  coal,  even  at  comparatively  low 
degrees  of  heat,  contains  a  much  laiger  proportion  of  the  solid  resinous  substances 
which  constitute  pitch,  than  the  tar  produced  at  a  low  red  heat,  or  obtained  from  bito- 
miDous  minerals  which  do  not  cake  or  undergo  a  kind  of  partial  fusion  when  heated. 
(SeeT^B.) 

Fitch  is  generally  prepared  either  from  Archangel,  Stockholm  and  American  tar,  or 
from  that  Und  of  coal-tar  produced  in  the  manufiicture  of  illuminating  gas.  Besides 
these  kinds  there  are  sevenl  varieties  of  pitch  which  occur  native  and  are  commonly 
termed  mineral  pitch.    (See  Asphalt,  i.  426.) 

Little  is  known  of  the  chemical  history  of  the  several  varieties  of  pitch ;  but  in  general 
their  constitution  is  probably  more  or  less  analogous  to  that  of  ouier  resins,  and  like 
these  latter,  they  present  spedflc  differences  in  their  behavioor  with  solvents^  &c 
Another  kind  of  pitch,  called  Buraundy  pitch,  is  employed  in  medicine^  and  is  the  melted 
aesin  of  JbieHt  retina  or  TkuM.    It  is  of  a  yellowish-white  colour.  B.  H.  P. 

FITCBi  MUMMKAIn    Syn.  with  Biruioir. 

I    Native  oxide  of  uranium  (see  Ubaxiuic). 

A  felspathic  rock  (ii.  628)  containing  excess  of  silica,  and 
having  a  pitchy  rather  than  a  glassy  lustre. 

F1T41HI  ntOV  <nni*  A  term  applied  sometimes  to  triplite  (p.  671)^  some* 
times  to  pitticite  (in^ra),  sometimes  to  a  varie^  of  brown  hematite. 

^*'**'  ^*  ^  ■■■■■'■■■-  A  dark  green  mineral  from  Pitkaranta  in  Finland,  consist- 
ing of  an  altered  hornblende,  occurring;  according  to  Seheerer,  in  crystals  having  the 


p.  498.) 

Viroynra.  An  alkalcud  obtained,  according  to  Feretti  (J.  Phanp.  Oct  1835, 
p.  613),  frx>m  CkiM  PUoya,  which  is  probably  identical  with  Ckina  bieolor  or  CSk 
Tecanus,  It  is  soluble  in  water,  alcohol,  and  ether,  and  has  a  sli^tly  bitter  taste,  which 
is  stronger  in  the  aqueous  or  alcoholic  solutions  of  its  salts.  It  mdts  at  100^,  and 
partly  volatilises  at  a  higher  temperature  in  very  bitter  vapours  which  condense  in 
prismatic  crystals.  It  is  decomposed  by  hot  strong  nitric  add.  It  is  said  to  be  a 
fobrifuge.    (Handw.  d.  Chem.  vL  640.) 

(from  v-frro,  pitch,  and  Ka\6s,  ornament  or  beauty).     One  of  the 
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linmerons  substances  discovered  by  Rei'chenbacb  in  the  eourse  of  his  researches  on  the 
oils  produced  by  the  distillation  of  wood-tar.  Its  composition  is  unknown.  It  is 
obtained  by  acting  on  the  heaviest  or  least  volatile  portion  of  the  oil  first  with  potash, 
until  the  free  a<nds  are  nearly  neutralised,  and  then  with  bazyta-water.  Li  this^ 
manner  a  deep  blue  colour  is  formed.  This  blue  substance  is  pittacal,  probably  in  a 
very  impure  condition.  In  the  solid  state  it  possesses  a  coppeiy  or  bronse-like  lustre ; 
but  this  property  is  not  characteristic,  as  it  is  shared,  not  only  with  almost  all  coal-tar 
colours,  but  also  with  indigo  and  prussian-blue. 

Pitfacal  appears  to  have  decided  basic  characters,  for  it  is  dissolved  by  acids  and 
precipitated  by  alkalis.  It  is  tasteless,  inodorous,  and  not  volatile  without  decomposi- 
tion. It  is  insoluble  in  water,  alcohol,  or  ether,  and  no  process  is  known  by  which  it 
can  be  separated  from  other  substances,  or  its  purity  ascortaioed.  It  forms  a  species 
of  lake  with  alumina,  and  is  said  to  dye  a  fiut  blue  on  vegetable  tissues  mordanted  with 
tin  or  alumina.  Its  wad  solutions  are  reddish ;  but,  when  difiiised  in  water,  it  is  said 
to  have  a  greenish  tinl 

In  mao^  of  its  reactions;  it  resembles  the  colouring  matters  formed  by  acting  with 
onde  of  sdver  or  alkalis  on  the  iodides  of  the  ammonium-bases  derived  from  certain 
tertiary  monamines.  Indeed  the  late  Dr.  Gregory  in  the  last  edition  of  his  **  Omnio 
Ghenustiy"  (p.  471),  sug^;ests  that  the  beautifid  coloured  compounds  obtains  by 
treating  iodide  of  ethyl-chinolyl-ammonium  with  oxide  or  sulphate  of  silver,  may  be 
identioil  or  homohlgoiis  with  pittacal.  But  it  must  not  be  forgotten  that  those  colours 
were  yielded  only  by  the  bases  derived  from  the  products  of  the  distillation  of  cin- 
chonine,  and  that  the  same  products  cannot  be  procured  from  the  isomeric  bases  of  the 
leucoline  series.  On  the  otner  hand,  the  reactions  which  occur  during  the  formation  of 
the  blue  obtained  by  acting  on  a  solution  of  iodide  of  pelamine  (iii.  673)  with  potash 
or  ammonia,  remarkably  resemble  the  phenomena  observed  in  the  production  of 
pittacal.  (See  A]nn.-CKZNOLiini,  L  878.)  The  insolubility  in  alcohol  appears  to  be 
the  chief  distinction  between  pittacal  and  the  coloured  derivatives  from  coal-tsz  or 
cinchonine. 

On  treating  the  heaviest  bases  from  coal-tar  with  solid  potash  in  the  process  for 
rendering  them  anhydrous,  the  fluid  (ascertained  to  be  free  from  copper)  often 
becomes  of  a  liffht  blue  colour,  which  seems  to  indicate  the  presence  of  a  substanca 
allied  to  the  body  fh>m  which  pittacal  is  derived. 

The  interest  attadiing  itself  to  pittacal  is  rather  increased  than  lessened  by  the 
rtaearches  which  have  been  made  upon  the  colouring  matters  of  coal-tar,  because  they 
appear  to  show  that  wood-tar  may  eventually  become  a  source  of  new  colours.  At  the 
same  time,  the  comparatively  small  amount  of  nitrogen  in  wood,  while  limiting  the 
formation  of  alkaloias,  points  to  the  heavier  and  less  known  non-basic  oils  as  the  chief 
source  of  new  derivatives.  C.  G.  W. 


Pittinte,  Irondnter,  DiamenaU  of  Iron.  Pitehu  Iron  on, 
peckers, — An  arsenato-sulphate  of  iron  occurring  in  reniform  masses,  having  a  yellowish 
or  reddish-brown,  blood-red,  or  white  colour,  yellow  streak  and  vitreous  lustre ;  trans- 
lucent to  opaque ;  hardness  *  2  to  3 ;  spedfie  gravity  «■  2*2  to  2'^. 

Analyses,-'  a.  From  Freiberg  (Stromeyer,  Gilb.  Ann.  Ixi.  181 ). — b.  From  Schwarsen- 
beiff  in  Saxony  (Rammelsberg,  Pogs.  Ann.  Ixjdi  189). — e,  d.  From  Si^litsstoUen 
in  w  Badhansbeig,  near  Gastein :  yellow  (Rammelsberg) : 


AiSO>. 

80». 

F*H)». 

Mii«0«. 

H«0. 

a.  2606 

10*04 

8810 

0-64 

29-26 

M 

99*10 

b.   26-70 

13-91 

84*86 

•    • 

24-64 

M 

100 

e,   24-67 

620 

64-66 

•    • 

16-47 

9 

100 

d.  28-46 

4-36 

6800 

•    • 

12*69 

M 

103-40 

These  analyses  show  that  the  mineral  is  of  vaiying  composition.  Analysis  a  may  be 
represented  by  the  formuhi  (3FeK)*.2AsK)*).(Fe*O*.2SO').80HK);  which  contains  the 
same  salts  as  diadochite;  b  by  (3Fe>0*.2Ai^).(FeK)*.8BO*).24H*0,  containing  1  at 
80*  more  than  the  preceding;  e  and  d  are  mixtures. 

An  impure  variety  of  pitchblende. 


A  sulphantimonite  of  lead  occurring  at  Wolfrbeig  in  the  Harts, 
in  monodinic  cnystals  having  the  axes  a:  b:  e  *-  0-8802  :  1  :  0*87016.  Angle  of  in- 
clined axes  »  72<'  28'.  ooP :  wP  -  86o  26' ;  oP :  [Poo  ]  -  168^  9'.  Observed  combi- 
nation,  2P  .  oP .  P  .  ooPao.  The  crystals  are  thick  tabular;  the  face  oP  shining 
and  smooth,  the  others  striated.  Cleavage  parallel  to  2P,  perfect  The  mineral  occurs 
also  massive,  granular.  Hardness  »  2*6.  Specific  gravity  »  6*4.  Lustre  metallic. 
Colour  blaekish  lead-grey.    Opaque.    Brittle.    Before  the  blowpipe  it  decrepitates 
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and  melts  easily,  ffivinff  off  fhmes  of  sulphor  and  antimoniona  oadde,  and  coating  the 
charcoal  with  oxiae  of  lead. 
According  to  an  analysis  by  H.  Bose  (Pogff.  Ann.  ZKTiiL  428),  it  contains  21*53  per 


cent,  snlphnr,  87'94  antimony,  and  40-62  lead,  agreeing  most  neariy  with  the  formiila 
Fb^*S"  »  6Pb''a4Sb^',  which  requires  21'10  per  cent  snlphnr,  87'86  antimony, 
and  40-74  lead. 


A  mineral  consisting  of  hydrated  alnminic  phosphate  with  eaprie 
and  ferric  hydrates,  oocnrring  in  fissures  of  disintepirated  qnarta  at  Ghmiesche&k  in 
the  Ural,  in  botryoidal  aggregations  haying  an  indistinct  fibrous  structure,  a  green 
colour  in  the  recent  state,  tranaluoent  on  the  ed^^es.  Specific  gravity  »  2*65.  It  is  but 
slightly  attacked  by  acids,  but  easily  by  canstio  potash  or  soda,  which  dissolvee  the 
phosphate  of  aluminium,  leaving  a  brown  residue.  Analysis  gave  88*94  per  cent. 
FK)\  37*48  AlK)*,  8*78  Cu^O,  862  Fe"0  and  20-98  H*0  (-  99-69X  answering  to 
the  formula  4(3AlK)>.2PH)*.9HK)).3(Gu  ;  Fey'HK)'.  (B.  Hermann,  Jahresb.  I862» 
pu  764.) 

V&AMTAOO.  The  ash  of  the  sea-side  plantain  (FlanUiffo  marMma)  has  beoi 
analysed  by  K  Harms  (Jahresb.  1868,  p.  611).  100  pts.  were  found  to  eontain  4-97 
per  cent,  sulphuric  anhydride,  0*68  phoephorie  anhydride,  3*76  silica,  2*28  feRie  phos- 
phate, 1*18  aluminic  phosphate,  62*63  chloride  of  sodium,  10*87  chloride  of  potasnnm, 
4*71  magnesia,  6*69  Ume^  and  8*08  potash.  100  pts  of  the  green  plant  yielded  79*62 
pts.  water;  100<^  pts.  of  the  fresh  plant  gave  8*91  per  cent  ash;  of  the  plant  dried  at 
100<>,  1912  pts. 

r  OV«    See  PHTTO-CRBicmBT  (p.  636). 


A  fiiint  translucent  chalcedony,  approaching  jasper,  having  a  greenish 
colour  sprinkled  with  yellow  and  whitish  dots,  and  a  glistening  lustre. 

The  term  plarnia  is  also  applied  to  the  simplest  form  of  organised  matter  in  the 
vegetable  or  animal  body,  out  of  which  the  several  tissues  are  formed. 


A  name  applied  by  Denis  (Compt.  rend,  lit  1289;  Jahresb.  1861, 
p.  726)  to  a  constituent  of  the  blood  to  which  he  supposes  the  proper^  of  spontaneous 
Coagulation  to  be  due.  It  is  extracted  &om  perfe<^y  firesh  blood,  by  adding  a  satu- 
rated solution  of  siUphate  of  sodium  {}  of  the  voL  of  human  bloody  filtering  the  super- 
natant liquid  firom  the  blood-globules  after  some  hours,  and  saturating  it  with  pnlvenaed 
chloride  of  sodium.  The  plasmin  then  separates  in  flocks.  It  is  soluble  in  water,  is 
not  altered  by  carefbl  drying  at  40^,  but  loses  its  solubility  in  water  when  heated  to 
100^,  or  by  contact  with  acids  and  alkalis,  eyen  when  very  dilute.  The  solution  in  16 
to  20  pts.  water  solidifies  after  a  few  minutes  to  a  oolouriess  transparent  jelly,  which 
by  pressure  between  paper  is  converted  into  fibres  of  fibrin. 

A  pharmaceutieal  term  for  lead-soaps  (iii.  660). 

OV  WJkMIBm  Gypsum  heated  and  ground  up.  It  is  thereby  ren- 
dered anhydrous,  and  when  subsequently  mixed  with  water,  quickly  takes  up  the 
water  of  hydration  which  It  has  lost,  and  is  conyerted  into  a  hard  substance  whicn  ex- 
pands in  solidifying,  so  that  it  accurately  fits  into  any  mould  into  which  the  pas^  mix- 
ture is  poured;  hence  it  is  much  used  for  taking  casts  of  statues,  medals,  &e.  (See 
Gtpsux,  iL  963.) 

VXJLTA  AXUJam  A  term  applied  in  the  Meixican  mines  to  an  ash-grey  or  black 
mineral  regarded  as  carbonate  of  silver ;  also  called  Sblbitb. 

Native  bromide  of  silver.    (See  SoLyss.) 

A  hypothetical  base,  N'H'Pt",  supposed  to  exist  in  the 
diammonio-platinous  compounds.     (See  Platdtuv-basus.) 

Flh^TABMBramunriK,  As*(C*H*)'Ptr.  (See  Absboc-badiclbb,  Oaoamic, 
i.  400.) 

V&AVnr A.    The  old  name  of  Platinum. 

F&ATnno  and  WXakVTMatru  OOMVOUWBS.    (See  PLATnrm,  p.  666.) 

P&AVannc  MonUc  weight  197*4.  Symbol  Pt,  This  metal  was  discoyered  in 
the  auriferous  sand  of  certain  riyers_  in  America.  Its  name  is  derived  from  the 
Spanish  'word  pltUma,  a  dimiiiutive  of  plata,  silver,  and  was  applied  to  it  on  account 
of  its  whiteness.  It  occurs  in  the  form  of  rounded  or  fiattened  grains  of  a  metallic 
lustre.  It  has  been  foimd  in.  Brazil,  Mexico,  CaUfomia,  Oregon,  St  Domingo^  and 
on  the  eastern  declivity  of  the  tJral  chain ;  in  small  quantity  also  in  certain  copper-ores 
from  the  Alps ;  it  is  everywhere  assodated  with  the  debris  of  a  rock,  easily  xeoognised 
as  belonging  to  one  of  the  earliest  volcanic  formations. 
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The  gtains  of  nsfciTe  platinum  contain  firam  75  to  87  per  cent,  of  that  metal,  a 
quantity  of  iron  generally  sufficient  to  render  them  magnetic,  from  ^  to  1  per  cent,  of 
palladium,  but  sometimes  much  less,  with  smaller  quantities  of  copper,  rhodium, 
osmium,  iridium,  and  mthenium.  To  separate  the  platmum  from  these  bodies,  the  ore 
is  digested  in  a  retort  with  hydrochloric  add,  to  which  additions  of  nitric  acid  are 
made  from  time  to  time.  When  the  hydioddorie  acid  is  nearly  saturated,  the  liquid 
is  evaporated  in  the  retort  to  a  syrup,  then  diluted  with  water,  and  drawn  off  from  the 
insoluble  residuei  If  the  minenil  is  not  completely  decomposed,  more  nitro-mnriatio 
acid  is  added  and  the  distillation  continued.  A  portion  always  remains  undissolyed, 
consifltine  of  grains  of  a  compound  of  osmium  and  iridium  (ixi.  324 ;  iv.  240),  and 
little  briUSant  plates  of  the  same  alloy,  besides  foreign  mineral  substances  whion  may 
be  mixed  -with  the  ore.  The  solation  is  generally  deep  red,  and  emits  chlorine  from 
the  presence  of  tetrachloride  of  palladium ;  to  decompose  which,  the  liquid  is  boiled, 
whereupon  chlorine  escapes,  and  the  pallaidium  is  rrauced  to  dicMoride.  Chloride 
of  potassium  is  then  added,  which  precipitates  the  platinum  as  a  sparingly  soluble 
douole  chloride  of  platinum  and  potessium,  leaving  tne  palladium  in  solution.    The 

Sredpitate,  which  has  a  yellow  colour  if  pure,  but  red  if  it  is  accompanied  by  the 
ouble  chloride  of  iridium  and  potassium,  is  collected  on  a  filter,  and  washed  with 
a  dilute  solution  of  chloride  of  potassium.  Bj  igniting  this  double  salt  with  twice  its 
weight  of  potassic  carbonate  the  platinum  is  reduc^  to  the  metallic  state,  while 
a  portion  of  the  iridium  remains  as  trioxide.  The  soluble  potassium  salts  are 
then  removed  by  washing  with  hot  water,  and  the  platinum  is  dissolved  by  nitro- 
muriatie  add,  which  leaves  the  trioxide  of  iridium  undissolved.  To  complete  the 
separation  of  the  iridium,  the  predpitation  by  diloride  of  potassium  and  ignition 
with  carbonate  of  potassium  may  require  to  be  repeated  several  times.  The  platinum- 
solution  thus  fr«ed  from  iridium  is  mixed  with  8al-ammoniac»  whidi  throws  down  a 
yellow  predpitate  of  the  double  diloride  of  platinum  and  ammonium.  From  this  pre- 
cipitate^ when  heated  to  redness,  chlorine  and  sal-ammoniao  are  given  oS^  ana  the 
platinum^  remains  in  the  form  of  a  loosely  coherent  mass,  called  spongy  platinum. 
When  it  is  not  required  to  have  platinum  absolutely  pure^  the  solution  first  obtained 
from  the  ore  is  predpitated  by  sal-ammoniac^  and  the  predpitate  is  treated  in  the 
manner  just  desenbed :  much  of  the  platinum  of  commerce  is  obtained  in  this  way. 
The  small  trace  of  iridium  which  is  left  in  commercial  platinum  greatly  increases  its 
hardness  and  tenacity. 

Platinum  is  too  refractory  to  be  fbsed  in  coal  Aimaces :  but  at  a  high  temperature  its 
partides  cohere  like  those  of  iron,  and  it  may,  like  tiiat  metaJ,  be  welded  and  thereby 
rendered  malleable.  For  this  purpose  the  spon^  platinum  obtained  by  igniting  the 
cUoroplatinate  of  ammonium,  is  rubbed  to  po^raer  very  gently  between  the  h^ds, 
pressed  through  a  linen  bag,  and  the  coarser  partides  -^raich  remain  in  the  bag  are 
triturated  in  a  wooden  mortar  with  a  wooden  pestle,  not  with  any  harder  substanci>, 
because  the  platinum  would  then  acquire  the  metallic  lustre,  and  would  not  weld  so 
easily  as  in  the  contrary  case.  The  powder  is  finally  triturated  with  water,  and  the  finer 
partides  separated  firom  the  coarser  by  elutriation.  The  whole  of  the  finer  powder  is 
then  mixed  up  with  water  to  a  uniform  paste^  and  pressed  into  a  brass  cyunder  6} 
inches  high,  1*12  inch  in  diameter  at  top,  and  1*23  at  bottom,  and  having  its  lower 
and  wider  end  accuratdy  dosed  with  a  steel  stopper,  which  ^oes  in  4  of  an  inch, 
and  is  wrapped  round  with  bibulous  paper,  by  whidi  the  running  off  of  the  water  is 
facilitated.  The  interior  of  the  cyhnder  is  smeared  with  grease,  and  the  cylinder 
being  placed  in  a  glass  ftdl  of  water,  is  itself  filled  with  water,  and  then  completely 
filled  with  the  pUtinum-paste.  In  this  manner  all  cavities  and  inequalities  are 
avoided.  On  the  platinum-paste  is  laid,  first  a  sheet  of  blotting-paper,  then  a  layer  of 
woollen  doth,  and  part  of  the  water  is  pressed  out  of  it  by  means  of  a  wooden  cylinder 
held  in  the  hand.  A  plate  of  copper  is  then  laid  upon  the  paste,  so  that  the  cylinder 
may  be  introduced  in  a  horizontal  position  into  a  very  powerful  lever-press,  in  which  a 
stamp  presses  on  the  copper  plate.  After  the  pressure,  the  steel  stopper,  which  doses 
the  lower  end  of  the  cyhnder,  is  taken  out,  and  after  it  the  now  solid  cake  of  platinum. 
The  cake  is  heated  to  redness  to  drive  off  the  remaining  water  and  the  grease^  and 
render  it  more  compact.  It  is  then  placed  in  an  air-fiirnaCe  having  a  very  strong 
draueht  and  fed  with  good  coke,  and  exposed  for  twenty  minutes  to  an  intense  heat, 
which  is  diminished  during  the  last  five  minutes.  In  the  furnace,  the  cake  is  laid 
by  one  of  its  ends  on  a  plate  of  refractory  day  strewn  with  pure  sand,  and  placed 
2^  inches  above  the  grate,  and  a  cylindrical  pot  is  inverted  over  it  in  such  a  manner 
as  not  to  touch  the  platinum  at  anv  points  The  cake,  while  stiU  red  hot»  is  taken 
firam  the  ftimace,  laid  down  on  one  of  its  bases,  and  struck  repeatedly  on  the  other  with 
a  heavy  hammer.  Should  it  bend,  it  must  not  on  any  account  be  hammered  on  the 
ade,  as  that  would  break  it,  but  must  be  straight«ned  bv  well-directed  blows  on  the 
ends.    When  tke  cake  has  been  snffidenUy  condensed  by  this  treatment,  it  may  be 
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brondit  into  any  required  form  hj  he«ting  and  hammering,  inst  like  anj  other  ductile 
metaS.  If  the  pladnnm  haa  beoome  oorered,  iHiile  in  toe  fire,  with  ferniguMwie 
scalea,  it  most  be  ooated  with  s  moiat  mixtore  of  equal  meaaona  of  borax  and  cream 
of  tartar;  heated  to  redneaa  in  an  air-fnmaee  on  a  platinnm  traj,  orer  which  an 
earthen  pot  ia  inyerted ;  and  immecaed,  while  still  hot»  in  dilute  aolphnrie  add,  which 
disaolyes  tiie  flax  in  s  few  hovn. — ^The  apedfie  grayitj  of  the  cake  (with  its  in- 
tersticea),  after  preaaore^  ia  aboat  10*0;  after  etrong  ignition,  from  17*0 to  17*7 ;  after 
hammering,  21*25 ;  after  drawing  out  into  thick  wire,  21*4 ;  and  after  drawing  out  into 
verjr  thin  wire,  21'6.    (Wollaaton.) 

Commercial  platinnm  prepared  aa  above  deaciibed  ia  never  quite  pore,  alwaja 
retaaninff  small  qnantitiea  of  oaminm  and  ailicinm.  To  free  it  from  theae  impnritiee^ 
and  at  the  same  time  to  render  it  more  compact  and  free  from  parea»  DeTille  and 
Debraj  faae  it  bj  meana  of  a  hydrogen  or  coal-gaa  flame  fed  with  oxygen,  in  the 
lime-fornace  reprcoented  in  flgnrea  788,  734  (p.  312).  The  oaminm  ia  then  driren  off 
aa  oemic  totroxide  and  the  ailicinm  paartea  to  the  etate  of  calcic  ailicato,  which  melts  to 
a  ooloorleas  bead,  and  ia  ultimately  absorbed  by  the  walla  of  the  ftunace.  Iron  and 
copper  alao,  if  present  in  the  platinnm,  are  oxidiaed  and  form  fnaible  alags^  which  are 
abeorbed  by  the  lime. 

Beville  and  Debray  have  likewise  introduced  the  following  new  prooeas  for  the  ex- 
traction of  platinum  firom  ita  orea  in  the  dry  way.  A  small  reverberatoiy  ftimace,  the 
bed  of  which  ia  composed  of  a  hemispherical  cavity  of  fire-brick  lined  with  clay,  ia 
bested  to  full  redness,  and  a  ehaige,  consisting  of  2  ewt.  of  the  platinum  ore  nuxed 
with  an  equal  weieht  of  galena,  is  aidded  in  small  quantities,  stirring  with  iron  rods  till 
the  platinum  and  lead  ores  have  combined  into  a  matt  A  small  quantity  of  f^aas  ia 
thrown  in  to  act  as  a  flux,  and  by  degrees  a  quantity  of  litharge  is  added  equal  in 
weight  to  the  galena.  The  sulphur  of  the  galena  is  thereby  completely  oxidised  and 
expelled,  whilrt  the  lead  of  the  galena  and  Uie  litharse  is  reduced  to  the  metallic  state, 
and  unites  with  the  platinum,  forming  an  easily  fosible  alloy.  On  leaving  the  melted 
mass  at  rest  for  some  time,  the  oamide  of  iridium  (whidi  is  not  attacked  during 
the  operation^  gradually  sinks  to  the  bottom  of  the  liquid  alloy;  the  upper  portiona 
of  the  platiniferoua  lead  are  then  cautiously  decanted  from  it  by  iron  ladUes  and 
caat  into  ingot-moulda.  The  residue  containing  the  osmide  of  iridium  is  added  to 
a  subsequent  meltinff. 

The  piatiniferous  lead  is  now  submitted  to  eupellation  in  the  ordinary  way,  and  the 
crude  metallic  platinum  left  after  eupellation,  is  refined  by  fusion  on  a  bed  of  lime  aa 
above  describeo.  The  platinum  thus  obtained  is  nearly  pure^  and  vezy  ductile  and 
malleable. 

An  alloy  of  platinum,  iridium,  and  rhodium,  better  adapted  for  some  purposes 
than  pure  platinum,  because  it  is  harder,  bears  a  higher  temperature  without  fusing^ 
and  is  less  easily  attacked  by  chemical  reagenta,  may  be  obtained  by  simply  fusing  the 
pUtinum-ore  in  the  oxyhydrogen  flame  on  a  bed  of  lime^  with  a  quantity  of  lime  equal 
m  weight  to  the  amount  of  iron  in  the  ore.  Palladium  and  osmium  are  volatilised 
during  the  fusion,  while  the  copper  and  iron  are  oxidised,  and  fonn.  fbsible  compounds 
with  tbe  lime.  The  melted  alloy  is  either  poured  into  water  to  granulate  it^  or  east  in 
a  very  shallow  mould  of  gas-charcoal. 

Another  method  propomd  by  Deville  and  Debray  is  to  treat  the  platinum  ore  with 
nitromuriatic  acid,  decant  the  liquid  from  the  insoluble  osmide  of  indium,  and  slowly 
evaporate  the  solution  of  chloride  of  platinum,  palladium,  &c.,  till  the  residue  begins  to 
decompose.  The  red  powder  thus  obtained  is  tnen  heated  to  redness  in  a  laxge  covered 
crucible  of  earthenware  or  platinum  provided  with  a  neck  to  convey  the  gasee  into  a 
chimney.  When  the  calcination  is  finished,  the  platinum^powder  is  transferred  to  a 
wooden  bowl,  and  washed  in  the  same  manner  as  auriferous  earth  or  platinum  ore 
itself.  The  dense  shining  platinum-powder  which  remains  is  then  refined  by  fusion 
in  the  lime  fhmace  as  above.    (Ann.  Ch.  Phys.  [3]  Ivi.  885 ;  Jahresb.  1869,  p.  252.) 

Properties, — ^Pure  platinum  when  forged,  and  especially  when  refined  by  Deville  and 
Debra/s  process,  is  nearly  as  white  as  nlver;  it  takes  a  high  lustre  by  polishing;  haa 
neither  taste  nor  smell ;  and  is  very  ductile  and  malleable.  A  platinum  wire  2  milli- 
metres in  diameter,  breaks  with  a  weight  of  124  kilogrammes.  Platinum  is  softer 
than  silver,  but  its  hardness  is  much  increased  by  the  presence  of  traces  of  izidium ; 
perfectly  pure  platinum  is  about  as  hard  as  copper.  It  expands  by  heat  less  th|m  any 
other  metal,  and  in  its  power  of  conducting  heat  and  dectricity,  it  is  much  inferior  to 
gold  and  silver,  and  very  near  to  iron  (ii.  467 ;  iii.  936).  Platinum  resists  the 
strongest  heat  of  a  forge-fire,  but  may  be  ftised  by  the  electric  current,  or  by  the  osj- 
hydrogen  blowpipe,  before  which  it  is  volatilised  and  dispersed  with  scintillations. 
According  to  DeviUe  and  Debray,  it  absorbs  oxygen  in  the  fused  state,  and  if  melted 
in  considerable  masses,  spits  like  silver  on  rapid  cooling.  It  has  not  been  crystallised 
artificially,  but  very  perfect  octahedrona  and  cubes  have  been  found  in  the  native  beds. 
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Platinum  u  the  heaviest  of  all  known  subetancee,  except  osmium  and  indium,  which 
are  equally  dense.  Its  spedflc  grayity  Taiies  according  to  the  manner  in  which  it  has 
been  treated;  that  of  hammered  platinum  is  21*25 ;  of  platinum  drawn  into  thick 
wire,  21*4;  and  after  drawing  into  very  thin  wire,  21 '6  (Wollaston);  platinum 
solidified  firam  fusion  has  a  density  of  21*16.    (DeTille  and  Debray.) 

Platinum  possesses  a  remarkable  power  of  causing  the  combination  of  oxygen  with 
hydrogen  and  other  combustible  gases  (see  Combustion,  i.  1092,  and  Contagt-aciiok, 
ii.  12).  This  property  is  exhibited  even  by  a  clean  surface  of  platinum,  in  a  greater 
degree  by  platinum  in  the  spongy  state  (p.  662),  and  most  of  all  by  the  extremely 
divided  form  of  the  metal  called  platinum-black.  The  metal  may  be  obtained  in 
this  form : — 1.  By  dissolving  platinous  chloride  in  a  hot  and  concentrated  solution 
of  potash,  and  pourinff  alcohol  into  it  while  still  hot,  by  small  quantities  at  a  time ; 
violent  effervescence  then  occurs  from  the  escape  of  carbonic  anhydride,  by  whi^  the 
content^  of  the  vessel,  unless  capacious,  may  be  thrown  out.  The  liquor  is  decanted 
from  the  black  powder  which  appears,  and  the  latter  boiled  successively  with  alcohol, 
hydrochloric  acid  and  potash,  and  finally  four  or  five  times  with  water,  to  divest  it  of 
ail  foreign  matters. — 2.  By  decomposm^  a  hot  solution  of  platinio  sulphate  with 
alcohoL — 8.  By  boiling  a  solution  of  platinic  chloride  with  carbonate  of  sodium  and 
sugar:  chloride  of  sodium  is  then  formed,  water  and  carbonic  anhydride  are  produced 
by  oxidation  of  the  sugar,  and  the  platinum  is  precipitated  in  the  finely-divided  state. 
— 4.  By  precipitating  the  metal  with  zinc  from  a  solution  of  platinio  chloride  con- 
taining excess  of  hydrochloric  acid,  or,  according  to  Brunner,  by  digesting  metallio 
zinc  with  a  mixture  of  chloroplatbate  of  ammonium  or  potassium  and  strong  snlphurici 
add.— Platinum-black,  when  dried,  resembles  lamp-black,  and  soils  the  fingers,  but 
still  it  Ib  only  metallic  platinum  extremely  divided,  and  may  be  heated  to  full  redness 
without  any  change  of  appearance  or  properties^  It  loses  these  properties,  however,  by 
the  effect  of  a  white  heat^  and  assumes  a  metallic  aspect.  Platinum-black,  like  wood 
charcoal,  absorbs  and  condenses  gases,  in  its  pores,  with  evolution  of  heat^  a  property 
which  must  assist  its  action  on  oxygen  and  hvdrogen,  although  probably  not  essentia 
to  that  action.  When  moistened  with  alcohol,  it  determines  the  oxidation  of  that  sub- 
stance in  air,  and  the  formation  of  acetic  add ;  and,  in  a  simikr  manner,  it  converta 
wood-spirit  into  formic  add. 

Platmum  does  not  oxidise  in  the  air  at  any  temperature.  It  is  not  attacked  by  any 
nngle  add ;  but  nitromuriaHc  add  dissolves  it^  though  slowly.  If  heated  to  redness  in 
the  air  in  contact  with  caustic  alkalU  or  alJkaUne  earths,  espedally  with  hydrate  of 
lithium  or  barium,  it  is  corroded,  in  consequence  of  the  formation  of  an  oxide  which 
unites  with  the  alkali ;  it  is  also  attacked  at  high  temperatures  by  acid  sulphate  of 
potassium. 

Spongy  platinum  unites  with  sulphur  when  the  two  are  heated  together  somewhat 
strongly ;  hammered  platinum  is  but  very  slowly  attacked  by  sul[^iir.  Phosphorus  and 
arsenie  easily  unite  with  spongy  platinum  when  heated  with  it,  forming  very  fusible 
compounds.  When  an  organic  substance  containing  phosphorus— cerebral  matter  for 
example — is  burnt  in  a  platinum  crudble^  phosphorus  is  set  free  and  unites  with  the 
platinum,  forming  a  very  fusible  phosphide,  so  that  the  crudble  sometimes  becomes 
perforated.  Chlorine  is  very  slowly  absorbed  by  platinum  ;  iodine  and  bromine  have  no 
action  upon  it  A  mixture  of  silica  and  charcoal  easily  attacks  platinum  at  high  tem- 
peratures bv  forming  a  silicide  of  platinum :  hence  platinum-crudbles  must  never  be 
placed  in  direct  contact  with  a  coke  or  charcoal  fire,  but  always  endosed  in  an  earthen 
crudble  containiog  magnena. 

Uses. — ^The  untuterabilily  of  platinum  at  high  temperatures,  and  its  power  of  resisting 
the  action  of  most  chemicsl  agents,  render  it  extremely  useftil  for  the  construction  of 
crudbles,  evaporating  dishes,  forceps  for  blowpipe  experiments,  ice.  Large  platinum 
stills,  sometimes  weighiug  more  than  1000  ounces,  are  used  for  the  concentration  of 
oil  of  vitrioL  They  are  gilt  on  the  inner  surfaces,  because  without  this  coating,  plati- 
num prepared  by  WoUaston's  method  soon  becomes  suffidently  porous  to  aUow  the 
transudation  of  the  add.  An  attempt  was  made  in  Russia  to  use  platinum  for  coinage, 
but  it  was  not  found  convenient.  Platinum  is  sometimes  used  K»r  the  touch-holes  of 
fowling-pieces.     (Miller's  Elements  of  Chemistry,  ii  828.) 

Compounds  of  Hatinum. — Platinum  forms  two  series  or  compounds,  the  platinous 
compounds  in  which  it  is  diatomic,  ca.'PtO?,  PtO,  &c.,  and  the  platinic  compounds 
in  which  it  is  tetratomic,  e.g.  PtCl*,  PtO',  &c.*  It  shows  but  little  tendency  to  form 
salts  with  oxygen-adds. 

FXJLTZMUlttp  A&&OTB  OV.  Platinum  unites  with  most  other  metals,  forming 
allojrs  which  are  for  the  most  part  more  fusible  than  platinum  itself:  hence  platinum 
crudbles  must  never  be  used  for  fusing  other  metals  in,  or  even  for  igniting  the  oxides 

*  According  to  the  older  atomic  weight  of  platinum,  98*7,  adopted  In  the  earlier  part  of  thl«  work 
(I.  466),  the  metal  waa  regarded  as  moDatomic  In  tiia  platinouf ,  and  diatomic  In  the  platinic  compouads. 
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of  the  more  ftuible  metab,  tueli  m  leftd  and  birarath,  whose  oxides  are  easflj  reduced 
by  contact  with  carbonaceoiu  mafter. 

1  pt  of  epongy  platinum  unites  easily  with  t  pts.  of  pulrerised  antimony,  the  oom- 
binatioB  beins  attended  with  Tind  incandescence;  and  when  the  temperature  is 
further  raise<^  the  comnonnd  fioses  into  a  steel-my,  brittle,  fine-grained  alloj 
(Gehlen).  Vivid  ineanoescence  is  HkewisB  produced  bj  wrapping  antimon3r  in  thin 
platinmn-foil,  and  heating  it  before  the  blowpipe  (Murraj,  Edinb.  FhiL  J.  ir.  208). 
The  idloy  when  heated  in  the  air,  gives  up  its  antimonj  almost  wholly,  and  leaTca 
malleable  platinum.    (Fo  x,  Ann.  FhiL  ziii.  467.) 

100  pts.  of  sponsj  pUtinum  heated  with  excess  of  tfrsenie,  yield  178*5  pfo.  of  arse- 
nide ofplatinum,  the  combination  beinff  attended  with  yivid  combustion,  when  plati- 
num  is  heated  with  arsenious  oxide  and  eaibonate  of  sodium,  arsenide  of  platinum  and 
asenate  di  sodium  are  formed.  Arsenic  wrapped  up  inphitiAum-foil,  likewise  exhibits 
▼ind  eombustion  before  the  blowpipe  (Murray).  The  alloy  is  brittle,  and  easily 
fusible.  When  it  is  heated  in  the  air  for  some  time,  at  a  continually  incroasiBg  tem- 
perature, but  not  sufficient  to  melt  it^  the  arsenic  gpraduaUy  bums  away,  and  Imvub  a 
porous  residue  of  platinum  in  a  state  fit  for  woridng. 

Flatinum  heated  with  an  eoual  weight  at  barium  before  the  oiy-hydrogen  blowpipe 
melts  to  a  bronze-coloured  alloy,  which  in  the  course  of  S4  hours,  decomposes  and 
leaves  a  reddish  powder.    (CI ark e,  Gilb.  Ann.  fadl  878.) 

1  pt  of  spongy  platinum  and  2  pta.  of  ti§mmik  heated  together  combine  readily,  but 
without  viaiole  combustion,  and  form  a  bhnsih-grey,  brittle,  easily  ftisible  alloy,  having 
a  laminated  fracture  (Gehlen).  When  this  allqjr  is  fosed  at  a  moderate  heat)  the 
two  metals  separate  pastially,  aooording  to  their  densities.  When  it  is  stimi^y 
ignited  in  eontaet  vitii  «r,  the  greater  nart  of  the  bismuth  bums  and  forms  a  vitreous 
oxide,  tiH  liM  residue  is  no  longer  fosiue. 

Platinum  heated  with  cadmium  till  the  excess  of  the  latter  is  vbhitilised,  forms  a  silver- 
white,  vezy  brittle,  fine-gnuned  alloy,  refractory  in  the  fire  and  containing  46*02  psi 
sent,  platinum  and  64*68  cadmium,  uierefore  neariy  PKTd*.    (Stromeyer.) 

With  copper,  platinam  does  not  combine  below  a  white  heat.  Equal  weights  of 
platinum  and  copper,  heated  together  in  the  oxy-hydrogen  blowpipe  flame,  yidd  a  pale 
yellow  alloy  having  the  colour  and  specific  gravity  of  gold^  extensible,  easily  attacked 
by  tiie  file,  and  tanushed  bv  eiposure  to  the  air  (Clarke).  An  alloy  of  26  pts.  copper 
and  1  platinum,  is  malleable,  roee-eoloured,  and  exhibits  a  fine-grained  fincture.  The 
alloys  of  copper  and  platinum  take  a  fine  polish  and  are  sometimes  used  for  the  miixors 
of  telescopes. 

7  pts.  of  ^tlatinum  and  8  gold  form  an  allov  infbsible  in  the  strongest  blast-flmaeeL 
Alloys  containing  a  larger  proportion  of  gold  fuse  at  that  degree  of  heat  (Fri  n  sep). 
2  pts.  platinum  and  1  gold  form  a  brittle  alloy.  1  pt  platinum  and  1  gold  form  a  veiy 
nudleable  alloy  having  nearly  the  same  colour  as  gold.  The  alloy  of  1  pt  plattnum 
and  9*6  gold  has  the  colour  of  gold  and  the  density  of  platinum  (Clarke!  1  pt. 
platinumand  11  gold  form  a  srqrish-whiteaUoy,  like  tarnished  silver.    (Hatcnett) 

The  alloy  of  platinum  and  iridium  has  been  already  described  (iii.  317);  also  the 
alloys  of  piatinum,  iridium  and  rhodium  obtained  by  ftising  platinum-ore  (iv.  664 )i 

The  allovs  of  platinum  and  iron  are  described  under  Lbon  (iiL  369). 

Lead  unites  very  easily  with  platinum.  Melted  lead  poured  into  a  platinum-erud- 
ble  dissolves  a  portion  of  the  platinum.  Lead  wrapped  in  platinum-foil  exhibits 
incandescence  when  heated  (Murray).  1  pt  of  spongy  platmum  and  2-7  of  lead 
heated  to  redness  together,  combine  without  visible  combustion,  and  form  an  easily 
fusible  compound,  which  has  the  colour  of  bismuth,  splits  under  the  hammer,  and 
exhibits  a  fibrous  firacture.  The  alloy  of  1  pt  platinum  and  2  pts.  lead  is  somewhat 
more  brittle  (Gehlen).  An  alloy  containing  equal  quantities  of  the  two  metals  has  a 
purple  colour  and  striated  surface,  and  is  hard,  brittle,  exhibits  a  granular  fivcture, 
and  is  altered  by  exposure  to  the  air.  When  these  allovs  are  heated  to  redness  in  the 
air,  only  part  of  the  lead  separates  from  the  platinum,  toe  separation  going  on  indeed 
onWso  long  as  the  aUov  remains  fusible. 

The  compounds  of  platinum  and  mercury  have  been  already  described  (iii.  888). 

Equal  ptfts  of  platinum  and  molybdenum  yield  a  hard,  brittle,  shapeless  lump 
having  a  light  grev  colour  and  metaUic  lustre.  4  pts.  platinum  and  1  pt  molybdenum 
form  a  hard,  brittle,  bluish-grev  alloy,  having  a  granukr  fracture. 

Equal  parts  of  platinum  and  nicJil  placed  upon  a  piece  of  charcoal  burning  in  a 
stream  oi  oxygen,  unite  quickly,  and  form  a  pale  yellowish-white  alloy,  perfectly 
malleable,  susceptible  of  a  hi^h  polish,  equal  to  copper  in  fusibility,  and  to  nickel  in 
magpietic  power.    (Lampadius.) 

Equal  parts  of  platinum  and  palladium  unite  somewhat  below  the  melting-point  of 
the  latter,  forming  a  grey  alloy  as  hard  as  wrought  iron,  having  a  specific  gravity  of 
16*141,  less  ductile  than  the  alloy  of  palladium  and  gold.    (C  h  e  n  e  v  i  x.) 
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With  potastium^  platmmn  unitee  readily,  eshibiting  incandeBcenee  and  forming  a 
shining,  brittle  alloyi  which  bnrni  irhen  heated  in  the  air,  and  is  deoompoeed  by 
water,  with  formation  of  black  ecales,  usually  regarded  as  a  hydride  of  platinum. 

Silver  unites  with  platinum  in  all  proportions.  A  Tezy  small  quantity  of  platinum 
renders  silrer  hard.  Hot  oil  of  Titriol  dissolves  out  the  silver  from  the  auoy,  and 
leaves  the  pladnum.  Nitric  add  always  dissolves  a  certain  quantity  of  platinum 
together  with  the  silver,  and  with  a  certain  proportion  of  silver  the  alloy  is  completely 
flomble  in  nitric  add. 

The  alloy  of  pUtinum  and  9odnim  resembles  that  of  platinum  and  potassium. 

Tin  and  platinum  fused  together  in  equal  parts  form  a  dazk-colonred,  hard,  brittle^ 
tolerably  ftuible  alloy,  having  a  coarse-gnined  structure.  A  very  definite  alloy  of  tin 
and  platinum  having;  the  composition  Pt^Sn*,  is  obtained  by  meltbg  1  pt  platinum 
with  10  pts.  tin,  leaving  the  mass  to  cool  slowly  and  treating  it  with  hydrochloric  add, 
which  dissolves  out  tUSb  excess  of  tan,  and  leaves  the  aUoy  in  beautiM  geodes,  lined 
with  cubic  crystab,  or  rhombohedrons  having  their  angles  very  near  to  90^.  (Devi  He 
andDebray.) 

Zino  appears  also  to  form  a  dflfinita  alloy  with  platinum,  analogous  in  eompositioa 
to  the  preceding  and  obtained  in  like  manner.    (D e ville  and  D«bray.) 

AVTIMOWma  or.    (Seep.  666.) 

AHMDRBB   OV.    (See  p.  666.) 

VIJkTZWaB»  BOBZBB  OF.  Platinum  heated  with  borax  and  charmMd,  melts 
Into  a  hard,  brittle,  somewhat  crystalline  mass,  which  when  dissolved  in  nitromuriatic 
add,  leaves  a  residue  of  boric  add  (Bescotils,  Ann.  Chim.  Ixvii.  88).  Boron  heated  on 
platinum-foil  he&xte  the  blowpipe  immediately  combines  with  the  metal,  forming  a  silver- 
white  fusible  compound.  The  same  compound  is  likewise  obtained  by  melting  spongy 
platinum  with  boron  under  a  layer  of  borax  (Deville  and  Wohler).  Sonde  of 
platinum  is  easily  pulverised ;  it  is  but  slowly  attadced  by  nitromuriatic  add.  Its 
composition  appears  to  be  PtB.    (Martins.) 

PXJLTmMv  BBOMSMH  OV.  The  only  bromide  of  platinum  known  is  th» 
tetrabromide,  PtBr*,  which  is  a  brown,  deliqnescent  oooiLpoBiid,  ehtsinnd  by  dissulfiiig. 
plstimnn  in  a  ■uaiare  of  h^dmAamit  vaa  intae  adds,  and  evaporating  at  a  gentle 
heat  It  tnutes  with  the  more  bade  metallic  bromides,  forming  double  salts  called 
bromoplatinates,  having  the  composition  M*PtBr*  »  2MBr.Pt^*Br«  and  H^PtBi*  » 
M"Br'.Pf  *Br^.  The  potasaiiun-salt  separates  from  a  mixture  of  the  solutions  of  the 
component  bromides,  by  spontaneous  evaporation,  in  regular  octahedrons  and  cubo-octa- 
hedrons  of  a  red  colour;  it  ia  sparingly  soluble  in  water,  insoluble  in  alcohol. — The 
sodium^sak  prepared  in  a  similar  manner,  crystallises  in  dark-red  prisms,  perman^t 
in  the  air,  easily  soluble  in  water  and  in  alcohoL — ^The  barium-,  calcium-y  magnesium-^ 
fnanganue-,  and  einc-salU  also  crystallise  in  dark-red  prisms.  (Bonsdorff,  Pogg. 
Ann.  xix.  844 ;  xxxiii.  61.) 

FXULTXVmip  OABBXBB  OF.  This  oomponnd  is  obtained  by  boiling  platinie 
chloride  with  tartaric  acid,  or  by  calcining  certain  organic  platinum-salts  at  a  moderate 
heat  It  is  black,  insoluble  in  water,  deoompodble  by  nitromuriatic  acid,  which 
dissolves  the  platinum  and  leaves  the  carbon. 

F&ATIJIUMf  caiiO»IBa>  OF.  Platinum  forms  two  chlorides,  namely,  a 
di-  and  a  tetrachloride. 

IMifliloiiae  of  Flatlaiunor  Flatliioiui  Oliloiidef  PtCl*.  (Protoehloride,  ac- 
cording to  the  older  atomic  weight  of  platinum.) — This  compound  is  prepared  by 
dissolvine  platinum  in  nitromuriatic  acid,  evaporating  to  dryness,  and  cautiously 
heating  uie  reddue  in  an  oil-bath  to  200^,  till  it  Decomes  insoluble  in  water.  It  is  a 
greenish-brown  solid  body,  permanent  in  the  air  at  ordinary  temperatures,  but 
blackening  on  the  surfiice  by  long  exposure  to  light  It  is  insoluble  in  water,  nitric  acid, 
and  tuiphwic  acid,  but  dissolves  completely  in  hydrochloric  acid,  as  dichloride  if  pro- 
tected from  the  air,  as  tetrachloride  if  the  air  has  access  to  it  The  solution  of  the 
pure  dichloride  has  a  dark  brown  colour,  gives  with  potash  a  dark  brown  predpitate 
of  platinous  hydrate,  and  with  ammonia  a  green  crystalline  predpitate  of  diammonio- 
platinous  chloride,  19^'Pt''Cl',  insoluble  in  cold  water  and  in  alcohol  (see  Pultootk- 
BASKs).  Platinous  chloride  dissolves  in  caustic  potash  or  soda,  and  alcohol  added  to 
the  solution  throws  down  the  whole  of  the  platinum  as  platinum-black  (p.  664).  It  ia 
completely  resolved  at  a  red  heat  into  chlorine  and  platinum. 

If  the  neating  of  the  platinie  chloride  be  discontinued  before  half  the  chlorine  has 
been  driven  off,  the  reddue  dissolves  in  water,  forming  a  dark  brown  solution  suppled 
by  Magnus  to  contain  platinoso-platinic  chloride.  On  evaporatins  this  solution, 
platinous  chloride  separates  as  a  brown  precipitate  more  soluble  in  hy&x;hloric  acid 
than  the  original  green  compound,  and  r^arded  by  Berzelius  as  a  peculiar  modification. 
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Ghloroplatinites. — ^PlatinoiiB  chloride  unites  with  the  more  basie  metallic 
chlorides,  fbrming  doable  salts  repiesented  by  the  Hannala  Wl?f(Ji*  «  SMCLPfa* 
and  M'Pf a*  -  M^CPJPfa". 

CkloroplaHnite  o/ammoniumt  {IXK^yPt^Cl*,  is  pzodneed  by  addinff  sal-ammoniao  to 
a  eolation  of  platinoos  chloride  in  hydrochloric  acid,  and  ajBtaliises  by  evapoiation  in 
red  foor^ided  prisms. 

CUoropiatiniie  of  Barium,  Ba'TfCl^.SHK),  is  obtained  by  satarating  a  solntion  of 
platinoas  chloride  in  hydrochloric  add  with  carbonate  of  bariam,  and  oystallises  by 
spontaneons  evaporation  in  dark  red  fbor-sided  prisms,  easily  solable  in  water, 
sparinely  in  alcohol  of  90  per  cent  It  appears  to  give  oS  only  2  at.  water  at  100^. 
'f he  S(3ntion  mixed  with  ammonia  deposits  the  green  salt  of  Kagnos  (p.  674).  (J. 
Lang,  J.  pr.  Cbem.  Izzxri.  126 ;  Jahresb.  1863,  p.  230.) 

CkUyroplatmUe  of  Lead,  Pb'Ttf'Cl\  pmpared  like  the  silrer^alt  {infra)  resemUM 
the  latter  in  appearance^  is  insoluble  in  cold  water,  and  is  decomposed  by  boiling 
water.    (Lang.) 

CUoropfaHmte  of  Fotasnum,  S?PtrCl\  prepared  like  the  ammoniam-ealt^  also  tema 
red  foor^tfided  prisms,  moderately  solable  m  water,  insoluble  in  alcohoL 

CkhroplatinUe  of  Silver,  Ag'PfCP,  separates  on  miziog  a  solution  of  the  potassinm- 
salt  with  nitrate  of  silver,  as  a  light  red  precipitate.  It  is  insolable  in  water,  blackens 
when  ezpoeed  to  light,  and  gives  up  all  its  platinum  to  warm  hydrochloric  acid.  Am- 
monia first  dissolves  out  the  chloride  of  suver,  and  leaves  a  yellow  substance  which 
gradually  dissolves  in  a  large  quantity  of  ammonia,  forming  a  colourless  solution 
which  when  left  to  evaporate,  deposits  a  yellow  powder  and  oolouriess  prisms. 
(Lang.) 

The  sodtum-talt,  Na*Pt*Cl\  is  soluble  in  water  and  in  alcohol,  and  difilcult  to  crys- 
tallise. 

Stannous  chloroptatinites, — ^Platinous  chloride  forms  with  stannous  diloride  two 
double  salts,  which  are  obtained  by  dissolving  stannous  chloride  in  a  solution  of  plati- 
noas chloride  in  hydrochloric  acid,  and  evaporating,  the  one  or  the  other  being  formed 
according  to  the  proportions  in  which  the  raits  are  mixed.  That  which  contains  the 
smaller  proportion  of  stannous  chloride  is  a  crystalline,  olive-sreen,  deliquescent,  saline 
mass ;  that  containing  the  larger  proportion  of  stannous  doloride  is  red ;  both  are 
slightly  soluble  in  water,  and  are  decomposed  by  dilution  with  water.    (Kane.) 

Ckloronlaiinite  of  Zinc,  Zn^Pt^Cl*,  is  formed,  according  to  Hiinefeld,  when  sine  is 
immerBea  in  an  aqueous  solution  of  riatinic  chloride.  It  forms  small,  hard,  shining, 
yellow  oystals^  sparingly  solable  in  eud,  more  soluble  in  boiling  water,  and  precipitated 
by  alcohoL 

Tetrachloride  of  Vlatiiniiii  or  Mattale  cnaoride,  Tt^Cl*.  {DieJUoride, 
according  to  the  old  atomic  weight  of  platinum.) — ^This  compound  is  obtained  by  dis- 
solving platinum  in  nitromuriatic  acid  and  evaporating  the  solution  over  the  water^bath. 
It  then  remains  as  a  brown-red  mass,  which,  iSf  pure,  dissolves  in  water  and  in  alcohol 
with  reddish-yellow  colour;  generally  however  it  is  red,  owing  to  the  presence  of  a 
small  quantity  of  iridium.  If  more  stronsly  heated,  it  giTcs  off  chlorine  and  leaves 
first  platinous  chloride  and  then  metallic  platinum. 

The  solution  of  platinic  chloride  ^ves  with  poiath,  ammonia,  and  their  sabs,  a  yellow 
crystalline  precipitate  of  chloroplatinate  of  potassium  or  ammonium,  sparin^y  soluble 
in  water,  insoluble  in  alcohol.  When,  however,  dilute  aqueous  ammonia  is  added  in 
excess  to  an  ae^neous  solution  of  platinio  chloride  too  dilute  to  yield  a  predpiUite  of 
the  chloioplatmate^  a  pale  yellow  powder  is  precipitated  after  a  whiles  consisting  of 
K'H'Pt'^Cl*  (see  flATorux-BASis).  Caustic  soda-iolution  forms  no  precipitate  in  the 
cold,  but  on  warming  the  solution  a  brownish-yellow  precipitate  is  formed  consisting  of 
platinate  of  sodium. 

Sulphydrie  acid  produces  in  a  solution  of  platinic  chloride,  at  first  only  a  brown 
coloration,  afterwards  a  brown  precipitate  of  platinic  sulphide. 

Sulphide  of  ammonium  produces  tne  same  precipitate,  out  redissolves  it  when  added 
in  excess. — Iodide  ofpotaasium  colours  the  solution  brown-red,  and  precipitates  brown 
platinic  iodide. — Stannous  chloride  colours  the  solution  brown-red. — Mercuric  nitrate 
forms  a  copious  reddish-yellow  precipitate. — Mercuric  cyanide  forms  no  precipitate, 
thereby  affording  a  distinction  between  platinum  and  palladium  (p.  828).  Platinum 
is  not  so  easily  reduced  to  the  metallic  state  from  its  solutions  as  gold. — Zinc  throws 
down  metallic  platinum ;  so  likewise  doea  formic  acid  on  heating,  if  the  free  acid  be 
neutralised  witn  carbonate  of  sodium,  but  the  reduction  is  not  effected  hj  ferrous  sul- 
phate or  oxalic  acid, 

A  compound  of  platinic  chloride  with  nitric  oxide,  said  to  contain  5(PtClMI'Cl')b 
4KO.10H'O,  is  produced,  according  to  Boye  and  Bodgers  (PliiL  IdAg.  Nov.  1840, 
p.  397),  by  mixing  dry  platinic  chloride  wiUi  a  large  excess  of  nitromniiatac  acid :  the 
liquid  evaporated  to  a  syrup  deposits  the  compound  as  a  yellow  crystalline  powder, 
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^hich  does  not  give  off  water  at  100^,  but  in  contact  with  water,  ia  resolyed,  with 
efferresoenoe,  into  its  constituenta 

Chloroplatinates,  M«Pt»^Cl«  -  2MCLPt«'a«  and  M'PtJ'a*  -  ira«PtKCl\ 
— ^Flatinic  chloride  unites  with  other  metallic  chlorides,  forming  a  class  of  well-defined 
doable  salts,  amon^  which  the  potassium-  and  ammoninm-salts,  on  account  of  their 
sparing  solubility  in  water  ana  insolubility  in  alcohol,  are  of  especial  importance  in 
analysis,  affording  the  means  of  separating  and  estimating  platinum  on  the  one  hand, 
andpotassium  and  ammonium  on  the  other. 

CJuor(^9laUfuUe  of  Ammonium  or  PiatinuTnsal^mmonMej  (NH*)'Pt*''Cl^  is  precipi- 
tated as  a  heavy,  lemon-yellow,  crystalline  powder  on  mixing  a  solution  of  platinie 
chloride  with  sal-ammoniac^  and^  crystallises  on  cooling  fiK>m  a  hot  aqueous  solution  in 
r^golar  octahedrons.  When  ignited  it  leaves  metallic  platinum  in  the  roon^  state. 
It  is  but  slightljr  soluble  in  cold,  more  soluble  in  hot  water ;  very  slightly  soluble  in 
cold  water  containing  ammonia,  abundantly  at  the  boiling  heat  (Fresenius,  Ann.  Ch. 
Pharm.  lix.  118).  A  cold  concentrated  solution  of  sal-ammoniac  precipitates  it  almost 
oompletAlv  from  its  aqueous  solution,  but  a  hot  solution  of  that  salt  dissolves  it  more 
abundantly  than  pure  water,  and  the  solution  deposits  a  coating  of  pliitiniiin  on 
copper  and  brass  when  th^  are  Iwiled  in  it  for  a  few  seconds  (Bottger).  At  16^ — 
20^,  it  dissolves  in  26,586  pts.  alcokoi  of  97*6  per  cent. ;  in  1,406  pts.  alcohol  of  76  per 
cent,  and  in  665  pts.  alcohol  of  65  per  cent. ;  but  if  free  hydrochloric  acid  is  present, 
the  salt  dissolves  in  672  pts.  alcohcd  of  76  per  cent  at  the  same  temperature 
(Fresenius).  It  dissolves  easily,  with  decomposition,  in  a  warm  aqueous  solution  of 
poiaasie  iulpMoeyanate.    (C 1  a  u  s.) 

CkloropkUinate  of  Biurium,  BaTti'ClMHK),  crystallises  in  orange-yeDow  prisms 
resembling  chromate  of  lead  (Bonsdorff,  Pogg.  Ann.  zvii.  251). — The  eanufn^ealt, 
Cgtptirci.  haa  been  already  described  (i.  1114).--Theca/di«m-M/^,  Ca'Tt»'a«8H»0, 
crystallises  with  difficulty ;  when  laid  on  bibulous  paper  it  decomposes,  chloride  of 
calcium  deliquescing  out,  and  platinie  chloride  remaining. — The  cadmium;  cobalt-, 
copper^,  magnesium',  manganese-,  nieiel-,  and  gmc-salts  are  isomorphous,  crystallise  in 
rhombohedrons,  and  are  all  included  in  ihe  general  formula  M'Tf^Cl*. 6H'0. 

Chloroplaiinate  ofPotaenum,  K*Pt'*Cl*,  separates  on  mixing  a  solution  of  platinie 
chloride  with  chloride  of  potassium,  in  yellow  crystalline  grains  having  the  form  of 
the  regular  octahedron,  it  is  not  completely  reduced  by  simple  ignition,  but  when 
ignited  with  oxalic  acid,  or  in  a  stream  of  hydrogen,  it  is  completely  resolved  into 
chloride  of  potassium  which  may  be  dissolved  out,  chlorine  which  goes  off  as  hydro* 
chloric  acid,  and  metallic  platinum.  The  salt  ia  sparingly  soluble  in  water,  insoluble  or 
nearly  so  in  alcohol.  Its  solubility  in  water  at  various  temperatures,  together  with 
the  solubilities  of  the  oorresn>nding  caesium-  and  rubidium-salts,  as  determined  by 
Kirchhoff  and  Bunsen  (Togg.  Ann.  cziiL  872),  is  given  under  GosixTii  (i.  1114). 
It  dissolves  at  15'='— 20^  in  12,083  pts.  alcohol  of  97*6  per  cent,  in  3,776  alcohol  of  76 

Ser  cent,  and  in  1,053  pts.  alcohol  of  66  per  cent ;  but  if  a  small  quanti^|r  of  free  hy- 
rochloric  acid  is  present^  it  dissolves  in  1,836  pts.  alcoholof  76  per  cent.  (Fresenias, 
loe.  cit.).  It  is  slightly  soluble  in  acids,  dissolves  with  yellow  colour  in  etaustie  potash, 
but  is  insoluble  in  alkaline  carbonates.    (H.  Bose.) 

Chloroplaiinate  of  Bubidium,Bb*Pt**Cl^.—P]Atime  chloride  forms  in  solutions  of 
rubidium,  especially  at  the  boiling  heat,  a  light  yellow,  heavy,  pulverulent  precipitate, 
which  appears  under  the  microscope  to  be  composed  of  transparent,  shinmg,  regular 
octahedrons.  It  is  quite  insoluble  in  alcohol,  and  much  less  soluble  in  water  than  the 
potassium-salt  It  is  decomposed  by  hydrogen,  partially  even  in  the  cold,  and  com- 
pletely at  a  red  heat,  yielding  a  mixture  of  cUonde  of  rubidium  and  metallic  platinum. 
(Bunsen.) 

Chloroplaiinate  of  Sodium,  Na'Ri*Cl«.6H'0,  crystallises  in  transparent,  light  yellow 
prisms  easily  soluble  in  water  and  in  alcohoL  ^ 

A  compound  of  platinie  chloride  with  plaiinate  qf  calcium,  PtCl^Ca*Pt'*0\  is  pro- 
duced, according  to  Dobereiner,  by  exposing  the  chloride  mixed  with  milk  of  lime  and 
a  large  quantity  of  lime-water  to  sunshine,  as  a  white  precipitate  which  turns  yellow- 
ish on  boiling. 


OTAVnias  or.    (See  Ctanidxs,  ii.  260.) 

PXJkTIMVII,  BBTBCnrXOV  AVA  BSTIItATIOV  09r^l.  Blow fipe 
reactions. — ^All  platinum-compounds  are  reduced  to  spongy  platinum  in  the  inner 
flame ;  none  of  them  give  any  colours  to  borax  or  microcosmic  sut  The  spongy  plati- 
num cannot  be  ftised  mto  a  globule  before  the  blowpipe. 

2.  Reactions  in  Solution. — ^Platinum  almost  always  occurs  in  solution  in  the 
form  of  tetrachloride,  thereactions  of  which  have  been  already  detailed.  Solutions 
of  platinie  oxygen-salts,  the  sulphate  and  nitrate,  for  example,  exhibit  for  the 
most  part,  the  same  reactions ;  with  potash  or  ammonia  however,  they  fcrm  a  yellow- 
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brown  precipitate,  and  withcMlaride  ofpotasnuM  or  ammotdumf  a  alight  yellow  precipi- 
tate of  ehloro-platinate  after  some  time  only. 

Solutions  of  platinona  salts,  e.g.  the  mi^hate  and  nitnte^  and  the  double  salts  of 
platinoaa  chloride,  are  distinguished  from  those  of  platinic  sslts  by  giving  no  precipi- 
tate with  sal-ammoniao  or  with  potash.  With  carbonate  of  potassium  or  sodium  ther  form 
a  brownish  precipitate.  Ammonia  added  to  the  solution  of  platinous  chloride  in  hydio- 
ehlorie  acid  throws  down  a  green  crystalline  precipitate  (p.  667);  carbonate  of  ammonium 
forms  no  precipitate.  With  sulphydrio  acid  and  stdphide  of  ammonium,  datinons  solu- 
tions form  a  Uack  precipitate  soluble  in  excess  of  tine  ammonium-sulphide. 

8.  Estimation  and  Ssparation. — ^For  quantitatiTe  estimation,  platinum  ia 
osuaUy  precipitated  from  its  sdutions  in  the  form  of  chloroplatinate  of  ammonium.  The 
acid  solution  of  platinum,  after  sufficient  concentration,  is  mixed  with  ayeiy  strong  solu- 
tion of  sal-ammoniac,  and  a  suflldent  quantity  of  strong  alcohol  is  added  to  render  the 
precipitation  complete.  The  precipitate  of  chloroplatinate  of  ammonium  is  then  washed 
with  alcohol,  to  which  a  small  quantity  of  sal-ammoniae  has  been  added,  and  then 
heated  to  redness  in  a  weighed  porodlain  crueibleb  whereupon  it  is  deoompoeed  and  leayea 
metallic  platinum.  Great  care  must  however  be  taken  m  the  ifluition  to  prevent  loss, 
as  the  evolved  vapours  are  very  apt  to  can^  away  small  partidws  of  the  salt  and  of 
the  reduced  metaL  The  best  mode  of  avoiding  this  source  of  error  is  to  place  the 
precipitate  in  the  crucible  enclosed  in  the  Jitter,  and  expose  it  for  some  time  to  a  mode- 
rate neat»  with  the  cover  on  the  crucible,  till  the  filter  is  charred,  and  then  to  a  some- 
what higher  temperature  to  expel  the  chlorine  and  chloride  of  ammonium.  The 
crucible  is  then  partially  opened  and  the  carbonaceous  matter  of  the  filter  burnt  away 
in  the  usual  manner.  When  these  precautions  are  duly  observed,  not  a  particle  of  pla- 
tinum is  lost.  Instead  of  isniting  tiie  the  precipitate  and  weighing  the  platinum,  the 
precipitate  is  sometimes  collected  on  a  weighed  filter,  dried  over  tiie  water-bath  and 
weighed ;  but  this  method  is  less  accurate,  because  the  precipitate  always  contains  an 
excess  of  sal-ammoniac.    (H.  B  o  s  e.) 

Chloride  of  potassium  may  also  be  used  instead  of  chloride  of  ammonium  to  precipi^ 
tate  platinum,  the  concentrated  solution  of  the  platinum  being  previously  mixed  with 
■a  sufficient  quantity  of  strong  alcohol  to  bring  the  percentage  of  alcohol  in  the  liquid 
to  between  60  and  70  per  cent  The  precipitated  cmoro-platinate  of  potassium  is  then 
washed  with  alcohol  of  60  to  70  per  cent,  and  decomposed  by  simple  ignition  in  a 
.porcelain  crucible,  if  its  quantity  is  small,  or  in  an  atmosphere  of  hydrogen  if  its 
auaotity  is  larger;  the  diloride  cSf  potassium  is  washed  out  by  water ;  and  the  platinum 
•oried,  ignited,  and  weighed. 

The  same  methods  of  precipitation  serve  also  for  the  separation  of  platinum  from 
most  other  metals,  from  all  indeed  excepting  silver,  lead,  and  meicurosum,  which  form 
insoluble  or  sparin^y  soluble  chlorides,  aid  from  the  other  metals  of  tbe  platinum 
group. 

.  From  mercury  (in  mercurous  solutions)  and  from  silver,  plaHnum  is  easily  sepa- 
rated by  prednitating  the  mercury  or  silver  with  hydrochloric  acid ;  from  le  ad  by  pre- 
cipitation with  sulphurie  acid.  To  separate  platinum  from  silver,  when  the  two 
metals  are  combined  in  an  alloy,  the  best  method  is  to  heat  the  alloy  with  pure  and 
strong  sulpkurie  acid,  dilated  with  about  half  its  weight  of  water,  till  the  sol^uric 
acid  begins  to  escape  in  dense  fbmes.  The  silver  is  thereby  converted  into  salphat<s 
•and  the  platinum  remains  behind  in  the  metallic  state.  The  sulphiUe  of  ^ver  is  dis- 
solved by  a  large  quantity  of  hot  water,  the  platinum  washed  with  hot  water,  and  again 
treated  with  sulpnurie  acid,  to  separate  the  last  traces  of  silver. 

From  iridium,  platinum  is  separated  Inr  precipitating  the  two  metals  together  with 
sal-ammoniac,  and  reducing  the  cnloro-iricbate  of  ammonium  to  soluble  chloriridite  by 
the  action  of  sulphurous  add  or  other  redudng  agents  (iii.  Zld,  320);  from  osmium, 
by  volatilising  the  latter  as  osmic  tetroxide  (p.  244);  from  palladium,  by  precipi- 
tating  that  metal  as  cjranide  (p.  828).  For  the  method  of  separating  it  from  rhodium 
and  ruthenium,  see  those  metals ;  also  Pultdtux-obb. 

4.  Atomic  Weight  of  P/a^t«tf^— Berzelius  {Lehrbuch,  6  Aufl.  iii.  1213) 
found  that  6*981  grms.  chloroplatinate  of  potassium,  2ECLPtCl^  lost  by  ignition  2*024 
grms.  chlorine^  and  left  a  mixture  of  2  822  grms.  platinum  and  2*135  grms.  chloride 
of  potassium ;  hence, 

Pt  -  l^  2KC1  -  ^^.  149-2  -  1977. 
2-136  2-136 


I  OV.  Haiimc  Fluoride,  PtF,  is  obtained,  according 
to  Berzelius,  by  dropping  a  solution  of  potassium-fluoride  into  a  neutral  aqueous  solu- 
tion of  platinic  chloride,  as  long  as  a  precipitate  of  chloroplatinate  of  potassium  con- 
tinues to  form,   evaporating  the  filtrate  to  dryness,   dissolving    out  the  platinic 
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fluoride  bv  alcohol,  adding  water,  and  i^in  evaporatiDg  at  a  heat  below  609,  The 
flaoride  then  remains  as  a  non-crystalline,  yellow,  transparent  mass,  perfectly  soluble 
in  water.  At  a  higher  temperature,  it  becomes  dark  biown,  and  when  digested  in  wa/ter 
leaves  a  brown  basic  salt  It  forms  double  salts  with  the  fluorides  of  the  alkali-metals. 


lOBnMMI  or.  HaHnoua  iodide,  PtI*  and  FlaHnio  iodide,  Ptl\ 
are  black,  amorjAous  compounds  obtained  by  precipitating  the  corresponding  chlorides 
with  iodide  of  potassium.    Both  are  soluble  in  hydriodic  add, 

Platinic  iodide  unites  with  the  more  basic  metaUio  iodides,  forming  brown  or  black 
oystallisable  compounds,  DPPt^^P  »  2MLPt*^P,  which  yield  dark  red  solutions.— The 
aminumhan^aU  crystalUsee  in  square  tablets ;  the  potauium-salt  in  black,  rectangular 
tablets  with  four-sided  pyramids  attached ;  the  Bodiumsalt  in  lead-grey,  striated,  deli- 
quescent needles. 

PX^TXVmMCp  VITIOIIB  QV*  PfN*. — Obtained  by  heating  the  compound 
4NH'.Pt'V0*  (Keiset^s  base),  to  180^  It  decomposes  suddenly  at  190^  with  evolu- 
tion of  nitrogen. 


,  OZZBHi  or.    Platinum  forms  two  oxides  corresponding  to  the 

chlorides,  namely,  Pt^'O  and  Pt^^O',  both  of  which  axe  salifiable  bases.    According  to 
£.  Davy,  there  is  alao  an  oxide  of  intermediate  composition. 


Oxide  is  obtained  as  a  hydrate,  Pt'O.H'O  or  PfHK)',  by  digesting 
platinons  chloride  in  a  warm  solation  of  potash  and  washinff  the  precipitate.  Part  of 
the  platinous  hydrate  however  remains  dissolved  in  the  alkiui  ana  may  be  precipitated 
by  neutralising  the  liquid  with  sulphuric  acid.  The  hydrate  is  a  bullry  blade  powder, 
easily  decompMed  by  heat^  giving  off  first  water  and  afterwards  o^gen.  According  to 
Berzelius,  it  may  becouTerted  by  a  very  gentle  heat  into  anhydrous  platinous  oxide,  PfO. 
It  dissolves  slowly  in  adds,  forming  unstable  salts,  the  reactions  of  which  haTealr»idy 
been  described  (p.  670).  By  boiling  hydrochloric  add  it  is  resolved  into  aqueous  pla- 
tinic chloride  and  metallic  platinum.  When  recently  predpitated  it  dissolves  in 
potash  and  in  sm^o,  forming  salts  called  platinites,  which  i^^>ear  also  to  be  formed 
when  metallic  platinum  is  heated  with  caustic  alkalis  (p.  665). 

Platinons  oxide  forms  with  ammonia  the  two  compounds  2NH'JH0  and 
4NH' J^O.HK),  which  however  are  not  produced  by  direct  combination.  (See  Platdtuk- 
BAsas.) 

MaMiite  Oxide«  Pt*^0'. — ^This  oxide  is  somewhat  difficult  to  obtain  in  the  pure  state. 
— 1.  From  most  platinum-salts  alkalis  throw  down  basic  double  salts;  but  from  platinic 
nitrate,  potash  tlm>WB  down  at  first  the  pure  hydrate,  which  may  be  separated,  and  aft-er- 
wards  the  double  salt  (Berzelius). — 2.  The  hydnte  may  also  be  obtained  by  predpi- 
tating  a  hot  solution  of  platinic  sulphate  with  carbonate  of  caldnm,  dissolving  out  the 
excess  of  that  substance  from  the  predpitate  by  means  of  acetic  acid,  and  then  washing 
it  for  a  longtime  [to  remove  the  gypsum]  (Wittstein). — 8.  Dobereiner  mixes  platinic 
chloride  with  excess  of  sodic  carbonate,  evaporates  to  dryness,  heats  the  mixture 
gently,  and  dissolves  out  the  chloride  and  excess  of  carbonate  of  sodium  with  water. 
There  then  remains  a  platinate  of  sodium  containing  NaK).3PtO'.6H'0,  from  which 
nitric  add  removes  the  soda  without  dissolving  the  platinic  oxide. 

The  hydrate  (1)  when  recently  predpitated,  has  a  raatj  colour,  like  that  of  hydrated 
f enic  oxide ;  in  drying,  it  ■l»nnkg  together  into  a  yellowish-brown  mass.  When  heated, 
it  gives  off  water,  and  turns  black  (Be  reel  ins). — (2)  is  an  umber-biown  powder 
whmh  does  not  decompose  at  100^,  but  at  a  stzonger  heat,  is  resolved,  with  explosion 
and  scattering  of  part  of  the  mass  in  the  fonn  of  a  blackish  fume,  into  aqueous  vapour, 
oxygen  gas,  and  platinum  (Wi  tts  t  ein).  When  gently  heated  it  is  converted  into  the 
anhydrous  oxide,  PtO',  which  is  a  black  powder. 

A  blue  platinic  oxide  is  formed,  according  tx>  Hittdrf^  when  platinum  dipping  into  fused 
nitrate  of  potassium  is  made  to  form  the  negative  pole  of  a  voltaic  drcuit ;  it  then  flows 
continually  from  the  platinum  in  the  form  of  a  Inue  liquid  which  afterwards  changes 
into  yellow  and  green  oxide.  In  nitrate  of  sodium,  the  oxidation  is  weaker  and  the 
blue  colour  lighter  and  flnor,  the  blue  oxide  thus  formed  changing  its  colour  only  to 
yellowish-brown. 

Platinic  hydrate  dissolves  in  adds.  The  solutions  yield  on  evaporation  unciystalli- 
sable  platinic  salts,  the  reactions  of  which  have  been  already  described  (p.  669). 
They  may  also  be  obtained  by  decomposing  a  solution  of  platinic  chloride  with  the 
potassium-salt  of  the  required  add.  Ghloroplatinate  of  potassium  is  then  predpitated, 
and  anothnr  platinic  salt  (sulphate,  nitrate,  &c.)  remains  in  solution. 

Platinic  oxide  unites  with  strong  bases,  forming  salts  which  may  be  called  plati- 
nates.  They  are  obtained  by  heating  the  corresponding  chloroplatinates  with  excess 
of  the  alkali. 

Plaiinaie  of  barium  is  precipitated,  according  to  Berzelius,  as  a  light  yellow  powdrr. 
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wben  a  platinic  salt  is  supeisatnrated  with  barjrta ;  it  is  resolyed  at  a  red  heat  into  i>la- 
tinom  and  bairta. — Platinaie  of  ealeium  is  obtained,  aeoording  to  Herschel,  by  exposing 
a  mixture  of  idatinic  chloride  and  excess  of  lime-water  to  sunshine;  but,  according  to 
Dobereiner,  the  precipitate  thus  formed  likewise  contains  chlorine  (p.  669). — PlaUnate 
of  potoMsium  is  prepared  by  mi^iwg  chloroplatinate  of  potassium  with  an  excess  of 
potassic  hydrate,  moistening  the  mass  with  water,  gradually  heatins  it  to  dull  redness 
and  remoring  the  exc«M  of  alkali  by  washing  with  water.  It  has  a  rast-brown 
colour ;  dissolres  slowly  in  hydrochloric  acid,  not  in  nitric  or  sulphuric  acid ;  is  rPsoWed 
by  heat  into  platinous  oxide  and  potash ;  and  detonates  yiolently  with  combustible 
bodies  (B era  el i us). — PUUinate  of  sodium  is  obtained  by  exposing  a  mixture  of 
aqueous  platinic  chloride  and  carbonate  of  sodium  to  sunshine,  as  a  reddish-yellow^ 
partly  crystalline  precipitate,  Ka*0.3PtO*.6H*0,  which  when  heated  to  redness,  first 
gives  off  water,  then  oxygen,  and  leaves  a  black  residue  fix>m  which  the  soda  may  be 
dissolved  out  by  water.  It  is  decomposed  by  acids,  which  dissolye  ont  the  soda  and 
leave  the  platinic  oxide.  (Weiss  and  Dobereiner,  Ann.  Ch.  Fharm.  xiv.  26.) 
Bespecting  the  compounds  of  platinic  oxide  with  ammonia^  see  TuLTixjju-BABEa, 

V&ikTanrait  OZraav-SAlura  OV.  The  oxides  of  platinum  dissolve  in 
oxygen-acids,  but  the  resulting  salts  have  but  little  stability.  Platinous  nitrite  and 
sulphite  however  unite  with  the  snlphitee  of  the  more  basic  metals,  forming  crystal- 
Usable  double  salts. 

Platinous  Nitrites. — A  solution  of  chloroplatinate  of  potassium  mixed  with 
nitrite  of  potassiom,  mdoally  deposits  potassio-platinous  nitrite,  K'Ptr(KO')\ 
in  colourless,  six-sided  prisms,  which  are  permanent  in  the  air,  sparingly  soluble  in  the 
mother-liquor,  dissolve  in  27  pts.  water  at  16^,  in  a  smaller  quantity  of  warm  water, 
«nd  separate  from  the  solution  unaltered.  By  slow  evaporation  of  a  more  dilute 
solution,  efflorescent  rhombic  prisms  of  a  hydrated  salt,  K'Pt  (N0')*.2H*0  are  obtained. 

The  corresponding  sodium-salt  is  very  soluble  in  water  and  can  be  obtained  in 
the  ciystaUine  state  only  by  evaporation  in  vacua    A  hot  saturated  solution  of  the 


(N£[^)'Pt''(NO*)^  which  by  evaporation  in  a  vacuum  is  obtained  in  pale  yellow  prisms 
permanent  in  the  air ;  its  solutionffives  off  nitrogen  when  boiled.  Mercuroso  -  pi  a- 
tinous  nitrite,  Hg|^'(NO*y.^O,  is  obtained  as  a  yellowiah-white  precipitate  by 
decomposing  the  potassium-salt  willi  a  dilute  slightlv  acid  solution  of  mercnrous 
nitrate.  Baryto-platinous  nitrate,  BaTt''(N0*)^3HK),  is  obtained!^  decom- 
posiqg  the  ailver-salt  with  chloride  of  barium,  and  evaporating  the  filtrate  at  a  gentle 
beat^  in  colourless  octahedral  crystals,  slightly  soluble  in  cold  water.  By  decomposing 
the  solution  of  this  salt  with  an  exactly  equivalent  quantity  of  sulphuric  acid,  and 
evaporating  the  filtrate  in  a  vacuum,  hydro-platinous  nitrate  or  acid  plati- 
nous nitrite,  H7t''(N0')\  is  obtained  as  a  red  saline  mass,  ooniposed  of  inoistinGt 
prismatic  crystals.  Neutral  platinous  nitrite  is  not  known.  (J.  Lang,  J.  pr.  Ghem. 
iTTTiii.  415;  K^p.  Chim.  pure,  iv.  220 ;  Jahresb.  1861,  p.  317.) 
PktHnous  sulphite  and  its  double  salts  will  be  described  under  Sulfhitb8. 

VlhiLTIMUlKf  FBOSPBXBB  OV.  Platinum  combines  readily  with  phosphorus, 
becoming  brittle  and  fusible.  Phosphide  of  platinum  is  silver-white,  hard,  has  a 
erystalline  ftactuie,  and  is  more  fusible  than  silver.  Schrotter,  by  heating  spongy 
platinum  in  an  atmosphere  of  phosphorus-vapour,  has  obtained  a  phosphide  of  platinum 
eontaining  PtP*,  having  a  density  of  8*77. 

V&ATnrUMff  saunrZBB  or.  Spongy  platinum  heated  with  pulverised 
selenium  forms  a  greyish  infusible  selenide. 

P&ATnrVMf  SZIiZCZBB  or.  When  a  mixture  of  platinum  and  charcoal- 
powder  is  exposed  in  a  hessian  crucible  to  the  heat  of  a. forge-fire,  the  silica  in  the  cru- 
cible is  reduced  by  the  charcoal,  and  the  liberated  silidum  unites  with  the  platinum, 
forming  a  brittle  compound  which  has  a  granular  fracture ;  it  dissolves  verjr  slowly  in 
nitromuriatic  acid,  because  it  becomes  covered  with  a  layer  of  silicium  which  opposes 
the  Airther  action  of  the  acid.    (Boussingault,  Ann.  Gh.  Phvs.  [2]  xvi.  6.) 

Silicium  heated  in  a  platinum  crucible  causes  the  metal  to  nise  on  the  surface,  and 
imparts  to  it  a  crystalune  texture.  If  the  heat  be  raised  to  whiteness,  the  pLatinmn 
becomes  friable.  Silicide  of  platinum  containing  10  per  cent  silicium,  is  havc^  brittle^ 
and  fusible  at  a  white  heat. 

By  fusing  platinum  with  excess  of  silicium  in  presence  of  crvolite,  a  white  compound, 
PtSi*,  is  formed  having  a  grey,  crystalline  fracture.  (Wi  n  c  k  1  e  r.  Traits  de  Cktmiepar 
Pdouze  €t  Frimy,  3-".  ed.  iii.  1268.) 

V&ATXWXt    BI&XCOr&VOBIBa    or.     The  yellow  solution  of  platinic 
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oxide  in  hydzoflaosiHcio  ftcid,  dries  up  to  a  yellowish-btown  gum,  which  when  redis* 
eolved  in  water,  leaves  a  bzown  basic  salt    (Berzelias.) 


B8  or.    Two  sulphides  of  platinum  are  known, 
analogous  in  composition  to  the  oxides. 

Platinoug  Sulphide,  Pt'S,  is  obtained  by  decomposing  platinous  chloride  with 
sulphydric  acid  or  an  alkahne  sulphide,  or  by  heating  2  pts.  of  sulphur  with  1  pt. 
of  finely  divided  platinum  or  2  pts.  of  chloroplatinate  of  ammonium.  It  is  a  black 
substance,  permanent  in  the  air,  usoluble  in  water,  scarcely  attacked  by  mineral  adds 
even  with  aid  of  heat  When  it  is  heated  in  contact  with  the  air,  the  sulphur  bums 
away  and  the  platinum  remains.  According  to  Bottger,  it  acts  upon  alcohol  in  contact 
with  the  air  like  platinum-black,  though  much  less  rapidly. 

Piatinie  Sulphide,  Pt'^S*,  is  prepared: — 1.  By  dropping  aqueous  platinic  chlo- 
ride into  the  solution  of  an  alkaline  sidphydrate,  or  by  passing  sulphydric  gas  through 
a  solution  of  sodic  chloroplatinate.  (The  precipitate  formed  by  sulphydric  acid  in  a 
solution  of  platinic  chloride  detonates  partially  when  heated.)— 2.  By  digesting  1  pt  of 
platinic  chloride  for  seyeral  days  with  4  pts.  alcohol  and  1  pt  sulphide  of  carl^n.  The 
mixture  then  concretes  into  a  black  mass,  which  when  wasned  with  alcohol  and  boiled 
several  times  with  water,  leaves  platinic  sulphide  to  be  dried  in  a  vacuum. 

Platinic  sulphide  is  black.  'Wnen  heated  in  a  closed  vessel,  it  gives  off  half  its  sul- 
phur and  is  converted  into  platinous  sulphide.  When  it  is  expos^  to  moist  air,  part 
of  its  sulphur  is  quickly  oxidised  to  sulphuric  add.  Hot  nitric  acid  converts  it  into 
platinic  sulphite. 

Platinic  sulphide  dissolves  in  alkaline  hydrates,  carbonates  and  sulphides,  fbrming 
salts  called  sulphoplatinates,  which  are  decomposed  by  acids. 

V&ATmiKv  BVIiFSOCTAVATaS  OV«    See  Sin^PHOCTAiTATES. 


(Beiset,  Compt.  rend.  x.  870;  xi. 
711 ;  xviii.  1100. — Gros,  Ann.  Ch.  Pharm.  xxvii.  241. — ^Peyrone^  ibid.  l\.  I ;  Iv.  206; 
Ixi  178.— Baewskv,  ibid.  Ixiv.  309;  bcviii.  816.— Gerhardt,  Compt  chim.  1849, 
p.  273 ;  Ann.  Ch.  Pharm.  Ixxvi.  307. — Gm.  xvi.  296  et  $e^.y—The  chlorides,  oxides, 
sulphates  &c.  of  platinum  are  capable  of  takiiig  up  ammonia^  and  forming  compounds 

which  may  be  represented  as  hydoramines  ?;g«Q  [  t  hydrochloramines  ^j^qi  [  &c, 

similarly  to  the  ammoniacal  compounds  of  mercury  (iii  921^.  In  this  manner  are 
formed  the  five  series  of  compounds  formulated  in  the  following  table,  in  which  B 
denotes  a  monatomie  chlorous  radide : 

1.  Diammonio-platinous  compounds Pt"B*  !     "    Ptf' (r* 

2.  Tetrammonio-platinous  oompounda  .  •        •       •        •    p4.'a>s  r     ^    pf"  r  -ds 
8.  Diammonio-platiiiic  oompoimdf       •       •        •       .    pfivj^4r     ""    Pf^iB* 

4.  Tetrammonio-platinic  compounds     ....     pti«B^i 

6.  Octammonio-diplatiiiic  oompounda    •        •        .        'pt*  {      f     ""     pfslo'' 

Any  number  of  atoms  of  the  monatomie  radicle  B  maybe  replaced  by  an  equivalent 
quantity  of  another  radide,  mono-  or  polyatomic,  thus  giving  rise  to  oxyoolorides, 
nitrato-chlorides,  oxalomtrates,  &c 

1.  JDiammonio-platinoue  Compounds^^^'Lheae  compounds  are  formed  by  the 
action  of  heat  on  those  of  the  following  series,  haJf  the  ammonia  of  the  latter  being 
then  given  o£  They  are  for  the  most  part  insoluble  in  water,  bat  dissolve  in 
ammonia,  reproducing  the  letiammonio-platinous  compounds:  they  detonate  when 
heated. 

ChloridB,  Pt'^f^*' — ^  ^^  compound  there  are  three  isomeric  modifications: 

a.  YdloWj  obtained  by  adding  hydrochloric  acid,  or  a  soluble  chloride,  to  a  solution  of 
diammonio-nlatinous  nitrate  or  sulphate,  or  by  boilins  the  green  modification,  7,  with 
nitrate  or  smphate  of  ammonium,  whereupon  it  dissolves  and  forms  a  solution  whidi, 
on  cooling,  deposits  the  yellow  salt;— or,  by  neutralising  a  solution  of  platinous 
chloride  in  hydrochloric  acid  with  carbonate  of  ammouiunit  heating  the  mixture  to 
Vol.  IV.  XX 
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the  boiling  pointy  and  adding  a  qnantity  of  ammonia  eonal  to  that  already  contained 
in  the  liquid,  filtering  from  adingr  green  anbatanee,  which  deposits  aftir  a  while,  ih«^n 
leaving  we  solution  to  oool,  and  decantinff  the  sapexnatant  liquid  as  soon  as  the  yellow 
salt  is  deposited.  jS.  Bed.^lt^  in  the  last  moide  of  preparation,  the  carbonate  of 
ammonium,  instead  of  being  added  at  once  in  excess,  be  added  drop  by  drop  to  the 
hydrochloric  acid  solution  of  platinous  chloride,  the  liquid  on  cooling  deposits  small 
garnet-coloured  crvstais  having  the  form  of  six-sided  tables.  This  red  modification 
may  also  be  obtained  in  other  ways  (Peyrone).  7.  Oreen, — This  modification, 
usually  denominated  the  green  $alt  of  Magnus^  was  the  first  diecorered  of  the  am- 
moniacal  platinum  compounds.  It  is  obtained  by  gradually  adding  an  add  solution 
of  platinous  chloride  to  caustic  ammonia ;  or  by  passing  sulphurous  acid  gas  into  a 
bouing  solution  of  pktinic  diloride,  till  it  is  completely  oonTerted  into  platinous  chloride 
(and  therefore  no  lon^r  gives  a  precipitate  with  sal-ammoniac)  ana  nentnlisiog  the 
solution  with  ammonia ;  the  compound  is  then  deposited  in  green  needles.  The  same 
modification  of  the  salt  may  also  be  obtained  by  adding  an  add  solution  of  platinous 
chloride  to  a  solution  of  tetrammonio-platinous  ehlonde,  N^H^'Pt'Cl'.      Hence   it 

would  appear  that  the  true  formula  of  this  ^en  salt  is  N«H**I^*C1«  -  VfCWlP^^Pt'd^ 
that  of  uie  yeUow  or  red  modidcation  being  simply  N*H*Pt"Cl'.  Either  modification 
of  the  salt,  when  heated  to  300^,  gives  off  nitrogen,  hydrochloric  acid,  and  sal-ammo- 
Biae,  and  leaves  a  residue  of  platinum, 

Platinous  chloride  fonns  similar  compounds  with  ethylamine  and  methylamino 
(p.  679). 

A  red  crystalline  compound  of  diammonio-platinous  chloride  with  chloride  of  am^ 
monium,  viz.,  N'H'PtCl*.2NH*Cl,  is  formed  wnen  a  solution  of  tetrammonio-platinous 
chloride  containing  a  large  quantity  of  sal-ammoniac,  is  evaporated  to  the  crystallising 
point  Thus,  when  a  solution  of  platinous  chloride  in  hydrochloric  add  is  precipitated 
by  ammonia,  and  the  green  salt  of  Magnus  thereby  formed  is  heated,  while  still  in  the 
licniid,  with  excess  of  ammonia,  to  convert  it  into  tetrammonio-platinous  chloride,  this 
zed  compound  separates  at  a  certain  degree  of  concentration,  togeUier  with  the  tetram- 
monio-platinous chloride.    (Grimm,  Adjl  Oh,  Pharm.  xdx.  96.) 

ntkVt 

Cyanide,  p^  >  Q^a.~0btain6d  by  adding  hydrocyanic  add  to  a  solution  of  tetram- 
monio-platinous oxide,  cyanide  of  ammonium  being  fisrmed  at  the  same  time  (Beise  t): 
N'ff^PfO  +  mCj     -     N«H'Pt"Cy«  +  2Tm*Cj  +  HK), 

Also,  by  digesting  ammonio-platinous  chloride  with  cyanide  of  silver.  It  crystal- 
lises in  fine  regular  needles  of  a  pale  yellow  colour,  soluble  with  tolerable  fiieihty  in 
water  and  ammonia.  A  poltmene  modification  of  this  compound,  N^H"Pt*Cy*  »■ 
N^H'KPtCy'.PtCy',  is  formed  by  passing  cyanogen  gas  into  a  moderately  concen- 
trated solution  of  tetrammonio-platinous  oxide;  the  cyanogen  then  decomposes  the 
water,  forming  hydrocyanic  and  cyanic  adds,  and  the  hydr^yanic  add  acts  upon  the 
tetrammonio-pladnous  oxide,  fbrming  the  compound  N^H**PtK^,  together  witJi 
ammonia  and  water: 

2N*H»«PtO   +  4HPy     -     N*H"Pt«Cy«  +  4NH»  +   2H«0. 

The  compound  N^H''Pt*Cy^  crvstallises  out  and  may  be  purified  by  recrystallisation 
from  water.  It  is  also  obtained  by  mixing  a  solution  of  tetrammonio-platinous  chloride 
with  <nranide  of  potassium.  It  forms  crystals  whidi,  under  the  microscope,  appear  like 
six-sided  tables  arranged  in  stellate  groups;  it  dissolves  without  decomposition  in 
potash,  hydrochloric  acid,  and  dilute  sidphuric  add,  but  is  decomposed  by  strong  sul- 
phuric and  by  nitric  add.    (Buck ton,  Chem.  Soc  Qu.  J.  iv.  34.) 

Iodide,  pf^fp  • — Yellow  powder,  obtained  by  boiling  the  aqueous  solution  of  the 

the  compound  K*H"Pt"P.  It  dissolves  in  ammonia,  and  is  thereby  reconverted  into 
the  latter  compound. 

Oxide,  K'n^'^O  -    ^»  ^  q./.— Obtained  by  heating  tetrammonio-platinous  hydrate 

to  110^.  It  is  a  greyish  mass  which,  when  heated  to  200^  in  a  dose  vessel,  gives  off 
water,  ammonia,  and  nitrogen,  and  leaves  metallic  platinum.  Probably  the  compound 
PtfN',  is  first  produced,  and  is  afterwards  resolved  into  nitrogen  and  platinum: 

3N«H«PtO     «     Pt«N«  +   4NH«  +   8H«0. 

The  oxide,  heated  to  200^  in  contact  with  the  air,  becomes  incandescent^  and  bums 
vividly,  leaving  a  residue  of  platinum. 
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Th*  ndphate,  ^''|.^H*0,  ana  the  <t»^r«^»  ^"||^o^\»  «9e  obtained  by  boiling 

the  iodide  with  snlj^te  and  nitrate  of  silrer:  they  are  crystalliae  and  hare  a  strong 
add  reaetion.  The  sulphate  retains  an  atom  of  crystallisation-water,  which  cannot  be 
remoYed  with0at  decomposing  tiie  salt 

2.  TetrafnmontO'platinouM  Compounds, 

Cklorid$,  p^^top* — ^^^^  oompovnd  is  prepared  by  boiling  platinoos  chloride, 

or  the  green  nit  of  Haenns,  with  aqneons  ammonia  till  the  whole  is  dtssolyed, 
and  evaporating  the  liqnid  to  the  czystaUisinff  point.  Or,  by  passing  snlphnions 
acid  gas  into  tetrachloride  of  platinum  till  de  solution  is  completely  decolorised, 
precipitating  with  carbonate  m  sodium,  dissolving  the  precipitate  ox  sodio-^latin- 
ons  sulphite  in  hydrochloric  add,  saturating  the  resulting  solution  of  chloride  of 
sodium  and  platinous  chloride  with  ammonia,  and  dissohrine  the  predpitate  of  di-  and 
tetrammonio-platinous  chloride  in  boiling  hydrochloric  add.  The  filtered  liquid  on 
cooling  deposits  the  former,  while  the  tetrammoniacal  compound  remains  in  solution 
and  may  he  obtained  by  evaporation,  mixed  however  with  sal*ammoniac.  It  separates 
in  bulky  crystals  of  a  fidnt  yellow  colour,  containing  1  at  water,  which  is  completely 
given  off  at  110^.  At  260^  it  gives  off  ammonia,  and  leaves  diammonio-platinous 
chloride.  The  anhydrous  compound  rapidly  absorbs  water  from  Uie  air.  The 
hydrate  does  not  give  off  ammonia  when  treated  with  caustic  alkalis  in  the  cold,  and  is 
but  very  slowly  decomposed  by  them,  even  with  the  aid  of  heat. 

Ethylamine  and  methylamine  form  similar  compounds  with  platinous  chloride^ 
(p.  67«). 

Tetrammomo-plaHnous  chloride  forms  two  compounds  witli  tetrachloride  of  platinum. 
The  firsts  whose  formula  is  2N«H>*Pt''a«.Pti'Cl\  is  obtained  as  an  olive-green  pre- 
dpitate on  adding  tetrachloride  of  platinum  to  a  solution  of  tetrammonio-platinous 
chloride;  the  second,  V^W^^PtTCi^SBt^^Ci*,  by  treating  the  preceding  with  excess  of 
tetzachloride  of  platinum. 

Teir€imimonio<uprieo~piaiitum$  ekiorido,  Cu*>^«  is  produced  on  adding  platinie 

ehkride  to  a  ooBcentrated  ammoniaeal  solution  of  cuprous  chloride,  as  a  violet  or  grey 
predpitate  composed  of  {wismatie  crystals,  insoluble  in  water  and  in  alcohol,  per^ 
maaeot  when  dry,  slowly  decomposed  by  water.  (Millon  and  Oommaille,  Compt. 
rend.  IviL  822.) 

The  bromide  and  iodide  of  this  series  are  obtained  by  treating  the  solution  of 
the  sulphate  with  bromide  or  iodide  of  barium :  they  crystallise  in  cuIms. 

Oxide,   p|.»((Y» — Obtained  by  decomposing  the  solution  of  the  sulphate  with 

an  equivalent  quantity  of  baryta-water,  and  evaporating  the  filtrate  in  vacuo.  A  cr^- 
talline  mass  ia  theti  Ieft»  containing  the  oxide.  It  is  strongly  alkaline  and  caustic, 
like  potash,  absorbs  carbonic  add  rapidly  from  the  air,  and  predpitates  oxide  of  silver 
firom  the  solution  of  the  nitrate.  It  is  a  strong  base,  neutralising  adds  completely,  and 
expelling  ammonia  ficom  its  salts.  It  melts  at  110^,  giving  off  water  ana  ammonia^ 
and  leaving  diammonio-platinous  oxide.  Its  aqueous  solution  do^  not  give  off  ammo- 
nia, even  when  boiled. 

Carbonates, — The  oxide  absorbs  carbonic  anhydride  rapidly  from  the  air, 
forming  first,  a  neutral  carbonate,  N^H^'PfCO'.HK),  and  afterwsrds  an  add  salt, 
N«H»«PfCO>.H«CO». 

The  sulphate,  p^'lgo**'^^  ^®  ***^''^'^*  Pt'C^NO*"^*  ^^  obtained  by  decom- 
posing the  chloride  with  sulphate  or  nitrate  of  silver ;  they  are  neutral,  and  crystallise 
easily. 

Sulphites, — ^The  salt  ^. ,  h|dht\4  ^  obtained  by  boiling  the  green  salt  of  Magnus 

in  water  with  an  equal  qnantily  of  ammonium-sulphite,  as  a  white  powder,  insoluble 
in  alcohol  and  in  cold  water,  very  slightly  soluble  in  boiling  water.  Sj^  prolonged  ebul- 
lition with  excess  of  ammonium-sulphite^  a  solution  is  formed  i^m  which  slcohol  throws 
down  oily  drops,  uniting  into  a  ^utmous  mass  of  yariaUe  compos^on ;  and  the  alcohol 
used  for  the  predpitation  deposits  after  a  while  small  yAiU  &kes  of  anoth«r  sulphite* 

^C^SO*?*    (Pcyrone,  Ann.  Ch.  Fharm.  Ixi.  178;  Bau  vi.  805.) 
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3.  Biammonic-platinie  C^mpoundi, 

The  chloride,  p^  [  ni*  >B  obtainad  hj  {Maong  chlorine  gas  into  boiling  mtn  in 

which  diammomo-platinoiifl  chloride  (the  yellow  modification,  p.  674)  is  miapaaded. 
This  componnd  is  insoluble  in  cold  water,  and  very  slightly  solable  in  boiling  water, 
or  in  water  containing  hydrochloric  add.  It  dissolyes  in  ammonia  at  a  boiling  heat, 
and  the  solution,  on  cooling,  deposits  ayellow  precipitate,  consisting  of  tetiammoniacal 
platinio  ddoride.  The  componnd  n4[^**C1*  dissolyes  in  boihng  potash  without 
erolving  ammonia.    A  polymeric  compound, 

N*IP«IVa«    -    N«H»«Pt»'a*J»t«'Cl\ 

is  obtained  by  passing  chlorine  into  water  in  which  Magnus's  green  salt  is  sasp^ded. 
A  red  crystaUine  powder  is  at  first  precipitated^  consisting  of  »*B}*J?tlCPJPtCL* ;  but  on 
continuing  the  passage  of  the  chlorine,  this  precipitate  redissolyes^  and  the  solution 
yields,  by  evaporation,  the  crystalline  compound,  K^H^'Pt'Cl'. 

Nitrate$,—Aji  axynitrate,  ^tAi^^^t  ^  obtained   by  boiling   the   chloride, 

N'H'PtCl\  for  serezal  hours  with  a  dilute  solution  of  nitrate  of  silver.  It  is  a 
yellow  crystalline  powder,  imaringly  soluble  in  cold,  more  soluble  in  boiling  water. 

The  normal  nitrate^  p^^,  |  /^^ Qty*  i>  obtained  by  dissolving  the  oxynitrate  in  nitrio 

add:  it  is  yellowish,  insoluble  in  cold  water,  soluble  in  hot  nitric  add. 

The  oxide,  N^*R**0*  »    p^^  |  q**  ^  obtained  by  addmg  ammonia  to  a  boiling 

solution  of  diammonio-platinic  nitrate ;  it  is  then  predpitated  in  the  form  of  a  heavy, 
yellowish,  crystalline  powder,  composed  of  smalt  shimng  rhomboidal  prisms ;  it  is 
neariy  insoluble  in  boiling  water,  and  redsts  the  action  of  boiling  potash.  Heated  in 
a  dose  vessel,  it  gives  off  water  and  ammonia,  and  leaves  metallic  platinum.  It 
^ssolves  readily  in  dilute  adds,  even  in  acetic  add,  and  forms  a  large  number  of  crys- 
lallisable  salts,  both  neutral  and  add,  having  a  yellow  colour,  and  sparinglv  soluble  in 
water  (Qerhardt,  Compt  chim.  1849,  p.  273).  Another  compound  of  platinic  oxide 
with  ammonia,  called  fuiminaHnff  platinum,  whose  composition  has  not  been  exactly 
ascertained,  is  produced  by  decomposing  chloroplatinate  of  ammonium  with  aqueous 
potash.  It  is  a  straw-coloured  powder  iniidi  detonates  slightly  when  suddenly  heated. 
Dot  strongly  when  exposed  to  a  gradually  increasing  heat. 

The  oxy-oxaUUe,  -mA  iS^^^Tt  ^  fS^med  by  decomposing  the  nitrate  with  oxalate  of 

ammonium.  It  is  a  light  yellow  piedpitate^  soluble  in  boiling  water,  and  detonating 
when  heated. 

The  stdphate,  vi^(QQ*\tlt  u  obtained  by  dissolving  the  oxide  in  dilute  sulphuric 

add  and  evaporating.  It  is  a  yellow  powder,  having  an  add  taste,  and  soluble  in 
boiling  water. 

4.  Teirammonio -platinic  Compounds^ 

The  oxide  of  this  series  has  not  yet  been  isolated. 

.  Chloride,  ptiTf  qi«- — Obtained  by  passing  dilorine  gas  into  a  solution  of  tetram- 

monio-platinous  chloride ;  by  dissolving  diammonio-platinic  diloride  in  ammonia,  and 
expelling  the  excess  of  ammonia  by  evaporation ;  or  by  predpitating  a  solution  of 
tetrammonio-platinic  oxynitrate  or  nitzato-chloride  (p.  677)  with  hy£ochloric  add. 
It  is  white,  and  dissolves  in  small  quantity  in  boiHng  water,  from  which  solution 
it  is  deposited  in  the  form  of  transparent,  regular  octahedrons,  having  a  faint  yellow 
tint  When  a  solution  of  this  salt  is  treated  with  nitrate  of  silver,  one  half  of  the 
dilorine  is  very  easOjr  predpitated,  but  to  remove  even  a  small  portion  of  the  remainder 
requires  a  long-continued  action  of  the  silver-salt  (Grimm).  A  compound  having 
the  formula  NfH>*PtCl*  contaiuiiifl^  therefore,  2  at  CI  and  2  at  H  less  than  the  pre- 
ceding, is  obtained  by  dissolving  (mloroplatinate  of  ammonium  in  ammonia,  and  pre- 
cipitating by  alcohol ;  but  it  does  not  crvstallise,  merely  drying  up  to  a  pale  yeUow 
resinous  mass :  hence  its  oompodtion  is  dfoubtftiL 

Chlorobromide,  H>«N*Pt*'BrH31*.— Prtpared  by  treating  tetrammonio-platinoua 
chloride  with  bromine. 
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Nitrates, — A  htjdc  nitrate  ox  (>xjfniiraU,^iA(NO^,  is  piodaced  by  boiling  the 

nitarato-chloride  b  with  ammoiiia.  It  ib  a  white  amarphoiis  powder  Blig;htl7  soluble  in 
oold,  more  solable  in  boiling  water. 

mtratO'chloride,  g^tAQSO^y.-^Tiaa  salt,  diaooTered  by  Gioa,  ia  obUined  by 

treating  Uacnas's  green  salt  with  strong  nitric  add.  The  green  compound  first  tnma 
brown,  and  is  afterwards  converted  into  a  mixture  of  platmnm  and  a  white  powder, 
which  is  dissolved  out  by  boiling  water,  and  crystallises  on  cooling  in  shining,  flattened^ 
colourless  or  pale  yellow  prisms : 

2N*H*Pta»  +  2HN0«    -    N«H«Pta«(NO»)«  +  Pt  +  2HCL 

IThis  salt  dissolves  readily  in  water,  especially  when  heated.  The  chlorine  and  pla- 
tinnm  contained  in  the  solution  cannot  be  detected  by  the  ordinaiy  reagents ;  toua 
nitrate  of  silver  and  sulphydzic  add  yield  but  very  trifling  predpitates  even  after  a  long 
time. 

OxaloeJkloride,  ^i^-J  ((TO^)".— Oxalic  add  or  an  alkaline  oxalate  added  to  the 

^^  I    Cl« 
solution  of  the  corresponding  sulphato-chloride  or  nitrato-chloride  throws  down  this  sail 
in  the  fatai  of  a  white  granmar  predpitate,  insoluble  in  water. 

Oxalo-nitrate,  ^i,^  (CH)^.— Deposited  as  a  white  oystalline  body  ftom  the 

edlution  of  octammonio-diplatinic  oxalo-nitrate  in  dilute  nitric  add. 

Pkoepkato-ckloride,  ^|^<  (FO^r.^HK).— Obtained  as  a  oystalline  predpitate 

(.    CI 
on  mixing  a  warm  concentrated  solution  of  the  nitrato-chloride  with  trisodic  phos- 
phate ;  fi^m  cold  dilate  solutions  the  salt  crystallises,  after  a  longer  time,  in  radiate 
groups  of  small,  white,  strongly  lustrous  needles.     It  is  nearly  insoluble  in  cold, 
and  only  slightly  soluble  in  bomng  water.    (Raewsky.) 

Sulpkaio-ehloride,  tw^-^  (SO^)". — Obtained  by  treating  tetrammonioplatinic  chlo- 

ride  or  nitrato-chloride  with  dilute  sulphuric  add,  or  by  mixing  the  solution  of  the 
nitrato-diloride  with  a  strong  solution  of  a  soluble  sulphate.  It  ciystaliises  in  slender 
needles,  sparingly  soluble  in  cold,  moderately  soluble  m  boiling  water.  The  sulphuric 
add  in  the  solution  is  not  predpitated  by  barium-salts.  The  sulphato-chloride  is, 
however,  decomposed  by  hydrochloric  or  nitric  add,  either  of  which  takes  the  place  o{ 
the  sulphuric  acid,  reproducing  the  chloride  or  nitrato-chloride.    (Gros.) 

6.  OctammoniO'dipi'atinic  Compounds^ 

Osynitrate  ot  BaBioNiirate^Ti^^ri^O^'.—THaB  salt  is  produced  by  boiling 

tatnunmonio-platinous  nitrate  (p.  675)  with  nitric  acid.  It  Is  a  colourless,  crystalline, 
detonating  salt,  slightly  soluble  in  cold  water,  more  soluble  in  boiling  water,  insoluble 
in  nitric  add.    (Gerhard t) 

cP  * — '^^■^  ^^  disooveied  by  Baewsky,  is  lonned 

I    Cl« 

when  Magnus's  green  salt  is  boiled  with  a  large  excess  of  nitric  add.  Red  ftimes  are 
then  evolved,  and  the  resulting  solution  debits  the  nitrat-oxychloride  in  small  brilliant 
needles  which  deflagrate  when  heated,  giring  off  water  and  sal-ammoniac  ^d  leaving 
metallic  platinum. 

*  Buewftky  aMlgnt  to  thlt  salt  tb«  formula  8NIP.Pt<CPO>.2N*0',  which  oontaint  2  at.  ox]rg«n  more 
than  that  afaioira  gTven,  and  oorroiponding  rormula  to  all  the  other  salts  of  thU  terfet*  Such  rormuls, 
however,  coiild  not  be  reduced  to  any  type  itmflar  to  those  by  which  the  other  ammoolacal  platlnumo 
compoinids  are  represented,  and  moreover  Raewsky's  platinum-determlnatlons  appear  to  be  all  too 
low,  haTlng  been  made  by  a  method  which  almost  necessarily  Involves  a  loss  of  plaUnum.  Gerhardt 
therefore  proposed  the  formulsi  above  given. 


JUitrat'Oxyehloridet  Pt*' 

Pt»T 
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The  nitric  acid  in  this  salt  uAy  be  replaced  by  an  equivalent  qoantity  of  carbonic  or 


cxaUo  add,  jielding  the  salta  Pt*' 


^  Q»  ^,  both  of  which  are  spuv 


ingly  soluble  and  easilr  crystaUiaable. 
A5a«t0O«a/<Mit<ra<&  Pt^^J)^^/,*  insoluble  in  water,  is  obtained  by  adding 

•xalflte  of  ammoniuin  to  the  oxynitiate.    (Ge r h a  rd  t.) 

Hkeoriu  of  tke  OmstUuUon  of  tke  Ammonidcai  Plaimum'^sow^omuts. 

tL  These  compounds  may  be  formulated  as  salts  of  ammonium-bases,  if  it  be  ad- 
mitted that  the  hydrogen  m  the  ammonium-molecule  may  in  some  cases  be  partly 
seplaced  by  ammonium  itaelf,  in  others  by  the  diatonuc  radicles,  PtKH,'  and  FtK>  : 
thus,  taking  the  chlorides  for  example ; 


N«H*Pt"a« 

DiAmmoDlo^ 
pbtlDoot  chloride. 

N*H««Pfa« 

TetrMBiDODio- 
pUtinoot  chlorM*. 

NTHOV^Cl* 

Diammonlo- 

l»latiBk  cblorkla. 

N*H»«Pt«'Cl* 


N«(H«Pt'O.Cl« 

Chloride  of  FlabMO- 
diamnoolniii. 

N«[HXNH7Ft«^.a«. 
Chloride  of  DiMttiDoplAtoffo- 
dlamnoolum. 

N»[H«(Pt"CPn.Cl». 

Chloride  of  Chloroplatoeo- 
dUmmooiuni. 


N«(H"Pt'^.a*. 

Chloride  of  Pbtlno- 
pbtinlc  chloride.  tekramoMmiiMi. 

In  like  manner,  diammonio-platinic  oxide,  N'H*Pt**0*,  may  be  formulated 
as  oxide  of  oxyplatosammonium,  N'[H^Pt*^0)''].0 ;  diammonio-platinic  ozynitnte, 

K»H«Pt«^U^^/,  as   nitrate  of  oxypUtosodiammmonium,  N«[H«(Pt«'0)*].(NOV; 

i»  C(NO«)* 
Baewsky's  octammonio-diplatinio-nitratoiyehloride,  N'H**JPt''{     O",  as  nitrate  of  am- 

I  a* 

mo-oi^chloro-phUino-tetrammonium,  N*[H\HH*)*(Pt«'0)•(R>'Cl«)^(NO^^  &c.,  &c 

/B.  Gerkardfa  Theory.  Qerhardt  regards  the  ammoniacal  platinum-compounds  as 
salts  of  ammonia-bases  formed  by  the  substitution  of  one  or  two  equiyalents  of  platinum 
for  hydrogen  in  a  sin^e  or  double  molecule  of  ammonia,  KH',  admitting,  howeyer,  that 
platinum  may  enter  its  compoundB  with  two  different  equivalent  weights,  namely  as 
plaiinostim  «  98*7  »  Pt,  and  as  platinicum  »  49*36  »  pt.     This  bein^  admitted. 


l(N*H«Pt''a») 

Dlammonio- 
platlnout  chloride. 

J(N<H»*Pt"a«) 

Tetrunmoalo- 
platlnoiu  chloride. 

J(N»H«Pt^'Cl<) 

DUunroonlo- 
pladiiie  chloride. 

J(N^H'«Pt«'Cl<) 
Tetremmonio< 
platiDlc  chloride. 


NH«Pt.HCl. 

Hf  drochlorate  of 
Platoc4niliie. 

N^»Pt.HCL 

Hjdrochlorate  of 
DiplatomniDe. 

NHpt».2HCL 

Dlhrdrochlorate 
of  PUUnamine. 

N«H«pt«.2HCl. 
Dlhrdrochlorate  of 
Dlplatioamlne. 


J[N*H"JPt«'(NO«)«a»]       -        N»H*pt'| 


Tetrammonio-platinlc 
NItrato-cfaloride. 


N»H»«.Pt«(NO»)«Cl«0 

OcUmmonio-diplattnio 
Ditratozychloride. 


Ha 

HNO" 
Chlorhydro-nitrato 
of  DipUfcinamtne. 


t[2N«H*pt«| 


2HN0»J-^^ 


Setqul^lorhydronUrate 
of  LMpUnntniioe. 
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These  formalse,  however,  as  well  as  those  based  on  the  ammonium-type  (p.  678^ 
must  be  regarded  merely  as  Dnmerical  expressions,  and  not  by  any  means  as  repre- 
sentations of  the  rationaJ  constitution  of  the  compounds. 

P&iLTIWBK-8AMWy  OMIAVXO*  Methyhimine  and  ethylamine  act  readily 
at  ordinaiy  temperatures  on  platinous  chloride  suspended  in  water,  forming  compounds 
analogous  in  composition  and  properties  to  Magnus's  green  salt  (p.  674).    The  methyl' 

anUn&^aU,  (CH*N)*Pt«a*  -  Pt''Cl«.(CH*N)<Ptra«,  is  a  chrome-green  powder;  the 

tthylamine-^aU,  (CH'N)*Pt'Cl^  is  chamois-coloured ;  both  are  insoluble  in  water.   The 
methylamine  salt  boiled  in  a  sealed  flask  with  excess  of  methyliunine,  gradually 


phitinous  chloride  (p.  676).  'l\it  ethylamine-ialt  (C»H'N)«.Ft' CI*,  prepared  in  like 
manner,  crystallises  in  splendid  oolonrlees  prisms  containing  2  at.  water,  moderately 
soluble  in  water,  sparingly  so  in  alcohol.  This  salt  treated  with  sulphate  of  silver 
yields  chloride  of  sQTer,  and  tetrethylammomo-platinous  sulphate  (CH'N)*.Pt*(SO*), 
in  colourless  crystals  of  considerable  size.     (Wurtz,  Ann.  Ch.  Phys.  [3]  xxx.  443.) 

Chinoline  heated  to  boiling  with  platinous  chloride  forms  a  pale  yellow  powder, 
(C*H'N)*.Pt''Cl*,  which  is  nearly  insoluble  in  water,  but  dissolyes  in  excess  of  chino- 
line, forming  a  solution  from  which  acids  throw  down  the  yeUow  hydroehlorate, 
(C«H'N)'.IH;  C1*.2HC1:  this  ktter,  when  bofled  with  chinoline,  is  reconyerted  into  the 
original  snbstaDCe.    (Qr.  Williams,  Jahresb.  1868,  p.  867.) 

Piperidine  fbrms  under  similar  circumstances,  and  with  eneigetic  action,  a  yellow 
oompound(G*H"N)*Pt''Cl*,8olubleinalargeqiiantityof  boiling  water.  (Gr.  Williams.) 


OX.    See  PLATorux  (p.  666). 

or  Native  Piatinum.  This  ore  is  usually  found  in  auriferous 
alluvial  sand  or  drift,  in  thin  scales  or  irregular  grains  not  exceeding  the  size  of  a 
small  pea,  occasionally  however  in  larger  masses  or  nuggets ;  one  of  these  weighing 
800  fframmes  was  found  in  the  gold  mine  of  Condoto,  Peru;  and  in  the  mines  of 
Demidoff  in  the  Ural,  masses  have  been  found  weighing  6j^,  9,  and  9)  kilogrammes. 

Platinum-ore  is  composed  essentlaUy  of  platinum,  indium,  osmium,  palladium, 
rhodium,  ruthenium,  iron,  copper,  and  osmide  of  iridium,  with  which  also  are  associated 
chrome-iron,  tataniferoos  iron,  small  scales  of  alloys  of  gold  and  silver,  small  hyadntha^ 
and  small  quantities  of  mercury  and  sand. 

Anaiyses:  a.  From  Giroblagodat  in  the  Ural;  non-magnetic:  a.  byBerzelius 
(Pogg.  Ann.  xiii.  486,  627,  663j;  fi.  by  Claus,  Biitrdge  zwr  Geechiehte  der  PlaHn- 
metalie,  Dozpat,  1864,  p.  60).— o.  From  Nischne  Tagilsk :  a.  by  Osann  {Rammelsber^a 
Minerakhemie,  "p.  11);  /3.  Very  dark  grey;  magnetic;  y.  Dark  grey,  non-magnetio 
grains  (Berzelius). — c.  From  Barbacon,  Oregon:  larger  grains  (Berzelius). — • 
d.  From  the  same  localitv  (Claus). — e.  From  Borneo :  small  grains  (after  deduction 
of  S'Sper  cent. osmide  of  iridium  and  0-2  gold  (Bo eking,  Ann.  Ch.  Pharm. xcvi.  243). 
— y.  From  the  same:  laminse  or  flat  grains  (after  deduction  of  3*97  per  cent,  gold  and 
8*83  insoluble  matter,  containing  osmide  of  iridium  and  1*63  per  cent,  cupric  and  ferric 
oxides)  (Bleckerode,  Pogg.  £an,  ciii.  666). 


Platinum 
Bhodium 
Iridium 
Osmium* 
Palladium 
Iron    • 
Copper 
Admixtures,  osmiri-i 
dium&o.  I 


a. 


a. 
86-60 
116 


1-10 
8*32 
0-46 

1-40 


98-92 


3. 
86-97 
0-96 
0-98 
0-64 
0-76 
6*64 
0-86 

210 


8307 
0-69 
1-91 


0-26 

10-79 

1-30 

1-80 


98-70  99-72 


78-94  I78-68 


0-86 
4-97 


0-28 

11-04 

0-70 

1-96 


98-76 


1-16 
2-36 


0-30 

12-98 

6-20 

230 


c. 


84-30 
3-46 
1-46 
103 
1-06 
6-81 
0-74 

072t 


97-86  9808 


4. 


84-80 
207 
102 
1-01 
1-00 
8-28 
0-64 


98-82 


86-10 

0-69 
0-31 

1112 
014 


98-36 


82-06 
0-69 
716 
1-84 
1-69 
6-78 
0-39 


100-00 


*  The  Ion  coostgU  partly  of  ounium. 


t  Quartz. 
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PLATINUM-ORR 


The  following  table  ooatains  the  refultfl  of  analyMB  of  platiiiiim-ore  from  Tarions 
loealitiee  by  DeTille  and  Debray. 


OolaBMSi 

caiifcraie. 

1      1^ 

Or...^ 

B^BIO* 

A.«.U.. 

Plaelnum . 

se-Mj 

80^ 

7M« 

M-M  79-»!Vt  76-M 

61*45 

45-70 

50-8 

61-40 

77-50,  70-4 

Iridium    . 

O-M 

1-56 

1«1B 

1*05    4-ao 

0-85 

0-40 

0-95 

9-9 

1-10 

1*45 

4-3 

Rhodf  am .       • 

1*40 

s-so 

1-tS 

l-OO     0-6iV 

1-95 

0-65 

9-05 

1-5 

1-85 

980 

0-3 

PaUadiiim       .       • 

O-M 

1*00 

M4 

0^ 

1-1» 

I'M 

0-15 

0-85 

1*5 

1-80 

0-85 

1-4 

Gold        .       .       . 

I -on 

1-SO 

!•» 

0*80 

o-a6 

1-90 

0>85 

815 

9-4 

1-90 

• 

0-4 

Copper    . 

0*60 

0-65 

0«l 

1*40 

0-75 

1-95 

915 

1-05 

1-1 

1-10 

9-15 

4-1 

Iron  •       •       ■       • 

7-80 

7-W 

7-41 

••75 

4-45 

6*10 

4*10 

6-80 

4-8 

4-65 

9-00 

11-7 

Otm-irtdlom   . 

0-96 

1*40 

7-W 

1-10 

4-95 

7-«5 

17*80 

9*85 

95-0 

9600 

»85 

05 

8«id.       .       .       . 

O-Sft 

4<S5 

»41 

S-95 

S-60 

1-50 

9-00 

88-95 

1-9 

1-90 

1-00 

1-4 

Lead         .       .       . 

• 

•    • 

•       e 

•    • 

•    • 

0*55 

Otmlam  and  loM   • 

•        • 

• 

•      • 

•    • 

0-05 

1-95 

•    • 

0HI5 

0-8 

•       a 

m 

lOO'M 

100*15 

li»» 

lOl'lft 

lOODO 

lOOiM) 

100« 

100-00 

90-8 

100-90  lOOHM 

IQlf5 

MEetliodi  of  Aaalyvia.  The  flnt  complete  method  of  analysinff  platinnm-oreiras 
giTen  bj  Benelius  in  1828 ;  this  will  be  found  folly  described  in  ^vuUn*$  Handbook 
(▼i.  269—264).  Clans  in  1854  (Beitroffe  eur  GetchkhU  der  PiaHnmetaUe)  proposed 
a  simpler  and  in  some  respects  more  exact  method,  and  recently  another  meuiod  has 
been  deyised  by  Deyille  and  Debray  (Ann.  Ch.  Phys.  [8]  Ivi.  886;  Jahresb. 
1869,  p.  243). 

Claua*s  Method,  a,  MeekaniaU ^treparoHon  of  the  ore  and  eoltiHon  in  nUro* 
murioHc  acid. — ^Tbis  part  of  the  operation  is  performed  by  Glaus  in  the  same  manner 
as  by  Berzelius. 

Tne  ore,  after  bein^  fireed  from  srains  of  foreign  matter  by  mechanical  separation, 
and  by  the  magnet,  is  treated  wiui  dilute  hydrochloric  acid,  which  dissolyes  frnio 
oxide  and  metidlic  iron.  It  is  then  heated  in  a  tubulated  retort  having  a  cooled 
receiyer adapted  to  it,  with  concentrated  hydrochloric  add,  to  which  strong  nitric  acid 
is  added  from  time  to  time,  as  the  action  diminishes  in  intensity.  An  excess  of  nitric 
acid  most  be  ayoided,  because  it  would  decompose  the  chloride  of  iridium,  and  cause 
the  separation  of  oxide  of  iridium  on  eyaporation.  The  heat  is  continued  till  the 
residue  in  the  retort  becomes  syrupy  and  solidifies  on  cooUng ;  the  saline  mass  is 
dissolved  in  a  small  quantity  of  hot  water ;  and  the  solution  is  carefully  decanted  from 
the  insoluble  residue.  The  distillate,  which  has  a  yellowish  colour  arising  from  chloride 
of  platinum  which  has  spirted  over,  is  then  poured  upon  the  residue,  and  distilled 
again,  without  boiling,  whereupon  a  colourless  distillate  of  dilute  osmic  add  is  obtained. 
Should  the  residue  still  contain  any  soluble  matter,  it  must  be  again  treated  in  tha 
same  manner  with  aqua-regia. 

The  distillate  is  neutralised  with  ammonia  or  lime ;  saturated  with  sulphydrie  add 
g|as  in  a  bottle  nearly  filled  with  it ;  and  set  aside  for  some  days  with  the  bottle  closed 
till  the  precipitate  settles  down ;  after  which  the  watery  liquid  is  separated  from  the 
sulphide  of  osmium  by  decantation  and  filtering.  In  this  manner  the  quantity  of 
osmium  in  the  distillate  is  determined  (p.  244). 

p.  Separation  of  the  othtr  metaU. — The  mode  of  separation  is  founded :  first,  on  the 
insolubility  of  chloroplatinate  of  ammonium,  and  the  corresponding  salts  of  iridium, 
osmium  and  ruthenium,  also  of  chlororuthenite  of  ammonium,  m  sal-ammoniac  solution ; 
secondly,  on  the  solubility  of  chloriridite  of  ammonium  (iii  318),  and  of  tiie  cor- 
responding rhodium-salt  in  sal-ammoniac  solution ;  and  thirdly,  on  the  conyertibility 
of  chloriridate  of  ammonium  into  chloriridite  by  the  action  of  sulphydrie  add. 

The  solution  containing  the  platinum  &o,,  aiW  being  separated  from  the  residue, 
IS  evaporated  to  dryness  over  the  water-bath  in  a  porcelain  basin,  and  heated  for  some 
time  m  a  sand-batL  to  140° — 160°  in  order  to  conyert  the  tetrachloride  of  iridium  into 
trichloride.  A  small  quantity  of  hydrochloric  add  is  then  added ;  the  whole  is  dissolyed 
in  water,  and  mixed  with  a  strong  solution  of  sal-ammoniac ;  and  the  resulting  pre- 
dpitate  of  chloroplatinate  of  ammonium  is  collected  on  a  weighed  filter,  washed  with 
duute  sal-ammomac^  then  with  alcohol  of  0*80° :  when  dried  and  weighed  it  gives  tha 
quantity  of  platinum.  This  platinum  contains  merely  a  small  quantity  of  iridium, 
from  wnich  it  may^  be  freed  bv  eolation  in  nitromuriatic  acid  containing  an  excess  of 
nitric  add.  The  iridium  is  then  left  behind,  and  maybe  calcined  with  the  filter,  then 
reduced  by  hydrogen  and  wdffhed. 

The  mother-liquors  from  whioh  the  chloroplatinate  of  ammonium  has  separated,  are 
mixed  with  the  wash-waters,  and  exposed  to  the  action  of  a  current  of  chlorine  UU 
they  assume  the  brown-red  colour  of  tetrachloride  of  iridium,  then  eyaporated  to 
diyiieas  over  the  water-bath ;  and  the  dry  mass  reduced  to  fine  powder  is  treated  with 

*  Gold  (If  any)  counted  with  the  Ima. 
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alcohol  of  80  per  cent  till  the  washincs  become  quite  eoloinless.  The  fllteied  liqnid 
contaioB  all  the  mm  and  copper — ^whi<m  may  be  determined  by  the  ocdinaiy  methooEK— 
with  scarcely  any  traces  of  the  platinam-metal& 

The  residue  insoluble  in  alcohol  contains  all  the  platinnm-metals  except  osmiom ; 
the  quantity  of  mtheninm  in  it  is  howeyer  too  small  to  be  estimated.  By  wasluDg  it 
with  a  dilnte  solution  of  sal-ammoniaC|  till  the  liquid,  which  is  red  at  first,  ruDs  off 
colourless,  the  rhodium  and  palladium  are  entirely  dissolTcd,  while  platinum  and 
indium  remain  behind  (A\  The  solution  is  eraporated  to  dryness ;  the  diy  residue 
is  calcined  in  a  closed  platinum  crocible,  then  reauced  by  hydrogen,  and  the  mixture 
of  rhodium  and  pallMdium  is  weighed.  The  two  metals  are  then  treated  with  nitres 
muriatic  acid;  the  resulting  solution,  n^iich  contains  all  the  palladium  together  witii 
a  little  rhodium,  is  eyaporated  nearly  to  dryness,  mixed  with  a  drop  of  caustic  soda- 
solution,  and  precipitated  with  cyanide  of  mercury ;  and  the  precipitate,  after  waslung^ 
dryinff,  and  ignition,  is  reduced  with  hydrogen  and  weighed  as  palladium.  The 
quantity  of  this  metal  deducted  ttom  the  total  weightof  the  two  metals^  giyes  the  weight 
of  the  rhodium. 

The  residue  (A)  containing  platinum  and  iridium  is  heated  with  water  to  the  bcnling 
pointy  and  mixed  with  a  <^uantity  of  aqueous  sulphydric  acid,  sufficient  to  convert  the 
tetrachloride  of  iridium  mto  trichlonde.  The  liquid,  highly  concentrated  but  not 
filtered,  is  next  mixed  with  a  strong  solution  of  sal-ammoniac,  whereby  all  the  i^atinnm 
is  precipitated,  and  the  iridium  retained  in  solution.  The  liquid  is  filtered;  the  pie- 
cipitate  washed  with  a  strong  solution  of  sal-ammoniac ;  the  filtrate  erapofated  to 
d^ess;  the  salt  cardfuDy  ignited ;  and  the  iridium  weighed  after  reduction  in  a 
stream  of  hydrogen.  The  platinum-salt  is  likewise  iffmted,  and  the  quantity  of 
platinum  which  remains  is  added  to  that  preriously  obtamed.  To  prevent  loss,  it  is 
advisable  to  wrap  up  the  saline  mixture, '  which  contains  a  large  quantity  of  sal- 
ammoniac,  in  filter-paper,  and  ignite  it  as  carefully  as  possible. 

The  residue  insoluble  in  nitromuriatic  acid  is  disintegrated,  according  toWohler'n 
method  (iii.  814),  by  mixing  it  with  chloride  of  sodium,  and  igniting  it  three  timeM 
in  a  stream  of  moist  chlorine.  The  mass  is  then  digested  several  times  with  water, 
and  the  united  solutions,  which,  besides  a  large  quantity  of  common  salt,  contain  all 
the  platinum-metals  (but  only  a  small  quantity  of  palladium)  and  considerable 
quantities  of  iron  and  copper,  are  strongly  concentrated  and  treated  with  chlorine  to 
convert  the  trichloride  of  indium  into  tetrachloride.  A  strong  solution  of  sal-ammoniac 
is  then  added,  which  after  a  while  throws  down  the  whole  of  the  platinum,  iridium, 
ruthenium,  and  osmium,  while  rhodium,  palladium,  iron  and  copper  remain  in  solution. 
The  precipitate  is  washed  with  water  containing  sal-ammomac,  then  dissolved  in 
boiling  water,  and  the  solution  is  kept  for  some  time  at  the  boiling  heat,  and  mixed  with 
a  few  drops  of  ammonia,  which  precipitates  osmium  and  ruthenium.  To  separate 
these  metals,  the  precipitate  is  fased  m  a  silver  crucible  with  a  mixture  of  2pts.  nitrate 
and  1  pU  hydrate  of  potassium,  and  the  fused  mass  is  treated  with  distilled  water, 
whereby  a  solution  of  osmiate  and  rutheniate  of  potassium  is  obtained.  The  ruthenium 
is  then  precipitated  as  trioxide  by  nitric  add,  and  separated  from  any  osmium  that  it 
may  still  contain  bv  distillation  with  nitric  acid;  the  osmium  in  the  solution  is  like- 
wise separated' in  the  same  manner.  The  residae  containing  ruthenium  and  nitrate  of 
potassium  is  treated  with  hydrochloric  acid,  and  the  liquid  is  concentrated  by  evapora- 
tion. On  cooling  it  deposits  crystals  of  nitre,  and  the  mother-liquor,  on  further  con- 
centration, deposits  chlororutheniate  of  potassium,  from  which  the  ruthenium  maybe 
separated  in  the  metallic  state  (see  Ruthenium). 

The  solution  containing  the  platinum  and  iridium  is  treated  for  the  separation  of 
these  metals  in  tiie  manner  above  described.    See  also  Osiobidiuh  (p.  240). 

Deville  and  Dehray*8  method, — 1.  To  determine  the  sand  (quartz,  ziroon, 
chrome-iron,  and  titaniferous  iron),  2  grammes  of  the  ore  are  fused  in  a  small  eartheu 
crucible,  with  7  to  10  grammes  of  pure  granulated  silver  and  10  grammes  of  fused  borax ; 
and  after  cooling,  the  button  of  silver  which  contains  the  osmium,  platinum,  and  all 
the  other  metals,  is  detached,  and  digested  if  necessary,  with  weak  hydrofluoric  add, 
to  remove  the  last  portions  of  bcraxi — ^then  dried,  heated  to  redness,  and  weighed. 
The  weight  of  the  button  deducted  from  the  sum  of  the  weights  of  the  ore  and  the 
silver  employed,  gives  the  quantity  of  sand  in  the  ore. 

2.  To  detennme  the  Osmiridium. — Two  grammes  of  the  ore  are  digested 
at  70^  with  nitromuziatic  add  (composed  of  2  vols,  strong  hydrochloric  and  1  voL 
strong  nitric  add)  till  the  platinum  &c  is  completely  dissolved,  ronewing  the  nitro- 
muriatic add  till  it  no  longer  becomes  colourod  after  12  or  15  houra^  action.  The 
solution  is  very  carefully  decanted  from  the  reddue  (any  spaneles  of  osmiridium 
that  it  may  depodt  on  standing  being  collected  on  a  filter  and  added  to  the  residue) ; 
and  this  reddue  is  thoroughly  washed  by  decantation,  then  dried  and  weighed.    The 
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difference  between  this  weight  and  tivU  of  the  euid  prenooafy  deftennincd  gives  the 
weidlit  of  the  oemiridiunu 

The  reguline  mass  free  from  sand,  obtained  in  the  fint  rtage  of  the  piooesi^  majabo 
be  used  for  the  estimation  of  the  osmiridinm,  the  flilver  contained  in  it  being  dissolFod 
out  by  nitric  acid,  and  the  residue,  which  eontaina  the  oamiridinm,  treated  in  the 
manner  ju^t  described. 

8.  To  determine  the  platinum  and  iridium,  the  solution  obtained  bj  treating  the 
ore  with  nitromurialic  acid  is  evaporated  nearly  to  dryness  at  a  gentle  heat;  the  residue 
is  treated  with  a  small  quantity  of  water  (in  which  it  should  diMolve  completely),  then 
with  a  volume  of  uure  alcohol  equal  to  twice  that  of  the  water;  a  huge  excess  of  pure 
ciTstallised  chloiiae  of  ammonium  is  added;  and  the  liquid  is  gently  warmed  till  the 
eal-ammoniac  is  nearly  dissolved,  then  stirred,  and  left  at  rest  for  24  hours.  -  The 
resulting  precipitate  containinff  the  platinum  and  iridium  (but  not  the  whole)  is  col> 
lected  on  a  filter,  washed  with  sucohol  of  75  per  cent,  then  dried  and  ignited  at  the  lowest 
possible  temperature — strips  of  paper  moistened  with  oil  of  turpentine  being  repeatedly 
thrown  into  the  crucible  after  the  filter  has  been  burned,  in  order  to  reduce  the  oxide 
of  iridium  and  expel  the  last  traces  of  osmium, — and  finally  heated  to  whiteness  till  the 
weight  becomes  constant  The  mixture  of  platinum  and  iridium  thus  obtained  is 
weighed  and  digested  at  40° — 60°,  with  nitromuriatic  add  diluted  with  four  or  five 
times  its  weight  of  water,  the  liquid  being  renewed  from  time  to  time  till  it  no  longer 
becomes  coloured;  the  undissolved  portion  is  pure  iridium.  The  liquid  decanted  from 
the  above-mentioned  precipitate  (containing  platinum  and  iridium)  formed  by  the 
sal-ammoniac,  is  evaporated  till  a  great  part  of  the  sal-anmioniac  has  crystallised  out, 
and  filtered  when  cold ;  it  then  depoolta  a  small  additional  quantity  of  platiniferous 
chloriridiate  of  ammonium,  which  is  to  be  washed  with  solution  of  sal-ammoniac,  then 
with  alcohol,  and  treated  as  above. 

4.  The  alcoholic  liquid  freed  from  platinum  and  iridium  by  precipitation  with  sal- 
ammoniac  still  contains  palladium,  iron,  copper,  gold  and  rhodium.  It  is  freed  from 
alcohol  bv  warming,  from  sal-ammoniac  by  digestion  with  excess  of  nitric  acid  (which 
resolves  this  salt  into  nitrogen  and  hydrochloric  acid),  then  evaporated  nearly  to  dry- 
ness. The  residue  is  com^etely  dried  in  a  porcelain  crucible  which  can  be  eovraed, 
then  moistened  with  concentrated  aqueous  sulphide  of  ammonium,  carefully  and  com- 
pletely dried  after  addition  of  2  or  3  pts.  of  pure  flowers  of  sulphur,  and  finally 
neated  to  brisbt  redness,  the  porcelain  crucible  b^ing  placed  within  a  covered  earthen 
.crucible,  so  that  lumps  of  ckiurcoal  may  be  placed  l^ween  the  two,  and  ignited  tram 
above  downwards.  The  weighed  contents  oi  the  crucible,  consisting  of  reduced  palla- 
dium, sulphide  of  iron,  Fe*S^,  sulphide  of  copper,  Cu^,  and  metallic  gold  and  rhodium, 
are  digested  for  some  time  at  70^  with  rather  strong  nitric  acid,  which  dissolves 
palladium,  iron  and  copper;  the  solution  is  evaporated  to  dryness ;  the  residue  heated 
to  dull  redness ;  and  the  ignited  mass  treated  with  somewhat  dilute  hydrochloric  acid 
which  dissolves  the  iron  and  copper  as  ferric  and  cupric  chlorides,  leaving  palladium 
undissolved.  On  evaporating  the  solution  to  dryness  at  100^,  and  treating  the  residue 
with  aqueous  ammonia,  the  copper  dissolves  as  cupric  chloride,  while  the  iron 
remains  as  ferric  oxide.  The  ammoniacal  solution  is  concentrated,  the  copper  converted 
into  nitrate  by  addition  of  nitric  acid  and  evaporation,  then  into  cupric  oxide  by 
igniting  the  residue,  and  weighed  in  that  form.  Lastly,  Uie  portion  of  the  contents  of 
the  porcelain  crucible,  insoluble  in  nitric  add,  consisting  of  gold  and  rhodium,  is 
digested  in  weak  nitromuriatic  add,  which  dissolves  the  gold  and  leaves  the  rhodium. 

It  is  by  this  method  that  the  analyses  of  platinum-ore,  the  results  of  which  are  given 
at  page  680,  were  made.  For  the  conmierdal  assay  of  platinum-ores,  Deville  and 
Debray  give  the  following  method. 

The  gold  is  extracted  b^  repeatedly  treating  the  ore  with  small  quantities  of  mer- 
cury and  wdghed  after  distdling  off  the  mercury  from  the  liquid  amalgam.  This  pro- 
cess makes  the  amount  of  gold  rather  too  small ;  on  the  other  hand,  it  h  obtained 
slightly  in  excess  by  treating  the  ore  with  weak  nitromuriatio  add,  evaporating,  and 
igniting  the  residue. 

The  sand  is  detennined  as  above  described  (p.  681). 

To  determine  the  platinum,  60  gnns.  of  the  on  are  fused  with  76  gnns.  of  puirelead, 
60  gnns.  of  pure  well  crystallised  galena,  and  10  to  15  grms.  of  borax,  the  heat  being 
rai^  to  the  melting  point  of  silver  and  kept  at  that  temperature  till  no  more  grains 
of  platinum  can  be  perceived  on  stirring  the  fused  mass  with  a  pipe*stem,  after  which 
the  heat  is  increased  and  60  grms.  of  litharge  are  gradually  added  in  proportion  as  it 
is  reduced.  The  whole  is  then  left  to  cool,  and  the  reguline  mass,  after  being  deansed 
from  slag,  is  weighed.  The  mass,  weighing  about  200  ^rms.,  contains  the  platinum- 
metals  aUoyed  with  lead,  also  the  osmide  of  iridium  mixed  up  with  its  lower  part, 
while  the  iron  and  copper  have  passed  into  the  slag.  The  lower  portion  of  this  regulns 
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is  next  sawn  off;  the  upper  (amounting  to  about  ^hs  of  the  whole)  is  weighed  togethez 
with  the  shayings ;  a  portion  of  it>  amounting  to  Jth,  is  enrolled  with  an  exactly  weighed 
portion  of  silver  (equal  to  5  or  6  times  the  weight  of  platinum  supposed  to  be  present),' 
and  tf  neoesBuiy  with  an  additional  quantity  of  lead,  at  the  temperature  required  for  a 

Eld  assay.  The  platinum  then  remains  alloyed  with  silyer,  and  the  weight  of  the 
ier,  diminiBhed  by  that  of  the  silver  added,  gives  the  weight  of  the  platinum,  and 
ten  times  thia  weight  is  the  total  amount  of  platinum  in  the  portion  of  ore  taken  for  the 
assay*  This  resmt  is  however  affected  with  a  sUftht  error,  arising  firom  the  small 
quantity  of  osmiridium  in  the  lower  part  of  the  regn&s.  To  avoid  -this  source  of  inac- 
curacy, the  following  method  may  be  adopted. 

The  lowRF  part  (^th)  of  the  regulus  is  heated  with  ten  times  its  weight  of  nitric  acid 
diluted  with  an  equal  volume  of  water,  till  all  the  lead  is  dissolved,  and  nothing  is  left 
but  a  fine  powder  consisting  of  platinum  and  osmiridium.  This  residue^  after 
being  carefully  washed  by  decantation,  first  vnth  acidulated,  then  with  pure  warm 
water,  is  dried  and  weighed,  then  treated  with  nitiomuriatic  acid,  which  dissolves  out 
the  platinum ;  and  the  osmiridium  which  remains  undissolved  is  finally  washed,  dried, 
and  weighed.  Its  weight,  deducted  from  that  of  the  residue  insoluble  in  nitric  acid, 
gives  the  weight  of  the  platinum.    - 

The  proportion  of  platinum  found  by  the  assay  'must'  however  t>e  diminished  by 
about  4  per  cent,  to  afiow  for 'the  palladium,  rhodiam,  and  iridium  which*  exist  in  the 
ore  always  to  'the  amount  of  4*  to  5  per  cent,  and  are  not  separated  lay  the  process  just 
described. 

Platinun^-res.idues. — For  the  analysiB  of  the  matters  which  remain  undissolved 
when  platinum-ore  is  digested  in  nitromuriatic  acid  (insoluble  residues),  and  for  those 
obtained  by  precipitation  with  metallic  iron  firom  the  solution  previously  freed  from 
platinum  and  palladium  (precipitated  residues),  Deville  and  Debray  give  Uie  following 
methods. 

a.  The  insdubU  reridue$  contain  all  the  platinum-metals,  but  consist  chiefly  of  osmi- 
ridium and  sand  in  very  variable  proportions.  60  grms.  of  the  residue  are  introduced 
into  a  crucible  together  with  150  to  200  grms.  Uthaige  and  50  to  100  grms.  lead — the 
lead  at  iba  bottom,  then  the  mixture  of  platinum-residue  and  litharge,  and  pure 
lithazge  at  the  top — ^and  heated  to  redness  for  half-an-hour,  stirrine  from  time  to  time 
with  an  eardienware  rod ;  after  which  the  crucible  is  left  to  cool  and  the  reguline  mass 
is  freed  firom  slag  (the  litharge  may  be  completely  removed  by  a  few  hours'  treatment 
with  hot  acetic  add  and  subsequent  brushing).  This  mass  is  treated  with  dilute  nitric 
acid  at  100^  till  the  lead  is  completely  dissohred ;  the  solution,  which  contains  lead  and 
palladium,  is  freed  from  lead  by  a  slight  excess  of  sulphuric  add,  then  evaporated 
nearly  to  divness  at  a  temperature  not  exceeding  120° ;  the  residue  is  treated  with 
water;  and  from  the  resulting  solution,  the  palladium  is  predpitated  as  cyanide. 
The  residue  left  undissolved  by  the  nitric  add  is  thoroughly  washed  with  boiling 
water  slightly  acidulated  with  mtric  add;  then  dried  and  weighed  (let  the  weight  be 
caUed  A);  treated  with  nitromuriatic  acid,  which  quickly  dissolves  the  platinum 
together  with  a  little  iridium  and  rhodium ;  and  the  weight  (B)  of  the  unaissolved 
matter  is  determined :  this  is  osmiridium.  The  nitromuriatic  acid  solution  contains 
chiefly  platinum,  the  quantity  of  which  is  nearly  eaual  ta  A'-B,  Its  weight  may 
be  more  exactly  determined,  together  with  that  of  the  iridium,  by  precipitatiiiff  a 
finely  divided  mixture  of  the  two  metals  in  the  manner  given  at  page  681,  and  ms- 
solving  out  the  platinum  with  weak  nitromuriatic  add.  The  rhodium  may  also  be 
determined  by  the  method  already  given  for  the  analysis  of  platinum-ores. 

^.  The  preci^tated  residues  are  analysed  nearly  in  the  same  manner,  a  smaller 
quantity,  however,  viz.  10  grms.,  being  taken,  and  fused  with  10  to  15  grms.  lead  and 
30  to  40  grms.  litharge.  'Hie  resulting  metallic  mass  contains — ^beddes  lead,  which 
must  be  carefully  precipitated  as  sulphate — palladium,  to  be  predpitated  as  cyanide 
in  the  manner  above  described,  and  rhodium,  which  may  be  determined  by  evapo- 
rating the  filtered  liquid  to  dryness,  and  redudng  the  residue  with  addition  of  sulphur 
in  the  manner  described  at  page  682,  Ko.  4.  From  the  residue  insoluble  in  nitric  add, 
the  platinum  is  dissolved  by  nitromuriatic  add,  together  with  small  qaantities  of 
iridium  and  rhodium,  to  be  determined  by  methods  already  detailed,  Hnd  there 
then  remains  a  residue  consisting  chiefiy  ofiridium  together  with  a  small  quantity 
of  osmiridium  (which  was  probably  suspended  in  the  liquids  from  which  the  pre- 
cipitated residues  were  obtained).  The  slag,  consisting  chiefly  of  litharge,  contains  the 
iron  and  copper  whidi  were  present  in  the  predpitated  residues. 

The  fbllowing  are  the  results  of  the  analysis  of  several  platinum  residues  made  by. 
this  method. 
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a.  From  the  Russian  mint :  small  irregolsr  masses. 

b.  Black  powder  with  oystalline  scales. 


Afudyiis  of  Osmiridium  aceoiding  to  Deyille  and  Debra^. — ^The  sand  is  flnt 
determined  or  the  method  already  given  (p.  681).  The  osmindinm  is  then  disinte- 
grated by  fusion  with  metallic  sine  as  described^  under  Ibzdiux  (iii.  815),  then  mixed 
with  5  pts.  of  barium-peroxide,  or  8  pts.  peroxide  and  1  pt.  nitrate  of  barium,  and 
heated  moderately  for  an  hour  or  two  m  a  sUver  crucible  baring  a  dose-fitting  ooTer. 
The  mass  when  cold  is  detached  by  pressing  the  sides  of  the  crucible,  and  transferred 
to  a  capacious  porcelain  dish,  in  which  it  is  mixed  with  hydrochloric  acid  and  a  litde 
nitric  acid  (care  being  taken  to  avoid  loss  by  spirting).  The  mixture  is  heated  to 
boiling  till  the  odour  of  osmic  acid  has  entirely  £sappeared,  then  evaporated  to  dry- 
ness slowly  and  at  a  moderate  heat;  the  residue  is  digested  with  warm  water  and  a 
little  acid ;  and  the  solution  is  decanted  £rom  a  small  portion  of  silica  and  osmiridium, 
the  weiffht  of  the  latter  being  determined  and  allowed  for.  From  the  solution  the 
barium  is  precipitated  by  a  quantity  of  titrated  sulphuric  acid,  equivalent  to  the  weight 
of  the  peroxide  and  nitrate  of  barium  used  (a  very  slight  excess,  however,  does  no  harm) ; 
the  filtrate  is  treated  with  sal-ammoniac  to  precipitate  the  iridium,  ruthenium  and 
platinum ;  tbis  precipitate  is  reduced ;  the  platinum  is  dissolved  out  of  it  by  dilnta 
nitromuriatic  add ;  and  the  residue  is  fuseii  with  nitrate  and  hydrate  of  potassinnit 
whereby  it  is  resolved  into  iridium  which  remains  almost  unattacked,  and  ruthenium 
which  dissolves.  The  rhodium  (together  with  any  iron  and  copper  that  may  be  pre* 
sent)  remains  in  the  liquid  from  which  the  iridium  &c  has  been  precipitated  by  sal- 
ammoniac,  and  is  reduced  therefrom  by  the  method  already  described  (p.  682).  The 
osmium  is  estimated  by  loss,  a  methol  which  Deville  and  Debray  regarded  as  more 
trustworthy  than  the  coUection  of  the  osmic  acid  and  the  determination  of  the  nami'nm 
therefrom. 

The  compoffltion  of  several  sam^es  of  the  mineral  as  determined  by  Beville  and 
Debray,  ana  others,  is  given  under  iBiDOSMuni  (iii.  824). 

See  page  683. 

OB.    Finely  divided  platinum,  obtained  by  igni^ng  chloro- 


platinate  of  ammonium  (p.  663). 


NH'Pt — ^The  ammonia-base  supposed  by  Oerhardt  to  exist 
in  the  ammonio-platanous  compounds.    See  Platdtux-basbs,  Axxokiacal  (p.  678). 


Hypothetical  bases 
analogous  to  platosamine.    (Sec  FiJiTDnTX-BASBS,  OBOAmc^  p.  679.) 


•  With  the  oommoD  oietali  and  eipeciaUy  tUver. 
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NadTe  peroxide  of  lead,  FbO',  from  LeadhiUs,  Scotland. 

Feimginons  spinel  (see  SpnntL). 

Syn*  ^th  Waonhbitb  (see  Peosfe^tm,  p.  569). 

JSee  MiSFiCKSL  (iii  1026), 

9^9CJkMKJL  iMlcnanroiBBS.    One  of  the  aign  from  which  gelose  is  obtained 
(ii  829). 

Sjn,  with  Flxthbo-bbsmitb. 

Syn.  with  Babboin  (i.  609). 

A  hydiated  silicate  of  calcium,  Ca"SiO'.2H*0,  formed  by  the 
action  of  a  hot  mineral  spring  at  Plombi&ies  on  an  old  Boman  moitar.  It  is  deposited 
as  a  gelatinons  nodnlar  mass,  which  on  exposure  to  the  air  becomes  hard,  opaque  and 
Bnow-white.    (Daubrie,  Ann.  Min.  [5]  xiii.  214.) 

SeePRUKUs. 

r.  The  acrid  principle  of  the  root  Plumbago  europaeu  It  is  ob- 
tained by  repeatedly  boiling  the  ethereal  extract  of  the  root  with  water,  whence  it 
is  deposited  on  cooling,  and  may  be  purified  by  crystallisation  from  alcohol  or 
ether-aloohoL  It  crystiQlisee  in  delicate  needles  or  prisms  often  grouped  in  tufts ;  has 
a  styptic  saccharine  taste,  with  acrid  biting  after-taste ;  melts  rery  easily,  and  partly 
volatilises  unaltered  when  heated.  It  is  neutral,  nearly  insoluble  in  cold,  more  soluble 
in  boiHng  water,  Teiy  soluble  in  alcohol  and  ether.  It  dissolves  with  yellow  colour  in 
strong  sulphuric  and  in  Aiming  nitrio  acid,  and  is  precipitated  by  water  in  yellow 
flocks.  Alkalis  change  the  colour  of  the  solution  to  a  fine  cheny-red ;  acids  restore 
tile  yellow  colour.  Basic  acetate  of  lead  also  colours  it  red,  and  forms  a  crimson 
precipitate.    (Dulong,  J.  Fharm.  xiv.  441.) 

K    See  Cabbon  (i.  758). 

k  See  LuAD-BADiCLBS,  Obganic  (iii.  561). 

[C  OCKSM.    Native  protoxide  of  lead  (see  Lsad,  iii.  649). 

L  An  isomorphous  mixture  of  the  carbonates  of  lead  and 
calcium,  Pb''CO*.32Ca*CO*,  occurring  in  rhombohedral  forms  at  Leadhills^  and  in  the 
High  Pirn  Mine,  Wanlockhead,  Lanarkshire. 

V&vmOSBSXWZTB.  PloTtibgomme,  Bleigummif  GummUpaih. — A  lead-mineral 
resembling  gum  arabic  in  colour  and  appearance,  found  at  Huelgoet  in  Brittany, 
at  Nossi^e  near  Beaujeu,  at  Roughten  Gill,  Cumberland,  and  at  Mine  La  Motte, 
Missouri.  According  to  Beiaelius,  it  is  a  hydrated  aluminate  of  lead,  Pb*0.  A1*0'.6H*0 
orPb"AlKH.6H*0.  Damour  and  Dof^r^noy,  on  the  other  hand,  found  in  it  about  8  per 
cent,  phosphoric  anhydride,  and  acoording  to  their  analyas  it  would  appear  to  be  a 

mixture  or  compound  of  phosphate  of  lead  with  hydrate  of  alumina,  Pb'P*0'.6Al'HH)\ 
(Dana,  ii.  431.) 

FZiUMBOBTXB.    Syn.  with  BoirukNQXBiTB  (i.  661). 

PKUXOBITB.    Syn.  with  Hbtbboicobfhitb  (iii.  151). 

FlIJillMATIO  TBOVOR.  See  Gasbs,  GouAonoN  akd  Pbbssbvatiok  ov 
(ii  806). 

VJUMUIUC  AOUI.  An  acid  existing,  according  to  yerdeil(Compt.  rend,  xxxiii. 
604),  in  the  parenchyma  of  the  lunffs  of  most  animals.  It  is  very  soluble  in  water, 
insoluble  in  oold  alcohol,  but  soluble  in  boiling  alcohol,  whence  it  crystallises  in 
stellate  groups  of  shining  needles,  which  do  not  give  off  any  water  at  100^.  It  contains 
carbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur,  forms  crystallisable  salts,  and  de- 
composes carbonates  (Gerh.  iii.  924). 

yO&AmiBATZOn',  aXACSTKIOAXh    See  Elbctbicitt  (ii.  399,  429). 

yOZiAXXSATXOV,  BKAavaXZO.    See  MAGNETXbM  (iii.  757,  763). 

WOIbAMXBJLTXOM  or  ZAOKT.    See  Lxoht  (iii.  652). 

VOXAT-OX&a  A  volatile  oil  obtained  from  the  herb  of  Mentha  Pidegvum  at 
flowering  time,  by  distillation  with  water,  and  having,  according  to  £ane,  the  composi- 
tion of  camphor,  C'*K**0.  It  is  yellowish,  has  an  aromatic  odour,  a  specific  gravity  of 
0-9271  to  0-939 ;  boils  between  182^  and  185^,  and  leaves  a  small  quantity  of  solid 
matter  when  rectified.    (Handw.  d.  Chem.  vi.  615.) 

VOXiXAVZTB.    A  variety  of  native  peroxide  of  manganese  occuring  at  PUtten  in 
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Bohemia,  and,  together  with  pyrolosite,  at  Schneebei^  and  Johannisberg  in  Sbxoay. 
It  czTsCalliies,  like  pyrolosite,  in  trimetric  forms,  bat  differs  from  it  in  the  uoportaqna 
of  its  axes,  and  in  cleaving  distinctly  parallel  to  the  brachydiagonal  only,  whereas 
pyiolnsite  cloves  parallel  to  all  three  axes.  It  is  also  distingoished  by  greater  hardness. 

Pyrolosite        I    :     1-066      :    0-77II  98<»  40'  2-25 

Polianite  1    :     1*0613    :    0-6317        92<>  62'         6*6  to  7 

(Dana,  iL  131 ;  Handw.  vi.  616.) 

VOUnnni.  Volckel's  name  for  one  of  the  compounds  obtained  by  heating  snlpho- 
cyanate  of  ammonium  (q,  v.)  above  300^.  Volckel  reg^urds  it  as  isomeric  with  melamine 
or  cyanuramide  (ii.  2871 ;  but^  according  to  Liebig,  it  is  identical  with  melam  (iii.  866) 
(see  GrmelirCi  Handbook^  i^  484). 

FOXJUiBnro  F0W1>BB«  Very  fincdy  divided  ferric  oxide,  used  for  polishing 
optical  glasses,  Daguerr^type  plates,  &c. 

VO&mnrCI  S&ATa*  PoUrsckiefer, — ^A.  porous,  slaty,  fine-earthy  lock,  mostly 
of  yellowish-white  colour,  consisting  almost  entirelv  of  the  siliceous  shells  of  infosoria 
(Ehrenberg).  That  occurring  od.  the  Eritsohelberg  near  Bilin,  in  Bohemia,  was 
found  byBaumann  (RammelsSer^s  Mineralchemiet  p.  136)  to  contain  87*68  percent^ 
silica,  2*04  alumina  and  ferric  oxide,  1*09  lime,  0*30  magnesia,  and  8*89  water.  In 
some  places  it  is  found  to  be  converted  into  a  semi-opaline  substance. 

90UbVZ«  A  silicate  of  aluminium  and  caesium,  occurring,  together  with  Castor 
(p.  381),  in  the  island  of  Elba.  It  resembles  analdme  in  form;  is  colourless  and 
transparent ;  has  a  conchoidal  fracture  with  yitreous  lustre  on  the  fractured  surfaca. 
Hardness  -  ^'5,  Specific  gravity  «-  2*900.  When  heated  it  gives  off  a  little  water, 
and  becomes  transparent,  and  when  heated  on  plaUnum-wire  with  a  little  fluoride  of 
ammonium,  and  then  moistened  with  hydrochloric  acid,  it  exhibits  in  the  spectroscope 
the  two  blue  lines  of  caesium,  together  with  the  sodium-lines.  G-ives  by  aniuysis  44*03 
per  cent,  siliea,  16*97  alumina,  0*68  ferric  oxide,  0*68  lime,  34*07  oxide  of  cnsium, 
3-88  oxide  of  sodium,  and  2*40  water  -  101*71.  (F.  Fisani,  Bull  Soc.  Ghim.  [2]  L 
466.) 

Pollux  was  discovered  by  Breithaupt^  and  imperfectly  analysed  by  Plattner  (with  a 
loss  of  7  per  cent),  who  regarded  it  as  a  silicate  of  aluminium,  potassium,  and  sodium. 

VOZiTAIDS&VBITJB.  A  brownish-yellow  garnet  from  the  Franklin  frunacop 
New  Jersey,  containing,  according  to  Weber  {Sammdsbers/'s  Mifuraickeime,  p.  693), 
84*83  per  cent  silica,  1*12  alumina,  28*78  feme  oadde,  8*82  manganous  oxide,  24*06 
lime,  and  1*42  magnesia  (=s  98*97). 


VOIiTABOXTB.    A  rose-coloured  oranular  variety  of  anorthite  from  Tunaberg  ia 
Sweden,  containing,  according  to  A.  Erdmann  (SammeUber^s MintralckBmie^ pi  693) : 


SiO*. 

APO*. 

F««0». 

Mq<OS. 

C«"0. 

Ms^'O. 

Na*0. 

K«0. 

HSO. 

46-12 

36*64 

0*14 

0*30 

6*88 

0*26 

0*67 

6*93 

4*92 

:  99*86. 

A  sulpbarseno-antimonite  of  silver  and  copper,  occurring  in 
short  tabular  hexagonal  prisms,  oP  .  ooP  .  P,  having  the  principal  axis  b  1*4132. 
Angle  P:  P  in  the  terminal  edges  »  129^  32';  in  the  basal  edges  ^  I17O;  oP  :  P  » 
121°  30'.  The  terminal  planes  are  triangularly  striated  pandlel  to  the  terminal 
edges.  Cleavage  basal,  imperfect  It  occurs  also  massive  and  disseminated.  Hardness 
B  2 — 3.  Specific  gravity  »*  6*214.  Lustre  metallic.  Colour  iron-black;  thin  tabular 
etystals,  however,  appear  cherry-red  by  transmitted  light.  Streak  iron-black.  Opaque. 
Fracture  uneven. 

Analyses:  a,  from  Sehemnits;  6.  from  Freibeig  (H.  Rose,  Pogg.  Ann.  xv.  673); 
e.  from  Cornwall  (Ja/B  MisceUoMout  Chemical  Beaearckea,  Gottingen,  1863,  p.  21); 
d.  Durango,  Mexico  (H.  Bose). 

8.  8b.  Ai.  Ag.  Co.  F«.  Zn. 

a,     16*83  0-26  6*23  72*43  304  0*33  0*69  »  99*70 

6.     16*36  8*39  1*17  69*99  411  0*29  .      .  -  100*30 

e.     16*87  6*46  3*41  72*01  3*36  0*84  ...  -  100-46 

d.     17*04  6*09  3*74  64*29  9*93  006  .     .  <»  100*16 

The  mineral  is  an  isomorphous  mixture  of  sulphur-salts  (Ag;Cu)*(Sb;As)9'or 
(Ag% ;  Cu^)^Sb'S* ;  As"S*),  in  which 

Ag   t    Cu  Sb     r    Af 


in  a  and  b    ■»      9    :    i  ina-il 

inc     ■■     10    :     1  in  6     -t     9 

in<2a4:l  incandcf-l 
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Stephanite  and  iron  pyrites  occur  as  pseudomorphs  after  polybasite.    (Dana>  ii.  8fi.) 

VO&TOHBBSV-aA&T.  An  old  name  £>r  neutral  sulphate  of  potassium ;  also 
for  sodio-potassic  tartrate. 

yo&TCB&OIUn*  A  silicate  found  in  gneiss  at  Krageroe,  Norway,  crystallised 
in  0ix-sided  prisms  of  about  120*^  with  flat  summits ;  also  massive  and  reniform. 
Hardness  *  8 — 3*6.  Lustre  greasy.  Colour  blue,  green,  brown,  and  red,  rarely 
white.  According  to  an  analysis  by  Dahl  {Leonh.  Jahrb.  1846,  p.  288),  it  contains 
62  per  cent  silica,  37  alumina,  7  magnesia^  3  ferric  oxide,  together  with  lime  and 
water.    Scheerer  found  less  alumina  and  6  per  cent,  water. 

yO&TCBBOXTH.    Syn.  with  SA.FBAiaN. 

VO&TCBSOMa.    Syn.  with  AiMouiJir  (i  60). 

FOliTCgEOMTO  or  90&XCBX01BATX0  ACZB.  Syn.  with  Axoano  Acio 
(i  148). 

VOSbTCSABS.    See  KiOBiuic  (p.  67). 


A&COKO&8.    See  Ethtlbnb,  Htdratbs  of  (ii  676). 

WWUYQJkUte  AOX»  or  »OXiTOA&XV.    Syn.  with  Sbmbgin. 

VO&TOAXAXIir.  The  name  applied  by  Beinsch  (Buchn.  Repert.  xvii.  289) 
to  a  czystalline  bitter  substance  which  remains,  together  with  wax  and  chlorophyll, 
when  ue  alcoholic  extract  of  Polygala  amara  is  treated  with  ether. 

FO&TOOOTM  rACMPTSUMC.     Buckwheat  (i.  685). 

PO&TO&TCXmKO  A&COBO&8.    See  Oltcbbti^  Htdbatbs  of  (ii.  894). 

903bTBiL&ZTlL  A  crystalline  mixture  or  compound  of  Tarious  sulphates  repre- 
sented by  the  formula  ]VI'S0^2H'0,  occurring  wifh  rock-salt  iu  various  localities 
Sschl,  Aussee,  Hallstadt,  Berchtesgraden,  Giaiind,  Stassfurtb,  Vie  in  the  dept.  of  the 
eurthe,  &C.),  in  rhombic  prisms  of  115°.  The  composition  varies  considerably,  as 
shown  by  the  following  analyses:  a.  from  Ischl  (Stromeyer,  Untersucktrngeny  i. 
144) ; — h.  from  HaUstadt  (v.  Hauer,  Wien.  Akad.  Ber.  xi  386) ; — e.  fromEbensee  (v. 
Hauer); — d,  from  the  rock-salt  of  Stassfnrth  (Reichardt,  Jahresb.  1862,  p.  767). 


Cs"SO«.     Mg"SO«. 

K3804. 

NaCl.       F«sOs. 

H»0. 

a.    44-47        2008 

27-70 

0-19         0-34 

6-96 

-      98-95 

b,    6641         1104 

14-81 

12-16         .    . 

6-68 

-     100 

e.    61-18        13-63 

19-12 

0-28        0-41 

606 

-     100-52 

d,    43-44         20-56 

26-22 

0-68  Mg'Cl* 

7-47 

»       98-27 

See   LACTIC   Acid 

and 

Licno    'En 

(iii.  461—464). 

A  variety  of  augite  from  Hoboken,  New  Jersey,  containing,  accord- 
ing to  Thomson  {Outlines,  i  495),  40*04  silica,  9*42  alumina,  34*08  ferrous  oxide^ 
6*6  manganous  oxide,  11-64  lime,  and  0-40  water. 

PO&YMBSX8M.  Bodies  are  said  to  be  polymeric  when  they  have  the  samn 
percentage  composition,  but  different  molecular  weights;  the  olefines  OH*^  for  ex- 
ample (see  IsoMBBiSM,  iii.  416). 

90&TBEZCIWXTS.  A  mineral  occurring  at  Fredriksvam,  Norway,  in  trimetrie 
crystals  sometimes  an  inch  long,  imbedded  in  felspar  and  zircon-syenite.  Axes 
a:b:e  -  1:10308:0-7252.  Angle  ooP :  ooP'=  9144';  oP :  Poo  «  144°  3'. 
Observed  combination  ooi^oo  .  oP  .  2P2  .  aI^co  .  2l*oo  .  Poo .  Cleavage  parallel  to 
ool^oo  and  oP  in  traces.  The  crystals  are  usually  slender  and  longitudinally  striated. 
Hafdness  ■-  6*5.  Specific  gravity  «  4-77 — 4*86.  Lustre  submetallic.  Colour  black. 
Streak  dark  brown.  Opaque.  Fracture  conchoifdal.  It  contains,  according  to 
Berzelius  (Kongl.  Vetensk.  Akad.  Forhandl.  1824,  ii«  339),  46*30  per  cent,  titanic 
oxide,  14*14  zirconia,  12*20  ferric  oxide,  2*70  mang^ic  pxide,  5*00  oeric  oxide, 
1 1*50  yttria,  and  4*20  lime.  The  difSculty  of  separating;  the  tetanic  oxid^  and  zirconia 
renders  the  analysis  somgwhat  uncertain. 

yOSbTXOSPBZBM.  A  body  is  said  to  be  polymorohons  when  it  erystallises  in 
two  or  more  forms  not  derivable  one  from  the  other  (see  Ddcobphism,  ii  331). 

VO&TBI&IOXO  ACZB8.    See  Silicates. 

FO&T8PBSBXTS>  Brown  lead-ore  from  the  Sonnenwirbel  mine  near  Freibeig 
(p.  667). 

POWTBRMBims.  Hydrocarbons  polymeric  with  oil  of  turpentine  (see 
Tkbebemb). 
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»OXi' 


See  TiTBAHBDBin. 


!0  AOIDB*    See  SnupHCB,  0xT0xir-Acn>8  or* 
An  old  name  of  native  platinum. 
An  old  name  for  impure  aine-oxide,  anblimed  in  the  roasting  of 


VOMMOIi 

line-orea  and  in  the  melting  of  hnMS :  alaocalled  NikUum  allmm, 

FOTOAMIA.  The  seeds  of  Ponffomia  glabra  contain  27  per  cent  of  a  dark- 
yellow  fiit  oil,  having  a  specific  graTity  of  0*945,  a  poisonous  odour  and  bitter  taste^ 
and  solidifying  at  8^    (Lepine,  J.  Pbarm.  [8]  zL  16.) 


yoo« 


A  variety  of  sooledte  from  Poonah  in  Hindoetan. 

The  buds  of  Populus  nigra  and  P.  pyramidalis  contain  a 

colouring  matter  called  chrysinie  acid,  associated  with  salicin,  a  Tolatile  oil,  and  a 
resinous  substance.  To  extract  the  chzysinic  add,  the  aloohoUc  extract  of  the  bods  is 
treated  with  basic  acetate  of  lead;  the  solution,  freed  from,  lead  by  sulphydric 
acid  and  filtered,  is  eT^xirated  to  dnrness;  and  the  residue  is  treated  with  water  to 
remoTe  salicin,  Uien  freed  from  resin  mrredissolring  it  in  alcohol,  and  precipitating  a 
second  time  with  basic  acetate  of  lead.  The  liquid,  if  left  to  itself,  after  beinff  freed  from 
lead,  deposits,  after  a  while,  a  white  powder  consisting  of  chzysinic  add,  which  may  be 
purified  by  reeiystallisation  from  aloc^oL 

Chzysinic  acid,  C"H*0*,  crystallises  in  thin  fragile  lamine,  perfectly  white  if  pre- 
senred  from  contact  with  ammoniacal  yapours.  It  is  anhydrous,  bears  a  heat  of  200^ 
without  decomposing,  and  sublimes  in  fine  needles  at  a  higher  temperature.  It  is 
nearly  insoluble  in  water,  soluble  in  boiling,  less  soluble  in  cold  alcohol,  soluble  in 
ether. 

Chzysinic  add  dissolyes  with  a  fine  yellow  colour  in  strong  sulphuric  add  and  in 
alkalis ;  bairta  and  lime  also  colour  it  yellow,  but  do  not  dissolve  it  easily.  Nitric 
add  first  colours  it  yellow,  then  decomposes  it ;  acetic  add  and  hydrochloric  add  have 
no  action  upon  it  With  iron-salts  it  forms  a  dirty-green  precipitate ;  with  neutral 
lead-acetate,  no  predpitate ;  with  the  basic  acetate  a  slight  predpitate,  soluble  in 
acetic  add.  The  alcoholic  solution  of  the  add  mixed  with  chloride  of  lime  becomes 
yellow  in  the  cold  and  red  when  heated. 

Chrynnate  of  potasnum  Grystallises  in  slender  needles  ;  the  antmomum-$alt  is  ob- 
tained by  evaporation  in  spherical  masses.  The  barium-salt,  CB}*'BarO*,  is  obtained 
by  adding  a  boiling  alcoholic  solution  of  chzysinic  add  to  an  excess  of  bazyta-water ; 
and  is  deposited  on  cooling  as  a  yellow  powder.  (J.  Piccard,  J.  pr.  Chem.  xdii.  869 ; 
BuU.  Soc.  Chim.  1865,  ii.  144.) 


The  black  poppr  (Papaver  Bomniferum,  var.  nigrnm\  which  has  red 
flowers  and  black  seeds,  is  cultivatea  chiefly  for  the  fat  oil  yidded  bv  its  seeds ;  the 
white  poppy  (P.  somniferum,  var.  album,  sometimes  regarded  as  a  distinct  swedes  and 
called  P.  Officinale),  having  white  flowers  and  seeds,  for  the  production  of  opium. 

The  seeds  of  the  white  popp^  (Pavot  Uanc,  var.  a  yeux  ouverU)  have  been  found  hj 
8 ace  (Ann.  Ch.  Phys.  [3 J  xxvii  473)  to  contain  (csdudve  of  8-03  per  cent  hygro- 
sconic  moisture)  46*1  per  cent  expressed  oil,  9*5  frit  oil  extracted  by  ether,  together 
witn  colouring  and  odoriferous  matters,  3*5  volatile  substance^  23*3  pectous  substanoes, 
12*6  protdn-compounds,  and  5*9  woody  fibre. 

The  elementanr  composition  of  the  seed,  oil-cake,  and  oil,  <A  the  white  poppy  filtered 
without  access  of  air,  were  founds  be  as  follows : 


Carbon        •        •        .        • 
Hydrogen    .        •        •        • 
Nitrogen      .... 
Oxygen  and  loss  . 
Ash 

Seed. 

OlNcakff. 

OH-cake  aftor 

exbaoktloo  with 

•cber. 

on. 

62*23 
9-20 
3*59 

17*97 
700 

47*74 

6*76 

5-97 

28-94 

10-59 

42-27 

6-04 

7-64 

80-86 

13-20 

76-68 
11-68 

11*74 

The  ash  of  the  seed  contained  0*82  KK),  4*47Na*0,  2808  Ca'0, 4*33  MgfO,  1*99  80*, 
4*84  SiO«,  17*66  C0»,  37-81  P«0». 

Wild  en  stein  (J.  pr.  Chem.  liv.  200)  has  examined  the  ash  of  the  seed  and  herb 
(t.  f.  stalks,  leaves,  and  cleansed  roots)  of  the  black  poppy,  srown  on  the  weathered 
Taunus  slate  near  Wiesbaden.  The  dried  seed  yidded  6*12,  we  dried  hezb  7*86  per 
oent  ash,  containing — 


•       r 

"K«0. 

CaO. 

HgO. 

MntQS.   SOS. 

SeO*. 

Seed 

910 

35-36 

9-49 

trace     1-92 

3-24 

Herb 

86-37 

30-24 

6-47 

trace    6*09 

11-40 
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P«0».  FtPTO*,  KCl.    NaCl. 
30-98    0-81     7*15     194  -    99-99 
1-28     4-14    2-60    2-61  »  10000 

The  air-dried  seeds  treated  with  nitric  acid  and  chlorate  at  potassium  gave  0*0828,  and 
the  air-dried  herb,  0*0594  per  cent  sulphur. 

VOPVT-OZli.  HuiU  d^ctUUtte^  HvUe  de  Pavot — ^A  fat  drying  oil  obtained  br 
expression  from  the  seeds  of  the  black  poppj  {Papaver  wmniferum,  var.  nigrum).  H 
resembles  oUve-oil  in  ae^pect  and  odour,  and  is  quite  free  from  the  narcotic  properties 
of  opiuoL  Specific  gravitj  »  0*9249  at  — 15^.  It  solidifies  at  - 18°,  and  remains  solid 
for  a  long  time  after  the  temperature  has  risen  to  —  2^.  It  dissolves  in  25  pts.  of  cold 
and  6  pts.  of  boiling  alcohol,  and  mixes  in  all  proportions  with  ether.  Contains, 
according  to  Lefort,  77*20  per  cent,  carbon,  11*31  hydrogen,  and  11*49  oxygen;  se^ 
also  Sacc's  analysis  of  the  oil  from  white  poppy  seeds  (p.  688). 

Poppy-oil  yields  substitution-products  with  chlorine  and  bromine,  ^he  ctdorinaUd 
oil  has  a  somewhat  deeper  yellow  colour  than  the  original  oil,  about  the  same  con- 
sistence as  castor  oil  and  a  specific  gravity  of  1*070  at  3°.  It  contains  from  20*3  t6 
20*4  per  cent,  chlorine.  The  brominated  aU  containing  36*5  to  36*7  per  cent  bromine, 
has  a  slight  yellowish  tinge,  and  the  aame  oon&istenoe  as  the  preceding !  specific  gravity 
-  1-279  at  2°. 

Poppy-oil  is  used  as  an  article  of  diet  in  the  south  of  Germany  i&nd  the  north  of 
France.  It  is  employed  in  painting  to  mix  with  light  colotirs,  for  which  purpose  ib  ii 
first  bleached  by  exposure  to  the  sun  in  shallow  vessels  containing  salt  water.  (Bor 
further  details,  see  Gmelin^s  Handbook,  xyi  312.) 

VOFinuar,  C»H*«0",  orBenzoyhalidn,  C>«H>X(rHK))0».— this  substance,  dis- 
covered in  1831  by  Braconnot  (Ann.  Ch.  Pfays.  [2]  ^v.  296),  and  investigated 
chiefiy  by  Piria  (Ann.  Ch.  Phys.  [3]  xxxiv.  278 ;  xliv.  366),  exists  in  the  bark,  leaves 
and  root  of  the  aspen  {Popultu  tremila), 

Prevaration,'"!.  The  aoueous  decoction  of  the  bark  is  precipitated  with  basicf  Acetate 

of  leaa ;  the  filtrate'is  freed  from  lead  by  sulphuric  acid,  then  concentrated  and  boiled 

with  animal  charcoal;  and  the  saUcin,  which  likewise  exists  ih  the  bark,  is  left  to 

larystidlise  out  The  motber-liquor  yields  with  carbonate  of  potassium^  a  white  preoipi« 

■tate  of  populin  which  must  be  recrystallised  from  boiling  water  (Braconnot)* 

Herberser  (Buchn.  Bepert.  Iv.  204),  after  precipitating  with  basic  acetate  of  leaOi 

removed  me  lead  bj^  passing  carbonic  add  into  the  liquid,  and  evaporated  the  filtrate 

'to  a  s^rop,  from  wuck  the  populin  crystallised.    From  the  decoction  of  the  root-bark, 

populin  crystallises  after  concentration  (even  without  precipitation  t)y  basic  acetate  of 

kiul)  (Van  de  Ghejn). — 2.  The  leaves  of  the  aspen  are  Doiled  with  water;  the  de* 

coction  is  precipitated  hot  with  basic  acetate  of  lead ;  the  populin  carried  down  with 

the  precimtate  is  dissolved  out  bjr  boiling  watery  and  the  filtrate  is  evapoJteted  to  a 

■  syrup.    The  crystalline  mass  wmeh  sej^arates  is  pressed  between  linen,  heated  to 

boiling  with  60  pts.  water  and  a  littlo  animal  charcoal,  and  filtered  at  the  boiling  heat) 

the  populin  crystallises  on  cooling.    (Braconnot.) 

Properties.—Crjtltalliaed  populin,  C»H"0«.2HK),  forms  white,  silky,  Very  light 
needles,  which  give  off  part  of  their  water  between  35°  and  40°,  and  the  test  (8*43 
per  cent,  in  all)  at  a  temperature  short  of  100^.  Anhydrous  populin  melts  at  180°  to 
a  colourless  liquid  which  solidifies  to  a  vitreous  mass  on  cooling.  Populin  has  a  sweet 
taste.  It  turns  the  plane- of  polarisation  to  the  left,  to  an  extent  proporttomal  to  flla 
quantity  of  salicin  produced  by  its  decomposition  (it\fra)»  (Biot  and  Pasteur^ 
Compt  rend,  xxxiv.  607.) 

Ci^stallised  populin  mssolves  in  about  2000  pts.  of  cold  water  (Braconnot),  iq 
1896  pts.  at  9°  (Piria)  and  in.70  pts.  boiling  water  (Braconnot).  The  cold  solu- 
tion deposits  populin  on  being  saturated  with  common  salt;  the  solution  saturated  At 
the  boiling  heat  deposits  it  on  oooling.  It  dissolves  at  14^ — 16°,  in  100  pts.  absolute 
alcohol  (Biot  and  Pasteur);  in  boiling  alcohol  mor6  abulidantly  than  in  boiling 
water,  scarcely  at  all  in  ether, 

Populin  dissolves  easily  and  without  decomposition  in  cold  itcids,  not  too  concentrated, 
and  is  precipitated  partuuly  by  water,  completely  by  alkalis  (Bracohnot,  Koninck). 
According  to  Koninck,  it  dissolves  also  in  aqueous  alkalis^  and  is  precipitated  by  addL 

Aqueous  populin  does  not  precipitate  any  metallic  salt  (Braconnot).    It  aystal'' 
haes  unaltered  from  solution  in  aqueous  metallic  salts,  but  mav  be  made  to  com' 
bine  with  oeride   of   lead,  forming  a  white  substance  nearly  insoluble  in  watt^. 
(Eoninck.) 

Populin  dissolves  easily  in  cold  concentrated  acetic  acid,  and  is  precipitated  there- 
.  from  partially  by  water,  completely  by  alkalis,    (Braconnot.) 

Decompositions, — 1.  Fused  populin  heated  to  180°  gives  off  pungent  vapours  which 
condense  jn  needles ;  at  220^  it  turns  brown,  but  is  obtained  unaltered  after  solution  ill 
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aijiieomi  aleoliol  (Piria).  When  tubjeeted  to  drj  distillation,  it  ■veils  up  and  jidds 
empyremnatie  oil,  from  vUefa  benaoio  add  oystallisM  on  eooling  (Braeonno  t). — 
8.  It  bums  with  flame  and  aa  euimraumatie  resiiioiis  odour  (Braeonnoi).-^ 
8.  Heated  witli  snlphnrio  add  and  aeiiekromate  o/potamum,  it  gives  offlaige  quan- 
tities of  salicylons  add  (Piria).— 4.  By  sohitiaa  in  miric  acid  of  roedfie  gnmtj  1*30 
it  is  eonverted  into  benso-helicin,  which  cfTstaUises  after  standing  for  some  time. 
The  s<dQtion  at  the  same  time  is  eoloiued  yellow  by  nitric  peroxide  (riria) : 

0»H*0«  +  O  -  C»H»0«  +  HK). 
Weaik  nitric  add  acts  upon  popnlin  only  at  the  boiling  heat,  saUeyloos  add  bd|iig 
g^ren  oflf  horn  the  add  soration ;  ordinaiy  nitric  add  acts  violently,  prodndngyeUowisn 
erystals,  piobably  oonsistine  of  {ncric^  nitrobenaoie  and  oxalic  adds  (Piria). — 6.  With 
strong  Bidpkurie  acid  popnhn  forms  a  deep  red  solution  whence  water  throws  down  a 
red  powder  (Braconno^s  mtilin),  wh^ch,  after  the  solphnric  add  has  been  removed, 
dissolves  in  water  with  red  colour,  and  is  rppredpitsted  by  adds  (Bracon  not).  Hot 
oil  of  vitriol  carboniBM  popnlin.    (Koninck.) 

By  boiling  with  dilute  acids,  popnlin  is  resolved  into  saligenin,  bennie  add  and 
ghioose: 

C»HW  +  2HK)     -     (7H»0«  +  <rHK>«  +  COT'H)*; 

Fopalln.  Sallgeolo.        Bensole  GlucoMu 

add. 

and  the  saligenin  is  converted  by  the  ftirther  action  of  the  add  into  saliretin,  0*WH^ 
M  2C'HH>'  —  2H'0.  Concentrated  |iAM{pAort0  acid  forms  saliretin  even  in  the  cold. 
(Braconnot) 

6.  Popnlin  heated  to  100^  in  a  sealed  tabe  with  alcoholic  ammonia,  yields  salicin, 
bensamide  and  benzoic  ether.  Glaseons  ammonia  does  not  act  on  popnlin  at  160^ 
(Piria). — 7.  Heated  with  potassium-hj^raUf  it  yields  oxalate  of  potassium  (B r aeon- 
no  t). — 8.  Populin  boiled  with  ^drate  of  ealchun  or  haHum  yields  a  bensoate  and 

salidn: 

C»H«0"  -H  H*0    -     CrH«0«  +  C"H»«0». 

PopoUo.  Bentoic  Salidn. 


100  pts.  cryBtallised  popnlin  yield  28i)  pts.  bensoic  add,  tfaecsleulated  ^vantitj  bebg 
28*64  pts.  (Piria). — 9.  By  prolonged  lx>iling  with  water,  putrid  ea$ein,  and  carbonate 
of  calcium,  it  is  decomposed  with  formation  of  saligenin,  lactate  of  caldnm  and  bensoate 
ofcaldum.    (Piria.) 

Populin  is  not  altered  bv  chlorine  or  iodmB,  or  by  boiling  with  phMphoruM  and  water 
(Bracon not),  or  by  emvirin  (Piria). 

90XOS3LAZV.  The  finest  kind  of  earthenware,  made  of  the  purest  and  whitest 
elav  or  kaolin  (see  Glat,  L  1024),  and  agglutinated  by  the  addition  of  some  compound 
sncn  as  powdex«d  felspar,  which  softens  and  Aises  at  the  temperature  at  which  the  ware 
is  fired,  whereby  the  mass  is  rendered  semi-transparent^  in  tiie  same  manner  as  paper 
that  has  imbilied  melted  wax  remains  translucent  after  the  latter  has  become  fixed. 
The  fracture  of  porcelain  is  vitreous  and  not  em-Uiy,  and  the  broken  snzfiMe  does  not 
adhere  to  the  tongue  like  that  of  common  earthenware ;  it  also  possesses  much  greater 
solidity  and  strength,  and  power  of  redsting  sudden  changes  of  temperature. 

VORCB&AZV-O&AT.     See  Clat  (I  1024). 

FOBCUhAIS,  BVA.VMVm'S.    See  Glass  (il  844). 

VMtOB&AXW-SVAX.    Syn.  with  Soapolitb. 

WOWnamL    The  native  alloy  of  gold  and  palladium  (p.  826.) 

»oa»BT»XO  A<»D.  C"H*N«0»  -  C'«H*(NO«)«0« ?  (Krdmann,  J.  in-. 
Chem.  xxxviL  403. — Gm.  xvii.  183.) — An  add  produced  by  the  action  of  nitric  add 
on  euxanthone  (ii.  610) ;  so  called  from  its  property  of  produdng  a  blood-red  colour 
with  carbonate  of  ammonium.  A  solution  of  euxanthone  in  cold  nitric  add  of  specific 
gravity  1'31,  becomes  wann  on  standing,  evolves  red  vapours,  and  on  cooling  depodts 


According  to  the  mean  of  Erdmann's  analyses,  it  contains  43'63  per  cent  carbon, 
1*45  hydrogen,  11  82  nitrogen.  The  above  formula,  proposed  by  Gerharat,  which  repre- 
sents it  as  dinitro-euxanthone,  reouires  45*45  C,  1*51  H,  10*62  N,  and  42*42  0. 

Poiphyric  add  is  slightly  soluble,  with  red  colour,  in  pure  water,  insoluble  in  addu- 
lated  water,  very  slightly  soluble  in  cold,  more  soluble  in  boiling  alcohol. 

When  boiled  with  nitric  acid  it  yields  o^picric  and  oxalic  acids. 

The  porphyrates  explode  when  heated.  The  add  dissolves  in  carbonate  of  am« 
monium  forming  a  blood-red  neutral  ammonium-sa/t,  C'*H»(NH*)(NO*)*0',  sparin^ily 
soluble  with  yellowish  colour  in  water.  At  130^  it  gives  off  water  and  ammonia,  leaving 


PORPHYRITE.— POTAMOGETON.  S9l 

a  less  soluble  acid  wit,  which  crystallises  in  pale  led  featheij  crystals.  The  SQlutioQ  of 
this  salt  forms  with  chloride  of  barium,  chloride  of  calcium,  neatsal  aoetate  of  lead,  and 
Ditrate  of  silver,  red,  and  for  the  most  part  crTStalline  precipitates  which  dissolyein  a 
luge  quantity  of  water.  The  acid  ammonium-salt  throws  down  from  nitrate  of  silver 
pale  bnD|;e-coloured  (ojstalline  scales.  From  cnpric  sulphate  the  neutral  ammonium- 
salt  precipitates  blackHrad  flocks  which  beoome  granular  qn  standing  or  more  quickly 
when  heated. 

OzjporplijHe  aeld.  This  name  is  given  by  Erdmann  to  an  acid  obtaiaed, 
together  with  oxj^icric  add,  by  the  action  of  boiling  nitde  add  on  enxanthone.  It 
forms  yellow  microscopic  eryertals,  and  difibrs  ftom  porphyne  add  in  forming  with 
ammonia  a  salt  which  is  more  soluble  in  carbonate  of  unmonium  than  the  porphyiate, 
and  does  not  change  colour  from  dark  red  to  pale  red  when  heated.  The  add  ^ves  hy 
analysis  (mean)  4276  per  cent,  carbon,  1*38  hydrogen,  11*95  nitrogen  and  43*91 
oxygen,  a  compositian  diJeiing  but  little  from  that  of  porphyric  add :  hence  Laurent 
(Compt  ddm.  1849,  p.  384)  regparded  the  two  as  probably  identicaL 

MMBWXmxVS.  The  name  given  by  Strsng  to  the  melaphyr-pozphyiy  (iii  867) 
of  the  southern  range  of  the  QartB.  (For  analyses  see  Jahresberidit,  1858,  p.  769  ; 
1861,  p.  1067). 

FOBFM.'nUKBnr.  A  nentnil  substance  said  by  Merck  to  exist  in  some  lands 
of  opmim  (p.  208).  The  same  body  is  said  by  G.  Gibb  (Pbarm.  JT.  Trans.  [2]  i.  454) 
to  ttdst  in  SangwintBria  CanadenHS  (see  SikNOiJiiiABiA). 


A  rock  consisting  of  a  more  or  less  compact  felspathie  base  with 
crystals  of  felspar  (often  orthodase  or  oligodase)  and  other  minerals  imbedded  in  it. 
It  may  be  green  with  blotches  of  pale  green  or  white,  or  red  with  white  blotches 
or  specks,  beddes  other  shades  of  coloiir;  the  blotches  of  a  polished  surface  are  the 
Idspar  crystals.  The  name  is  derived  from  'wopip^pa,  purple,  on  account  of  the  brownish 
pr  bluish-red  colour  of  certain  varieties  used  by  the  andents  for  statuary.  The  several 
varieties  of  porphyry  are  named  according  to  the  nature  of  the  crystals  which  occur 
most  abundantly  m  them  e,g.  felspar-porphyry,  quartz-porphyry  &c. 
Enrite-porphyry  has  a  base  composed  of  felspar  or  a  flne-grained  mixture  of 
jFelqiar  and  quartz,  enclosing  crystals  of  various  minerals.  Augitic  porphyry  has 
^  Iwpaltic  base  endosinff  crystals  of  angite.  Granitic,  syenitic,  greenstone, 
trachyte  porphyry,  Soc,  consist  of  a  granulo-ciystalline  base,  intermixed  with  the 
■oonstitaents  of  granite,  syenite,  &c,  and  larger  crystals  of  felspar. 

>0R>01—  OKI  1  Meeraekweinthran. — ^Obtained  by  heating  the  belly-blubber 
of  the  porpoise  {DdpkinuB  JPhoetsna)  with  water.  It  has  a  dendty  of  0-937  at  16^  and 
in  the  fteah  state,  a  pale  yellow  colour,  an  odonr  of  sardines,  and  docs  not  redden 
litmus ;  but  on  exposure  to  air  and  lights  it  loses  its  odour,  beoomes  first  darker,  then 
•nearly  colourless,  and  acquires  an  add  reaction,  from  liberation  of  valerianic  add.  It 
consists  of  olein,  margazin  [palmitin],  and  valerin.  With  3  pts.  of  boiling  alcohol  of 
specific  gravity  0*821,  it  forms  a  solution  which  becomes  turbid  as  soon  as  it  is  removed 
from  the  fire :  with  1  pt.  of  alcohol  a  more  stable  solution  is  formed,  capable  of  taking 
up  any  farther  quantity  of  the  oiL  (Ghevrenl,  JSechercies,  p.  287 ;  Berth  el  ot,  Ann. 
Ch.  Phys.  [3]  xli.  253.) 

POIUPO&ZVO.  An  Italian  glass  resembling  hsematinone  (iii  3)  in  a^mmiiee, 
but,  according  to  Pettenkofer,  different  from  it  in  composition. 

See  BsEB  (i.  529,  533> 

White  radiate  masses  ftom  the  gabbro  of  Tuscany,  cleaving  parallel 
to  the  sides  of  a  prism  of  120°.  Spedfic  gravity  ss  2*4.  Swells  up  before  the  blow- 
pipe, and  fuses  to  a  white  enameL  Gelatinises  with  adds  in  the  cold.  Contains, 
according  to  Bechi  (SilL  Am.  J.  [2]  xiv.  63),  68' 12  per  cent,  silica,  27*5  alomina, 
4*87  magneda,  1*76  lime,  0*16  soda,  0*10  potash,  7*92  water,  and  appeals  to  have  been 
formed  by  the  decompodtion  of  a  zeolite. 

PO&TXJUrB  cmWHWT.  A  cement  so  called  because  it  has  the  colour  of  Portland  * 
stone.    It  is  made  by  mixing  the  argillaceous  sand  of  the  Thames  with  chalk.    (See 
Ur^s  JHcHonaiy  qfArts,  ^{r.  ilL  471.) 

POKT&AVB  91TOMM9  An  oolitic  limestone  immediatdy  underlying  tiie  Porbeck 
strata ;  so  called  firam  its  developement  in  the  island  of  Portland. 

Essential  oil  of  orange-peeL    (See  CiTBDfl^  L  1002.) 

The  composition  of  the  fennel-leaved  pond-weed  (Potamogeton 
pe^inatus)  has  been  determined  by  Hezv^  Margon  (Jahresb.  1861,  p.  735),  with  the 
following  results: 
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T/loes  (Compt.  r«nd.  hnL  864;  Jahresb.  1868,  p.  699)  finda  that,  the  gu  efolved  from 
Poiamoqeton  ^/oUatum  under  the  inllaenee  of  sanflhine  and  in  water  oontiniially 
renewed,  oonsurta  whoUj  of  oxygen  and  nitxogen  without  any  trace  of  combustible  guv 
the  compoaition  Taiying  from  46*08  per  cent  oxygen  in  the  fint  to  88*6  per  cent  on 
the  twentieth  da^.  The  same  plant  growing  in  ordinary  aSrated  water  slightly  charged 
Iritii  icarbonie  aad,  bat  not  renewed,  gaye  oat  gas  also  consisting  wholly  of  oxygen  and 
nitrogen,  and  containing  70*10  per  cent  oxygen  on  the  first,  87*62  on  the  tnud  and 
90*87  per  cent,  on  the  fifth  day. 

WOVAMMm  This  term  is  applied  sometimes  to  the  hydrate,  sometimes  to  the 
'anhydrous  oxide  of  potassium,  occasionally  also  to  the  crude  carbonate ;  it  is  best  how-* 
erer  to  restrict  it  to  the  hydrate,  either  in  the  solid  state  or  in  aqueous  solution. 

'^C^AMMMMm  Crude  carbonate  of  potassium,  obtained  by  lixinating  the  ashes  of 
land-plants  and  boiling  down  the  solution  in  iron  pots. 

yOTASB-KIMSi  A  mixture  of  hydrate  of  potassium  and  quicklime,  prepared  by 
'evaporating  a  mixture  of  caustic  potash-ley  and  lime  in  an  iron  pot|  iHd<*ining  the 
residue  in  a  crucible,  and  nibbing  it  to  fine  powder  in  a  warm  mortar.  It  acts  on 
oiganic  bodies  at  high  tempeowtures  in  the  same  manner  as  pure  hydrate  of  potaasiun, 
but  is  more  oonyenient^  beouise  it  is  less  ftisible  and  does  not  act  so  strongly  on  glass 
▼essela.    It  is  however  not  so  much  used  as  the  analogous  mixture  of  lime  and  soda. 

LSSA.    Hydrate  of  potassium  (p.  700). 

$ymM  K.  Atomie  Weight  39*1.— This  element  is  very  wid<^ly  dif* 
Aised  in  nature.  In  the  mineral  kingdom  it  occurs  as  silicate,  together  with  earthy 
silicates,  in  felspar,  mica,  dfca ;  as  sulphate,  combined  with  sulphate  of  aluminium,  in 
alum-stone;  as  chloride,  bromide  and  iodide  in  sea-water  ana  salt-deposits ;  and  as 
nitrate  in  various  soils  in  tropical  coontries.  Potassium-salts  enter  slso  mto  the  bodies 
of  plants  and  animals,  being  taken  up  br  plants  from  the  soil,  entering  into  almost 
ipveiy  part  of  the  veffeiable  structure,  and  being  thence  transfezred  to  the  animal  body, 
\vhere  they  are  fbuna  as  essential  constituents  of  many  oigans  and  fluids,  flesh  and 
milk  for  example. 

The  vegetable  kiu^dom  is  the  chief  source  from  which  potassium-compoands  are 
prraared.  l^e  potassium  in  plants  ezists  in  combination,  partly  with  inoiganic;  partly 
With  o^iganic  acids,  tartaric,  oxalic^  tatiA^  malie^  &c. ;  and  when  a  plant  is  buin^ 
the  inorganic  potassium-salts  contained  in  it,  the  sulphate,  chloride,  6^,  remain  in  the 
ash  as  such,  whilst  the  organic  salts  are  converted  into  carbonate,  and  from  this  the 
'other  salts  of  potassium,  as  well  as  the  hydrate,  or  caustic  potash,  may  be  prepared. 
Potassium-salts  are  likewise  obtained  from  the  ashes  of  manoe  plants,  nom  sevwater 
and  brine-spiings,  from  felspar  and  other  potassic  minerals,  and  from  the  washings 
x>t  sheep's  wooL    (See  PoTAB8nrx-8Ai.TS^  Manufactubu  of. 

Prepttratum  of  the  MetaL — ^Potassium  was  first  isolated  by  Davy  (in  1807),  who 
obtained  it  by  the  electrolysis  of  the  hydrate.  When  a  piece  of  this  subetance,  alightly 
moistened  by  exposure  to  the  air>  to  give  it  snffident  conducting  power,  is  pUced  on  a 
platinum-capsule  connected  with  the  negative  pole  of  a  {wwerfu  voltaic  battery  (Davy 
used  from  100  to  200  pairs  of  WoUastous  construction,  six  inches  square),  and  touched 
by  a  platinum  wire  proceeding  fh>m  the  positive  pole,  it  liquefies  and  is  decomposed, 
globules  of  potassium  appearing  on  the  capsule  and  taking  fire,  unless  they  are  quickly 
rentoved  ana  immersed  m  rock-oiL 

An  easier  method  of  obtaining  potassium  by  electrolysis  is  that  given  by  Matthies- 
een  ^(%6m.  8oc.  Qo.  J.  viii  30).  A  mixture  of  1  at  chloride  of  potassium  and  1  at 
chlonde  of  caldum  (which  mixture  is  used  because  it  melts  at  a  much  lower  tempera- 
ture than  chloride  of  potassium  alone)  is  melted  in  a  small  porcelain  crucible  over  a 
lamp^  and  sulgected  to  the  action  of  a  Bunsen's  battery  of  six  elements  with  carbon 
poles,  the  heat  being  so  regulated  that  a  solid  crust  forms  round  the  negative  carbon 
pole,  while  the  mixture  remains  ftised  and  allows  the  free  evolution  of  chlorine  at  the 
positive  pole.  When  the  decomposition  has  been  continued  in  this  manner  for  about 
twesfty  minntes)  and  the  cooled  crucible  is  opened  under,  rock-oil,  a  large  quantity  of 
potassium,  almost  chemically  pure,  is  generuly  obtained.  If  the  same  experiment  be 
repeated,  at  a  white  heat  over  a  charcoal  fire  with  an  iron  wire  as  negative  pole,  small 
globules  of  potassium  are  seen  burning  on  the  surface;  and  these  are  found  to  be 
almost  pure.    (Matthiessen.) 

For  preparing  potassium  in  large  quantities  however,  it  is  necessary  to  resort  to  other 
methods.  Gay-Lussac  and  Th^nud,  soon  after  Davy's  discovery  of.  the  metal,  showed 
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that  it  might  Iw  obtuaed  ia  greater  abnuduice  by  dMompotiug  lnrdi«t«  of  potassiuia 
with  met^c  iron  at  a  irhite  heat.  Iron  tamtDgB  irere  heat«d  to  irhiteDAsa  in  i, 
carved  guD-baml  covered  vith  a  day  lule,  and  melted  hydrate  of  potasainm  was 
Bllowed  lo  pass  slowly  over,  the  ignited  iron.  Decompoation  then  ensaed,  tiie  irot) 
taking  Dp  the  oxygen  of  Om  hydrate,  vbUe  the  potassimn  aod  hjdn^en  Ten  set  free, 
the  potasaiaia  passing  over  is  the  state  of  vapour  and  being  oondeDied  in  a  cooled 

A  still  mora  podaetiTe  method  consists  in  deeompoung  carbonate  of  potusiiim  with 
ebareoal  at  a  hi{^  temperature.  This  method,  first  suggested  bj  CDraadaiii  (Ann. 
Chim.  Ixri.  97),  was  bnnight  into  an  available  fbrm  by  BroDner  (BibL  Uoiv.  nii. 
SS),  and  has  been  still  ftaither  iroprored  by  Maresca  and  Donni  (Ana.  Ch,  Fhya. 
[3]  auT.  147).  As  intinuite  mixtiu^  of  charcoal  and  carbonate  of  potassium  is  pre- 
pued  by  igniting  about  6  lbs.  of  crude  tartar  (add  tsrtiMe  of  potaasioDi)  in  a  covered 
tron  crucible  till  it  CFSses  to  emit  Taponrs.  The  poront  miitote  thns  obtained  is 
rapidly  cooled  by  the  application  of  oold  water  to  the  outside  of  the  erndblc,  and  the 
sharred  mass,  tnoken  into  Inmpa  about  the  site  of  a  haiel-nnt,  is  qoicUy  introduced 
into  a  wiDBght-itDn  battle  (generally  one  oi  the  bottlm  in  which  mercury  ia  evaporated). 
The  bottle  is  then  introdorad  into  a  fomaoe  a  (Jig.  739),  and  placed  horitontsUy  on 
auppcala  of  Bj«-lmd[, /, /.  A  wrouj^t-iTon  tube  ^  four  inches  long,  serves  to  convey 
Fig.  739.  Fig.  7*0. 
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n  a  8haib>w  bo>  only  a 
'B.  The  iron  pliue  ihoold 

— _, „, . The  receiver  is  open  at 

both  ends,  the  socket  fitting  upon  the  neck  of  the  iron  bottle.  The  oliject  of  giving  the 
receiver  this  fluttened  form  ia  to  ensure  the  rapid  cooling  of  the  potassium,  and  thus 
to  withdraw  it  bom  the  action  of  the  carlianio  oxide,  which  is  disengaged  during  the 
entire  procese,  and  has  a  itrong  lendency  to  unite  with  the  potassium,  forming  a 
dnngeroaalj  explosive  compound.*  Before  connecting  the  receiver  with  the  tnbe  d,  the 
a™  ia  slowly  mieed  till  tie  iron  botUe  attains  a  dnU  r«d  heat,  Powdwed  vitrefled 
bons  Ib  then  sprinkled  upon  it,  which  melts  and  forms  a  coating,  serving  to  protect  the 
iron  from  oxidation.  The  heat  is  then  to  be  urged  until  it  is  very  intense,  care  being 
taken  to  raise  it  as  equally  as  possible  throughout  ev^ry  part  of  the  fomaco.  When  4 
full  reddish-white  heat  ia  attained,  vapoars  of  potaaaiam  begin  to  appear  «id  bum  with 
a  bright  flame.  The  receiver  ia  then  adjusted  to  the  end  of  t^e  tube,  which  moat  not 
project  mora  than  a  quarter  of  an  inch  through  the  iron  plate  forming  the  ftont  wall  of 
the  furnace;  otberwiae  the  tube  is  liable  to  be  obslmcted  W  the  accunmlation  of  solid 
potassiam,  or  of  the  explosive  compound  above  mentioned.  Should  any  obstruction 
occur,  it  moat  be  removed  by  thrusting  in  an  iron  bar,  and  if  this  fail,  the  fire  must  be 
immHliately  withdiswa  by  removing  the  bars  irom  the  furnace^  with  tbe  exception  of 
two  which  support  the  iron  bottle.  The  receiver  ia  kept  cool  by  the  application  of  a 
wet  cloth  to  its  outside.  When  the  operation  is  complete,  the  receiver  with  the  potas- 
sium is  removed  and  immediately  plunged  into  a  veaael  of  rectified  Persian  naphtha 
prorided  with  a  cover,  ^d  kept  cool  by  immersion  in  water.  Whan  the  appamtua  is 
uieBdeutly  cooled,  the  potasaium  ia  detached  and  pceaerved  under  naphtha. 

CHrecxef      •  =9".  "«        hwUu  whota^Hislb,  tl'lt  IhoSIbetTprB";  nVobTtrnrtlm  thS 
In  Lbtfinn  otnimir,  not  ■  pullde  coDd«ulD|  Iq  the  irceinr. 
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To  ot>tain  tho  mazimimi  produce  of  potassivin,  it  ii  necessaiT  that  the  miztiire  of 
potassic  carbonate  and  charooal  should  contain  I  at  of  the  carbonate  to  2  at.  carbon, 
such  a  mixtoxe  when  heated  being  wholly  converted  into  potansium  and  carbonic 
oxide: 

K«CO»  +  C«     -    K«  +  SCO. 

To  ascertain  whether  this  ia  the  caae,  the  bnmt  tartar  mnst  be  analysed,  and  any  de- 
mtaon  from  the  required  proportions  must  be  rectified  by  mixing  samples  of  tartar  of 
different  qualities.  But  OTen  when  the  right  pfoportuma  are  attainod,  tho  quantity 
of  crude  potassium  obtained  does  not  exoeed  one-fimith  of  the  weight  of  the  charge, 
whereas  if  the  process  oould  be  carried  on  without  loss,  the  yield  should  be  about  ona- 
ha]f|  as  162  pts.  of  the  mixture  of  carbonate  and  charcoal  contain  78  pts.  of  potassium. 
Kuhnemann  (Jahresb.  1864,  p.  180)  reeommenda  the  addition  of  chalk  to  the  burnt 
tartar,  in  such  proportion  that  the  mixture  may  contain  100  pts.  potassio  carbonate  to 
20MptB.  carbon  and  18'6  to  14  pta.  ealdo  carbonate. 

The  potassium  obtained  by  this  psoeeea  is  not  pure^  but  always  contaminated  with 
oompouids  containing  carbon  and  ooygen.  To  reraoTO  these,  it  must  be  distilled  a 
seaond  timoin  an  iron  retort,  and  this  precaution  is  essential,  aaif  the  crude  potaanum 
is  oxposed  to  the  air,  and  eyen  if  it  is  peserred  under  na^tha,  a  Uaek  detonating 
compound  is  quickly  formed,  which  explodes  violently  on  the  slightest  Mction.  The 
purified  metal  smonnts  to  about  two-thirds  of  the  quantity  opemlied  on.  A  third  dis- 
tillation may  be  necessazy  if  the  potassium  is  required  to  be  perfectly  pure.  A  little 
impure  potassium  always  remains  in  the  tube  attached  to  the  retort ;  and  to  prevent 
the  possibility  of  its  forming  the  detonating  compound  above  mentioned,  the  tube 
should  be  detached  as  soon  as  it  is  cold  and  immersed  in  water. 

Properties. — ^Potassium  is  a  bluish-white  metal  of  specific  gravity  0*866,  being  tho 
liffhtest  of  all  the  metals  except  lithium,  and  capable  of  floating  easily  on  water.  At 
O^it  is  brittle  and  has  a  aystfdline  ftacture ;  it  becomes  malleable  at  a  slightly  higher 
temperature,  soft  at  15%  pasty  at  a  few  degrees  higher,  and  completely  fluid  at  62*5% 
In  the  soft  state  it  may  be  cat  with  .a  knife,  and  two  dean  surfaces  of  the  metal  may 
be  welded  together  like  white-hot  iron.  At  a  red  heat  it  may  be  distilled,  yielding  a 
beautiful  green  vapour.  When  fireshly  cut  it  possesses  considerable  lustre,  but  instantly 
tarnishes  fh)m  oxidation  when  exposed  to  the  air ;  indeed  it  is  so  greedy  of  oxygen  that 
it  can  onlv  be  preserved  in  the  metallic  state  by  immersing  it  in  mineral  naphtha  or 
enclosing  it  in  a  sealed  tube.  When  a  few  grammes  of  the  metal  are  melted  in  a  sealed 
tube  filled  with  coal-gas,  then  left  to  cool  tm  a  few  solid  points  appear  on  the  surface, 
the  remaining  liquid  portion  poured  off  by  suddenly  inclining  the  tube,  the  solidified 
tiortion  remains  in  shining  octahedral  crystalB  belonging  to  the  dimetric  system,  and 
having  the  angle  P :  P  »  62P  in  the  terminal,  and  about  76^  in  the  basal  edges. 
(C.  £.  Long,  Cham.  Soc.  Qu.  J.  xiii.  122.) 

Potassium  when  heated  in  the  otr  to  its  point  of  volatilisation,  bursts  into  flame 
and  bums  rapidly  vith  a  violet  light  When  thrown  upon  water,  it  decomposes  the 
water  with  great  violence,  displacing  half  the  hydrogen  and  forming  hydrate  of 
potassium: 

2HK)  +  K«     «.     2KH0  +  H«. 

The  escaping  hydrogen  carries  with  it  a  small  portion  of  the  volatilised  metal,  and 
takes  fire  from  the  heat  evolved,  burning  with  a  beauti^  rose-red  flame,  while  the 
melted  metal  floats  about  on  the  water,  and  flnally  disappears  with  an  explosive  burst 
of  steam  as  the  globule  of  melted  potash  becomes  cool  enough  to  come  into  contact 
with  the  water.  Potassium  likewise  decomposes  nearly  all  gases  containing  oxygen^ 
when  heated  in  contact  with  them ;  and  at  nigh  temperatures  removes  oxygen  m>m 
almost  all  bodies  containing  that  ekanent.  On  tho  other  hand  it  is  separated  fh)m  its 
hydrated  oxide  when  very  strongly  heated  in  contact  with  iron  or  charcoal,  the  decom- 
position being  doubtless  greatly  &cilitated  by  the  volatility  of  the  potassium.  (See 
Chbxicai.  AiTOfrrT,  i.  859.) 

Potassium  absorbs  hydrogen  at  a  heat  short  of  redness,  and  is  converted  into  a 
greyish  hydride  (perhaps  HK^),  from  which  however  the  hydrogen  is  expelled  at  a 
stronger  heat. — ^Potassium  unites  directly  with  chlorine,  bromine,  iodine,  stuphur,  seie* 
nimn  and  tellurium,  burning  vividly  when  heated  in  contact  with  them. — It  also  com- 
bines with  phoephoruSf^  the  combination  being  attended  with  evolution  of  light  and 
heat  when  the  two  bodies  are  heated  together  in  nitrogen  gas ;  under  mineral  naphtha 
it  takes  place  without  visible  combustion. — When  moderately  heated  in  carbome  oxide 
gaa,  or  when  its  vapour  is  allowed  to  condense  slowly  in  an  atmosphere  of  that  gas,  it 
absorbs  the  carbonic  oxide,  formine  the  black  mass  above  mentioned  (pi  698),  from 
which,  the  metal  cannot  be  recovered. 

Potassium  is  a  monatomio  metal,  belonging  to  the  group  which  includes  the  other 
alkali-metals,  ctesium,  rubidium,  lithium,  and  sodium,  together  with  silver.     WiUx 
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.ehloriiM^  bromrae,  iodine  and  ilnoriBe,  it  forms  the  compoonda  KCi,  TTRr,  &e. ;  with 
chlorine  also  a  snbchlori.de,  K'Cl ;  with  ozjrgen  it  forma  a  protoxide,  E*0,  the  cozrea- 
pondinff  hydrate,  EHO,  a  dioxide,  EK)',  and  a  tetroziae,  £*0^;  with  anlphnr,  a 
protO0ulphid%E^,  a  anlphydrate,  EHS^  and  Beveral  polysulphides. 

VOTAaSXUMf  A&&01W  OV*  Potaaainm  forms  alloys  with  most  other  metalsi 
the  combination  being  generally  effected  by  ftising  the  two  metals  together.  Anti- 
monide^  arsenide  and  bismnthide  of  pot^aiom  are  produced  either  in  this 
manner  or  by  heating  the  respective  metals  with  cream  of  tartar.  These  compounds, 
when  distilled  with  the  alcoholic  iodides,  yield  the  arsenide,  dec,  of  the  corresponding 
alcohol-radides  (i  839,  897,  696).  The  arsenide  and  antimonide  decompose  water, 
with  evolution  of  arsenetted  and  antimonetted  hydrogen. 

An  alloy  of  potassium  and  sodium  containing  76*5  per  cent  of  the  Ibrmer,  is  i«o- 
dnoed  by  heating  hydrate  of  potassium  with  sodium  in  a  tube  eontaimnff  eaoutdiin  t6 
the  boiling  point  of  the  Hquid.  It  is  fluid  at  orcUnaiy  temperatures  and  takes  firs  ia 
contact  with  water  (Qr.  Williams,  R6p.  Ghim.  pure,  iir.  177).  Wanklyn  (ho,  tit) 
obtained  an  alloy  of  these  metals^  also  liquid  at  ordinary  temperatures,  by  heating 
acetate  of  potasmum  with  sodium. 

The  other  aUoys  of  potassium,  some  of  which  are  described  under  the  lespectm 
metali,  are  of  no  particnlar  in^Kvtance.  Respecting  die  amalgam  of  potassium,  see 
Mbbcubt  (iii  889). 

VOTASBXVMi  ATWTBM  OV*  Moncpotatiamide,  EH'N,  is  formed  when 
potassium  is  gently  heated  in  ammonia-gas.  It  is  an  olire-green  substance,  exhibiting 
a  brown  colour  by  transmitted  light  when  in  very  thin  saues;  is  a  non-conductor  of 
electricity,  melts  at  a  little  above  100^,  and  when  heated  in  a  dose  vessel,  is  resolved, 
at  a  temperature  a  little  below  redness,  into  ammonia  and  tripotassamide :  SKH'N  = 
2H'N  •(-  E'N.  At  a  dull  red  heat  the  ammonia  is  partly  resolved  into  hydrogen  and 
.nitrogen.  When  heated  to  fusion  in  the  atr  or  in  oxygen  gas,  it  bums  rapidly^  and  is 
converted  into  hydrate  of  potassium,  with  evolution  of  nitrogen.  With  toater  it  forms 
^wiTnnwia.  and  hjdrate  of  potassium : 

EH^N  -I-  H*0     »    H*N  +  HEO. 

Adds  and  alcohols  act  upon  it  in  a  similar  manner  (Gay-Lussac  and  Th^nard,  Eb' 
€keroAesphy$ic<hchimiques,l  837;  H.  Davy,  PhiL Trans.  1809,  pp.  40and460>  With 
anhjfdrouB  alcohol  it  yields  ammonia  and  ethylate  of  potassium : 

EffN  +  0»H».BLO     -    HW  +  C«».KO. 

Similarly  with  phenol.  When  warmed  with  an  ethereal  solution  of  aeeHo  an^dride,  it 
finms  acetamide  and  acetate  of  potassium : 

(C«H»0)«0  +  EffiN    «    ^^|n    +  ^i*^(0. 

LaeHde  dissolved  in  ether  acts  slowly  on  it,  ammonia  being  set  free  and  lactate  of 
potassium  formed.  An  ethereal  solution  of  succinic  anhydnde  has  no  action  upon  it-, 
with  compound  ethers  it  yields  ammonia  and  resinous  products ;  with  heneoate  and 
acetate  of  ethyl  it  yields  also  the  corresponding  potassium-salts;  with  oxalate  of  ethyl 
it  forms  oxalate  and  oxamate  of  potassium.  Sulphate  of  ethyl  and  oxalate  of  methyl 
do  not  act  upon  it.  With  chloride  of  benzoyl  dissolved  in  anhydrous  ether  it  forms 
benzamide  and  dibenzamide,  according  to  ^e  equation : 

SCTPOa  +   ZKSPN    -    ^h«*^|n  +   (^'^"^^JN  +   8Ea  +  HW. 

When  the  amide  is  brought  into  direct  contact  with  dikride  of  benzoyl  without  the 
intervention  of  ether,  a  very  violent  action  takes  place,  sometimes  attended  with  inflam- 
mation, and  a  number  of  secondary  products  are  formed,  including  hydrochloric  add, 
fwnsoic  add  and  benzoic  cyanide.  (Baumert  and  Landolt,  JiSm.  Ch.  Fharm.  cxi« 
1 ;  Jahresb.  1859,  p.  125.) 

Tripotassamide  at  yitride  of  Potassium,  E'N,  obtained  by  heating  mono- 
potassamide  without  access  of  air,  is  a  greenish-black  infusible  substance,  whidi,  when 
very  strongly  heated  without  access  of  air,  is  resolved  into  potassium  and  nitrogen.  On 
ezposore  to  the  air,  it  generally  takes  fire  spontaneously,  buminff  with  a  dark-red 
flame.  Wi^  water  it  effervesces  violently,  yielding  ammonia  and  hydrate  of  potassium; 
K^  +  8HH)  -  E'N  +  3EH0.  It  unites  with  sulphtsr  or  phosphorus  when 
heated,  forminff  a  highly  inflammable  mixture,  which  in  contact  witn  water  gives  off 
snlphydrio  acid  or  phosphoretted  hydrogen  as  well  as  ammonia.  (Gay-liussao 
Vid  Th^nard,  Davy.) 

I  or.    See  AxTOioinr  (I  317). 
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e,  AMMMMTDM  OF.  See  Potassium,  Allots  of  (p.  696).  The 
compound  K'As  is  formed  bj  heating  potassium  in  arsenetted  hydiogen.  It  is  a  ehesr- 
nut-DTOwn  powder,  which  is  aeoomposed  by  water,  giving  off  arsenetted  hydrogen,  and 
forming  hydrate  of  potassium ;  K*As  +  SH^O  »  H>As  +  3KH0.  Auoys  contain- 
ing laiger  proportions  of  arsenic  likewise  yield  solid  arsenide  of  hydrogen  (i.  371). 

FOTAflBZUXf  B03UCBB  OV  t  Potassinm  and  boron  when  heated  together, 
unite  without  inflammation,  forming  a  grey  metallic  mass,  which  conducts  electricity, 
and  is  decomposed  hj  coptact  with  water,  yielding  potash  and  hydride  of  boron  (Dayy). 
According  to  6«y-£us8ac  and  Th^nard,  the  product  obtained  as  aboye  is  only  a 
mechanical  mixture  of  boron  and  potassium. 

VOTASSZOXf  axomiia  or.  KBr. — ^Fotassinm  and  bromine  unite  directly, 
with  yiolent  inflammation  and  detonation.  The  bromide  is  also  formed  l^  heating 
potassiuni  in  hydiohromic  add  gas,  and  by  the  action  of  bromine  on  fused  iodide  of 
potMviunL  It  may  be  prepared :  1.  By  nentnilising  hydrobronuc  add  with  potash.— 
2.  By  decomposing  bromide  of  iron  with  an  equiyalent  quantity  of  potassic  carbonate. — 
8.  Together  with  the  bromate,  by  adding  bromine  to  a  solution  of  caustic  potash  till 
the  liquid  acquires  a  slight  permanent  yellow  colour.  The  bromate  may  then  be 
decompooed  by  passing  a  current  of  sulphydric  add  through  the  solution,  the  excess  of 
the  gas  enelled  by  gentle  heating  the  liquid  Altered  from  the  depodted  sulphur,  and 
eyaporated  till  it  yields  crystals  of  the  bromide  (Lowig). — ^F.  Klein  (Ann.  Gh. 
Fhtfm.  cxxyiiL  287)  prepares  the  salt  by  decompodng  bromide  of  caldum  (obtained 
by  triturating  1  pt.  amorphous  phosphorus  with  12'6  pts.  bromine  and  water,  and 
sughtly  supersaturating  the  resulting  aqueous  hydrobromic  add  with  milk  of  lime) 
with  sulpl^ate  of  potasnum  (13  pts.),  leavine  the  mixture  to  itself  for  12  hours,  then 
eyaporatuig  the  fUtzate  and  wash*water,  ad£ng  carbonate  of  potasdum  as  long  as  tur- 
ludit^  ensues,  and  evaporating  the  fllteied  liquid  to  the  ciystiulisin^  point. 

bromide  of  potassium  ciystallises  in  very  brilliant  cubes,  sometimes  elongated  into 
prisms  or  flattened  to  plates.  It  has  a  speaflc  gravity  of  2*690  (Schroder,  JahresK 
1859,  p.  12);  tastes  shisrp ;  decrepitates  in  the  flre^  and  melts  without  deoompodtioir. 
It  dissolves  more  abnndantiy  in  hot  than  in  cold  toaUr,  and  is  sU^tly  soluble  in  alcohol. 
It  is  decomposed  at  a  red  heat  by  chlorine.  With  aqueous  hvfochlorout  acid,  it  yields 
bi^mate  aqd  chloride  of  potasdum,  bromine  and  chlorine  being  set  free.  When  fused 
with  ektoraU  of  potassium,  it  is  converted  into  Inomate.  According  to  Hemp  el 
(Ann.  Ch.  Pharm.  evil  160),  it  is  not  decomposed  in  neutral  solution  hy  permanffanatt 
of  potassium,  even  at  the  boiUng  heat ;  but  on  addition  of  sulphuric  add,  bromine  is  set 
^ee  even  in  the  cpld,  and  after  boiling  for  a  few  minutes  the  d^compodtion  is  complete^ 
(he  liquid  no  longer  containing  any  bromine. 

FOTAOSZUM^  OAHBTDB  OVf  Gharooal  which  has  been  heated  to  redness  in 
contact  with  potasdum,  effervesces  afterwards  in  contact  with  water :  hence  the  charcoal 
Sppears  to  have  taken  up  a  portion  of  the  potassium,  as  the  metal,  if  heated  alone, 
would  volatilise  entirely.    (Davy.) 

VOTASSI^X.  qABBOZira  OV.  ECO.— Potasdum  unites  directly  wit& 
carbonic  oxide,  iki  flrst  observed  by  Liebig  (Ann.Ch.  Pharm.  xi.  182).  According  to 
Br o die  (Ghem.  Soc.  Qu.  J.  xii.  269),  puro  potassium  heated  to  about  80^  in  carbonic 
9xide  ^ee  firom  air,  is  at  first  slowly  converted  into  an  arborescent  group  of  dull  grey 
Orstals ;  but  if  tne  passage  of  the  gas  be  further  continued,  a  more  rapid  absorption 
tskes  place,  even  at  a  lower  temperature,  and  the  grey  crystals  are  converted  into  a  dark 
red  compound  E*C*0*.  The  grey  substance,  which  cannot  be  obtained  pure,  appears 
to  condst  of  K*CO.  The  dark  red  compound  may  be  preserved  under  mineral  naphtha, 
but  is  deoQinposed  with  extreme  violence  by  water,  and  even  in  the  dry  state,  sometimea 
explodes  finom  causes  which  have  not  been  made  out  On  carefully  adding  it  to  anhy- 
drous alcohol,  great  heat  is  evolved,  part  of  tlie  substance,  containing  f  ths  of  the  entiro 
quantity  of  potassium,  dissolves,  without  eydution  of  gait,  and  ti^e  rest  separates  as 
rhodisonato  of  potassium,  probably  thus : 

6K?CK)«      »      2B?0     +     K«C»»0». 

Carboxide  of  Rhodisonafte  of 

foUtsittm.  PoUstlum. 

Hence  the  carboxide  may  be  regarded  as  a  compound  of  protoxide  and  ihodizonate,  or 
as  a  bade  rhodizonato  oi  potassium  (see  Rsodizokic  Aoid). 

The  black  explosive  substance  formed  in  the  preparation  of  potassium,  by  heating 
earbonate  of  notassium  with  charcoal,  appears  to  consist  of  one  or  both  of  the  com- 
pounds just  described.  According  to  Kiihnemann  (Jahresb.  1864,  p.  180),  when 
potassium  is  intensely  heated  in  carbonic  oxide  ^s,  there  aro  formed :  first,  a  grey 
rnixture  of  oxide  of  potassium  and  free  carbon,  which  separates  as  the  ^pparat^s  cools 
ffpm  a  white  to  a  red  heat ;  and  secondly  a  black  red  body,  which  separates  at  a  tem- 
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peratore  below  doll  redness,  both  compounds  being  formed  without  access  of  water  or 
moist  air.  When  the  yaponrs  which  escape  from  the  receiver  in  the  preparation  of 
potassium  are  passed,  first  into  a  bottle  partly -filled  with  naphtha,  and  tnenee  into  an 
empty  bottle,  the  grey  substance  collects  chiefly  in  the  fint  bottle,  the  red  in  the 
second,  part  of  it  however  escapina  unoondensed,  and  imparting  a  red  colour  to  water 
into  which  it  is  passed.  The  red  substance  dissolves  m  water  without  evolution  of 
cas,  forminff  a  solution  which  exhibits  all  the  reactions  of  rhodizonate  of  potassium. 
The  explosion  of  the  grey  substance  is  attributed  by  Kiihnemann  either  to  the 
heating  of  the  mass  by  absorption  of  water,  or  to  the  formation  of  peroxide  of  potassium 
(from  the  protoxide  present)  and  ita  action  on  the  free  carbon. 


I  or.  KCl.  DigesHw  Salt.  Sal  digesHvufn, 
SjflmL  Sal  febrtfugum  BylvH, — ^Potassium  takes  fire  in  chlorine  gas  at  otrdinary 
temperatures,  bummg  with  a  red  flame  and  producing  chloride  of  potassium.  This 
salt  is  also  formed  by  passing  chlorine  ovto  red-hot  hytuate  or  iodid«»  of  potassium ;  by 
gently  heating  potassium  in  hydrochloric  add  gas ;  by  dissolving  hydrate  or  carbonate 
of  potassium  in  aqueous  hydrochloric  acid ;  and  by  the  action  of  potassium  on  fused 
chloride  of  magnesium  and  other  metallic  chlorides.  It  occurs  native,  sometimes  pure 
but  more  abundantly  mixed  or  combined  with  other  chlorides.  Pure  cMoride  of 
potassium,  or  sylvine,  is  found  in  cubic  crystals  about  the  fhmaroles  of  Vesuvius,  also  in 
thin  layers  in  the  salt-beds  of  StassAirtb  near  Magdeburg.  In  the  same  locality  there 
occurs  above  the  rock-salt,  a  deposit  of  chloride  of  potassium  and  magnesium,  or  car- 
naUiU,  KCl.Mg^'Cl*.6H'0,  forming  a  kver  between  60  and  70  feet  thick,  interspersed 
with  lasers  of  rock-salt  and  kieserite,  Mg'SO^.H'O.  This  deposit  is  worked  for  the 
extraction  of  the  potassium-chloride.  Gha  dissolving  the  carnallite  in  warm  water,' 
and  leaving  the  solution  to  cool,  the  greater  part  of  the  chloride  of  potassium  separates 
out,  while  the  whole  of  the  chloride  of  magnesium  remains  in  solution.  The  method 
of  recovering  the  remainder  of  the  potassium-chloride  from  the  mother-liquor,  will  be 
described  hereafter  (p.  718).  Chloride  of  potusium  occurs  also  with  the  chlorides  4^ 
sodium,  magnesium,  calcium,  and  other  salts,  in  sea^water  and  brine-springs,  and  is 
obtained  as  a  bye-product  in  the  preparation  of  chlorate  of  potassium,  the  puriflcation 
of  saltpetre,  and  m  several  other  manufacturing  operations  (see  FoTASszux-aALTs^ 

MAKrFJLCTUBB  OF,  p.  716). 

Chloride  of  potassium  crrstallises  in  cubes  often  prismatic^y  donated;  rarely 
(from  solution  containing  free  potash)  in  octahedrons.  Specific  gravity  «  1*836 
(Kirwan),  1-9163  (Karsten),  1946  (Kopp),  1*998  (SchroderX  1*986  (Schiff), 
It  tastes  like  common  salt ;  is  not  acted  on  by  the  air ;  decrepitates  when  heated;  melts 
at  a  low  red  heat ;  volatilises  unchanged  at  a  higher  temperature.  It  is  somewhat 
more  volatile  than  chloride  of  sodium ;  in  a  ooverKl  crucible  it  may  be  kept  in  a  state 
of  fbsion  without  loss ;  but  in  open  vessels  it  volatilises  gradually  in  the  constantly 
renewed  current  of  air.    (H.  Bose.) 

CSiloride  of  potassium  is  more  soluble  in  water  than  common  salt,  and  produces  a 
much  greater  degree  of  cold  in  dissolving  than  the  latter,  but  less  than  sal-ammoniac 
One  part  dissolves  at  17*6^  in  3*008  parts  of  water,  forming  a  solution  of  specific 
gravity  1*1636  (Karsten):  it  dissolves  at  ll'S^in  2-80  parts,  at  13*8^ in  2*87  parts^ 
and  at  16*6^,  in  2*86  parts  of  water  (Kopp) ;  100  parts  of  water  at  0°  dissolve  29*23 
parts  of  diloride  of  potassium,  and  for  every  degree  above,  0*2738  pcurts  (Oay- 
Lussac). 

Solutions  containing  various  percentages  of  chloride  of  potassium  have  the  following 
speciflo  gravities :  According  to  Schiff  (Ann.  Ch.  Fhann.  cviL  293;  Jahresb,  1869^ 
p.  39) : 

Percentage  2*76       6*60  8*26         11*00  16*60  24*76 

Specific  gravity  at  16<'    1017     10360       1*0629      1*0780        11116        M729 

According  to  Gerlaoh  (Jahresb.  1869,  p.  43) : 

Percentage  6  10  16  20  24*9 

Specific  gravity  at  16^     1*0326        1*0661        11004        1*1361       1*173^ 

Bflspecdng  the  expansion  by  heat  of  solutions  of  potassium-chloride  of  various 
strengths, see  Kremers  (Pogg.  Ann.  Ch.  Pharm.  394;  Jahresb.  1857,  p.  68);  respecting 
the  tension  of  aqueous  vapours  given  ofTfrxmi  its  solutions,  see  Wu liner  (Pogg.  Ann. 
eiii  629  ;  Jahresb.  1869,  p.  44). 

Chloride  of  potassium  is  but  slightly  soluble  in  strong  alcohol.  According  to 
Schiff  (Ann.  Ch.  Pharm.  cxviii.  862;  Jahresb.  1861,  p.  87),  100  pts.  of  spirit  of 
various  strengths  are  capable  of  dissolving  at  16^,  the  foUowing  quantities  of  potassium- 
ehloride : 
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100  pCi.  of  wood-spirit  eontaiiiiiig  40  per  eent  OMthylie  alcohol  ue  etpaUe  of 
ing,  at  the  same  tempNBzatue,  9*2  pte.  of  potaMiam-ehloride. 

Chloride  of  potaMiom  is  decomposea  bj  tuipkuHe,  nitric  or  tartmio  aeid,  with 
•epaiatioD  of  hydrochloric  acid  and  formation  of  suphate,  &e.  of  potassium.  Accordhig 
toAanmhaQer(Jahre8b.  IS59,  pt  128),  1  at.  chlonde  of  potaasiam  in  aqneona aolvtion 
is  completely  oonverted  into  nitrate  by  2  at.  nitric  acid. 

CHiloride  of  potassium  absorbs  the  vapour  of  subtkurie  auAj/dridi^  fbnaing  a  hard 

dilorfaydvoaBlphttit  acid    j^  [qiX  which  if  instantly  decomposed  by  water.    Witfi 

chromic  anhydride  H  forms  a  similar  compound  KGLCrO*,  which  is  also  decompoeed  by 
water;  it  is  obtained  in  needles  when  a  solution  of  acid  potaasinm-chromate  in  hydro* 
chloric  acid  is  allowed  to  crystallise. 

Chlonde  of  potassium  unites  with  most  other  metallic  chlorides,  forming  ciystallis- 
able  double  salts ;  these  are  described  with  the  chlorides  of  the  several  metaUL 
Chloride  of  potassium  and  magnesitan  occurs,  as  already  observed,  in  the  salt  deposit  of 
Stassfurth  (see  also  PoTAssnrH-SALTS,  MijnjFACTT7iUE  of,  p.  717). — KrtmertiU^  a  min- 
eral occurring  in  red  octahedrons  about  the  fumaroles  of  Vesuriaa,  consists  of  chloride 
of  potassiimi  mixed  or  combined  with  the  chlorides  of  sodium,  ammonium  and  iron. 

Hemichloride  cat  Subchl&ride  of  Potassium,  K'CL — ^Produced  by  meltiag 
the  ordinary  chloride  with  potassium  in  a  stream  of  hydrogen.  It  is  a  dark  blia  oan- 
pound,  which  is  decompoeed  by  water,  with  eTohition  of  hydrogen  and  formatJM  af 
potaasio  chloride  and  Irjrdrate: 

E>C1     >     HK>      -      Ka     -h     KHO     +     H 

CEL  Bo8e,Pogg.  Ann.  cxz.  1).  A  blue  compound,  probably  identical  with  the  above^ 
IS  formed  when  potassium  is  heated  with  chloride  of  phenyl. 

yOVAMUVXp  CrTAVma  Ol*.    See  CTAHiDxa  (ii.  268). 

FOTABSnniB.  ]>aT«OTI«nr  AVU  aSTHKATZOir  or.  *  l.  BcaotionM 
fit  <A0  <2ry  «Day.— Potassium-eompounds  unpazt  a.  yiolet  coloar  to  the  enter  blow- 
pipe flame.  Alcoholic  solutions  of  potassium-salts  bum  with  a  riolet  flame.  The  oolour 
IS  not  perceptible  to  the  naked  eye  in  preswice  of  sodium  (or  lithium) ;  but  if  a  thick 

Slate  of  dark  blue  glass  be  interposed  between  the  eye  and  the  flame,  the  yellow  sodium 
ame  is  completely  cut  oflf,  and  uie  potassium-flame  then  becomes  (^inctly  risible,  of 
a  rich  reddish-yioiet  colour.  In  this  mannsr  a  very  small  quantity  of  potassium  may 
be  detected  in  pvesenoe  of  a  large  amount  of  sodium.  In  the  spectroscope^  potassium- 
salts  exhibit  a  spectrum  very  much  like  the  ordinary  solar  spectrum,  but  chaxHCterised 
by  a  bright  line  near  the  red,  and  a  fiiinter  line  near  the  riolet  extremity. 

The  normal  sulphate^  carbonate,  phosphate,  arsenate  and  borate  of  potassium,  are 
not  decomposed  by  heat  The  chloride,  bromide,  iodide  and  hydrate  volatiliBe  witiiout 
decomposition  at  very  high  temperatures.  Most  other  potassium-salts  are  decomposed 
by  heat. 

2.  Beactions  in  8olution,^Ali  potassium-salts  are  soluble  in  water,  and  most 
of  them  easily  soluble.  The  normal  potassium-salts  of  strong  acids,  e.g,  KCl,  ENC, 
E^0\  C*K*0*,  Sbc,  are  neutxal  to  test-paper,  and  the  corresponding  acid  salts^  eg. 
EHSO\  CHEO*,  ^,  have  an  acid  reaction ;  but  in  the  case  of  the  weaker  adds,  the 
alkaline  reaction  of  the  potash  predominates  in  the  normal,  and  even  in  the  acid  salts ; 
thus  the  jionnal  and  acid  carbonates,  E^CO*  and  ECHO*,  haye  an  alkaline  reaction ;  so 
likewise  haye  all  the  borates,  excepting  the  pentaborate,  EH^BH)**, which  is  neutral 
(i.  646). 

Solutions  of  potassium-salts,  if  not  too  dilute,  form  with jD^fnit?  chloride  a  yellow 
eiysfealline  preapitate  of  chloroplatinate  of  potassium,  E^^Ct",  sBghtly  soluble  in 
water,  insolut^  in  alcohol  and  in  adds.  If  yenr  little  potassium  be  present^  the  solu- 
tion must  be  saturated  with  hydrochloric  add,  (datinie  chloride  added,  the  whole 
evaporated  to  dryness,  and  the  residae  treated  with  alcohol,  whidi  leayes  the  chloropla- 
tinate undissolved. 

Concentrated  potassium-solutions  form  with  tartaric  add  (or  better,  with  add 
tartrate  of  sodium)  a  white  ciystalline  predpitate  of  add  tartrate  of  potasaiuni,  soluble 
in  about  180  pts.  of  cold  water,  readily  soluble  in  acids  or  in  alkaline  solutions,  insolable 
in  aloohoL    In  dilute  aqueous  solutions,  the  formation  of  tho  precipitate  is  great^ 
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•Aicilitat«d  bj  addition  of  alcohol,  abo  hj  agitating  the  soliitioii  or  seratchiBg  the  aidoi 
4}f  the  test-tabe  with  a  glaaa  rod. 

•  HydrofluonUac  add  fomui  in  aolnttons  of  potaasinmHMlta^  a  white,  gelatinona  pre- 
cipitate of  potaesic  siliooflaoride. — Pavklorie  acid  forma  a  precipitate  of  perehlorate, 
insolable  in  aloohoL  When  a  concentrated  solntion  of  aluminium^^ulphate  ia  added 
to  a  concentrated  solntion  of  a  potaaaium-aalty  octahedral  czystals  of  alum  are  deposited 
0a  evaporating  the  eolation. 

In  mixed  solutions,  potasrinm  nnist  be  looked  fior  in  the  limiid  which  renudna  after 
the  removal  of  all  the  metals  which  am  precqntable  b^  snlpnjdrie  afCid,  snlphide  of 
%*T>™^""'™i  and  carbonate  of  ammoninm,  and  of  mayiwnnm  by  baiytib-watar.  It  may 
then  be  detected  by  its  reactions  with  platinie  chlonde  spnd  tartaric  add;  also  by  eva* 
porattng  the  sohitutt  to  dxynesi,  and  eramining  the  CQkMr  and  spectrum  of  the  flame 
as  aboTO  described. 

8.  EBtimation  and  Separation. — ^Potassium,  when  it  occurs  in  a  compoundnot 
containing  any  other  metal  or  anjr  fixed  add,  may  be  eetimated  directly  dther  as 
sulphate  or  as  chloride.  All  potasnum-salts  containing  Tolatale  adds  are  deoompoeed 
by  heating  them  with  sulphuric  add,  the  excess  of  which  may  afterwards  be  expelled 
by  a  stronger  heat,  and  the  quantity  of  potassium  or  potash  calculated  from  the  weight 
of  the  residual  neutral  sulphate.  It  is  diflicult,  howeyer,  to  expel  the  last  traces  of  free 
sulphuric  add  by  mere  ignition ;  but  they  may  be  completely  driven  off  by  dropping  a 
lump  of  carbonate  of  ammonia  into  the  crucible,  and  repeating  the  ignition  with  Sie 
cover  en ;  the  sulphuric  add  then  diflhsee  into  the  atmosphere  of  ammonia  in  the 
crucible,  and  a  perfectly  neutral  sulphate  remains,  contaimng  41 '62  per  cent,  potas* 
sium,  or  54*06  per  cent,  of  potasdc  oxide,  KH). 

In  estimating  potassium  as  chloride,  the  only  precaution  to  be  observed,  is  to  ignite 
the  chlOTide  in  a  oovered  crudble,  as,  when  strongly  heated  in  contact  with  the  air,  a 
portion  of  it  volatilises.  The  chloride  contains  62*4  per  cent  potasmum,  equivalent  to 
63-19  KK). 

The  separation  of  potaadum  from  all  metals,  excepting  the  other  alkali-metals,  is 
effected  by  the  reagents  above  mentioned.  From  sodium  and  lithium  it  is  separa- 
ted by  eJuoride  ofplatmwfit  adding  alcohol  to  complete  the  predpitation  of  the  duoio- 
platinate  of  potassium.  The  precipitate  is  then  collected  on  a  weighed  filter,  washed 
with  alcohol  and  dried  at  100^.  It  contains  16*04  per  cent,  potassium,  equivalent  to 
19*31  K«0. 

Predpitation  with  chloride  of  platinum  serves  also  to  separate  potassinm  from  all 
other  metals  which  do  not  form  insoluble  chlorides,  and  from  all  non-metallie  dements; 

From  cesium  and  rubidium,  potasdum  may  be  separated  by  the  greater  solubi- 
lity of  its  chloroi^atLnate  in  water  (l  1114),  or  according  to  Redtenbacher  (Bull; 
Soc.  Chim.  1865,  ii.  201),  by  the  difference  of  solubility  of  the  alums  of  the  three 
metals,  100  pts.  water  at  17^  dissoWing  13*5  pts.  of  potasdum-alum,  but  only  2*27 
pts.  of  rubidium-alum  and  0*619  pts.  of  caesium-alum. 

The  amount  of  hydrate  or  of  carbonate  of  potasdum  in  a  solution  not  containing  any 
other  alkali,  or  in  commercial  potashes,  may  be  estimated  by  alkalimetry  ^i.  117,  263X 
and  the  same  method  may  be  applied  to  the  commercial  valuation  of  organic  potasdum* 
salts,  tartars  for  example,  after  they  have  been  converted  into  carbonate  by  ignition. 

For  the  estimation  of  potasdum  in  silicates,  see  Silicates. 

4.  Atomic  Weight  of  Potassium. — The  method  of  determining  the  atomic 
weight  of  this  element,  in  connection  with  those  of  chlorine  and  silver,  has  been 
ali^idy  described  under  Chlobinb  (i.  905).  The  experiments  of  Marignac  give  K  » 
39*12;  those  of  Stas  give  K  »  39*14. 


SF. — ^Produced  by  dissolving  potassium  or 
the  hydrate  or  carbonate  in  hydroflnorie  add,  evaporating,  and  heating  strongly  to 
expel  the  eacess  of  add.  It  is  deliquescent^  yery  soluble  in  water,  and  crystallises  frt>m 
an  aqueous  solution  evaporated  nxider  40^,  in  colourless  cubes  often  lengthened  into 
prisms,  or  exhibiting  square,  pyramidally  excavated  &ces.  Spedfic  gravity  ta  2*454 
(Bodeker).  It  m^ts  bebw  a  red  heat,  has  a  duup,  saline  taste  ai^  alkaline  reac- 
tiouy  and  is  decomposed  by  strong  sulphuric  add,  even  at  ordinary  temperatures.  It 
is  insoluble  in  alcohol,  and  is  predpitated  chereby  from  the  aqueous  solution  in  long, 
thread-like,  radiating  crystals  containing  KF.2H'0.    (H.  Bose,  Pogg.  Ann.  Iv.  554.) 

Fluoride  of  potawium  forms  definite  erystaUisable  compowids  with  many  other 
fluorides.  The  fluoride  of  boron  and  potassium,  KBF^  has  been  already  described 
(i  634).     Silieo-fluoride  of  potassium  will  be  described  under  Siucinc. 

Fluoride  of  Potassium  and  Hydrofen,  KBF*  or  KF.HF,  is  obtained  by  leaving  a 
solution  of  potassium*  fluoride  containing  excess  of  hydrofluoric  acid  to  evaporate  in  a 
platinum-dish,  in  rectangular  four-sided  ^bles  with  truncated  lateral  eagoB,  or  by 
rwj  alow  evaporation  in  a  deeper  vessel,  in  cubes  (Beraelius).     AceordJj*ig  to 
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;Df  arignae  (Phfl.  Mag.  [4]  xv.  167),  it  forma  quadratic  tables.  W.  Gibba  (BnlL 
Soc  CLim.  1865,  ii.  359)  recommenda  thia  salt  aa  a  ooiiTenient  reagent  for  deoomposiiig 
reftactoiy  siiicatefl  and  other  minerals ;  beiyl,  oolnmbite,  chrome-uon,  and  eaasitezite^ 
are  easily  disintegrated  and  decomposed  bT  fusion  with  it. 

The  oompouncU  of  potassinm-fluoride  with  the  fluorides  of  other  metals  are  described 
under  the  several  metals. 


TOTAMBXUMt  BTBXATB  OV.  EHO  or  EH).HK).  Potash.  Causiie  P&iask. 
•PotOMta,  VeaetabU  Alkali,  PJlanzetUau^enatUg. — ^This  compound  ma^  be  produced  bj 
dissolTing  anbydioua  protoxide  of  potassium,  K*0,  or  the  peroxide,  E!*0*,in  water,  the 
excess  of  oxygen  being  given  off  in  the  latter  case.  This  indeed  appears  to  be  the  only 
means  of  obtaining  the  hydrate  absolutely  pure.  But  it  is  generally  prepared  for  use  by 
decomposing  carbonate  of  potassium  in  dilute  solution  with  slaked  Ume.  In  an  iron  Tea- 
sel provided  with  a  closely-fitting  cover,  1  pt.  of  carbonate  of  |K)tassinm  is  heated  with 
12  pts.  of  water  till  it  bous ;  and.  alaked  lime-— prepared  by  mixiJig  2  pts.  of  quiddime 
witn  9  pts.  of  warm  water,  and  keepinsr  it  in  a  covered  pan  till  it  is  roduoed  to  a  soft 
powder^iB  then  added  by  degrees.  After  each  addition  of  lime,  the  mixture  is  boiled 
for  a  few  minutes  in  order  th^  the  carbonate  of  calcium  may  become  dense,  and  fiiU 
readily  to  the  bottom.  When  all  the  lime  has  been  added,  the  whole  is  boiled  for  a 
quarter  of  an  hour,  with  the  cover  on,  and  left  for  the  lime,  &c.  to  settle  down.  The 
caustic  solution — which  should  no  longer  efiervesoe  when  poured  into  hydrochloric  acid, 
pve  any,  or  veir  little  cloudiness  with  lime  water  (if  otherwise,  longer  boilu]g,'and 

,  baps,  also,  an  addition  of  milk  of  lime,  is  requisiteV--is  then  drawn  off  into  stoppered 

>ttles  by  a  siphon  first  filled  with  water.  The  resiaue  is  once  or  twice  boiled  for  half 
an  hour  with  a  small  quantity  of  water,  and  the  remaining  portion  of  potash  separated 
by  subsidence  and  decantation.  The  rest  of  the  lime  is  deposited  in  the  stoppered 
bottles.  The  decanted  solution  is  first  rapidly  concentrated  in  coTered  iron  pots ;  and 
if  it  becomes  turbid,  set  aside  in  stoppered  vessels,  and  then  decanted ;  and  lastly, 
rapidly  boiled  down  in  a  silyer  basin,  till  the  oily  hydrate  which  remains  b^ns  to 
evaporate  as  a  whole  in  white  douds. 

.  To  ensure  the  complete  separation  of  the  carbonic  acid  from  the  potash,  it  is 
necessary  to  use  a  considerable  quantity  of  water.  When  only  4  pts.  of  water  aro  used 
to  1  pt  carbonate  of  potassium,  no  decomposition  takes  place;  aud  a  concentrated  solu- 
tion of  caustic  potash  withdraws  the  acid  from  carboni^te  of  calcium  (Liebig).  The 
lime  may  also  be  mixed  with  the  solution  of  potassic  carbonate  at  orainazy  tempera* 
tnres,  and  the  liquid  set  sside  in  stoppered  vessels ;  but  then  the  decomposition  pro- 
ceeds more  slowfy,  and-firequent  shaking  is  required;  the  carbonate  of  calcium  is  also 
Jess  dense  than  when  the  liquid  is  boiled,  and  consequently  the  decantation  is  more 
difficult.  Moreoyer  carbonate  of  potassium  almost  always  contains  silica^  which  is  not 
precipitated  at  ordinary  temperatures,  but  completely  by  sufficient  boiling ;  for  it  then 
forms  an  insoluble  compound  with  the  excess  of  lime  and  the  potash.  Any  alumina 
^hat  may  be  present  is  separated  in  the  same  way.  As  the  alkaline  solution  absorbs 
carbonic  add  from  the  atmosphere  yexy  greedily,  the  air  must  be  kept  from  it  as  much 
as  possible.  A  portion  of  carbonic  add  is  always  reabsorbed  during  evaporation,  unless 
this  process  is  performed  in  a  silver  veesd  fitted  with  a  head.  When  the  caustic  solu- 
tion is  evaporated  down  to  an  oiW  consistence,  the  greater  part  of  the  carbonate, 
separates  in  solid  psrddes,  which  float  on  the  surfiu:e,  and  can  Uien  be  taken  off  by 
means  of  a  spatula.  If  crude  potash  or  pearl-ash  is  used  instead  of  pun  carbonate  of 
potassium,  the  hydrate  of  potassium  produced  contains  the  chloride  snd  sulphate 
present  in  the  original  substance.  Hence,  to  obtain  pure  hydrate  of  potassium,  it  is  best 
to  use  the  pure  neutral  carbonate  obtained  by  ignitmg  cream  of  tartar,  or  the  ciTstal- 
lised  add  carbonate,  and  decompose  it  with  lime  obtained  by  igniting  black  marble. 
.  According  to  Berthollet*s  plan,  however,  tolerably  pure  hydrate  of  potassium — ^the 
Potaase  d  Paioool — ^may  be  obtained  from  impuro  oarbonate.  The  caustic  solution, 
obtained  as  above,  is  evaporated  to  the  thickness  of  syrup,  shaken  in  dose  yessels  with 
one-third  of  its  volume  of  alcohol,  and  the  mixture  left-  to  settle.  Two  strata  are 
thereby  formed,  the  lower  of  which  is  an  aqueous  solution  of  chloride,  carbonate,  and 
sulphate  of  potaarium,  toother  with  a  portion  of  caustic  potash,  and  rests  on  a  precipi* 
tate  which  may  contain  bme,  oxide  of  iron,  and  sulphate  of  potasdum,  while  the  upper 
stratum  is  a  solution  of  caustic  potash  with  some  chloride  of  potasdum  in  alcohol, 
^his  is  poured  off,  and  freed  from  the  greater  part  of  the  spirit^  by  distillation  in  a 
nlver  vessd  furnished  with  a  still-head,  and  boiled  down  in  a  silver  basin  till  the 
hydrate  beeios  to  subb'me.  The  resinous  matter  produced  by  the  decomposition  of  the 
alcohol,  and  found  floating  on  the  surfoce,  is  then  removed,  and  the  hydrate  is  poured 
out  on  plates.  It  is  free  from  sulphate  of  potassium,  but  contains  chloride,  and  traces 
of  carbpfiate  and  acetate. 

Pure  hydrate  of  potassium  may  also  be  prepared :  a.  By  decomposing  the  sulphate 
with  baryta-water,  added  in  just  sufficient  quantity,  or  better  in  aliirht  excess,  as  o» 
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eTaporatiiig  the  decunted  solution,  the  small  excess  of  baryta  is  precipitated  by  £he 
carbonie  add  of  the  air.    (Schnbert^  X  pr.  Ghem.  zzri.  117.) 

/9.  By  decomposing  pure  nitrate  of  potassium  with  metallic  copper  at  a  red-heat: 
1  pt.  of  saltpetre  and  2  or  3  pts.  of  thin  copper  plate  cut  into  small  pieces,  are  arranged 
in  alternate  thin  layers  in  a  covered  copper  crucible,  and  exposed  for  half  an  hour  to 
a  moderate  red-heat.  The  cooled  mass  is  then  treated  wiw  water,  the  liquid  left  to 
stand  in  a  tall  ooyered  cyUndrieal  vessel  till  the  oxide  of  copper  has  completely  settled 
down,  and  the  pure  solution  of  potash  is  then  decanted  with  a  siphon.  With  the 
above  proportions  of  saltpetre  and  copper,  part  of  the  latter  is  converted  only  into  sub- 
oxide. It  may,  therefore,  be  used  for  a  second  preparation  of  potash  by  mixing  I  pt.  of 
it  with  1  pt  (^  saltpetre  and  1  pt.  of  metallic  copper.  Iron  may  also  be  used  to  decom^ 
pose  the.  saltpetre ;  but  the  potash  thereby  obtained  is  contammated  with  small  quai^ 
tities  of  carbonic  acid,  silica,  &c.    (Wohler,  Ann.  Ch.  Pharm.  Izzxvii.  373.) 

F.  Schulze  (Zeitschr.  Ch.  Pharm.  1861,  p.  109)  heats  a  mixture  of  1  pt  pui« 
nitrate  of  potassium  and  1  pt.  pure  ferric  oxide  (prepared  firom  ferrous  oxalate)  to  low 
redness  in  a  covered  copper  crucible  into  whrch  hydrogen  gas  is  passed  by  a  tube 
reaching  nearly  to  the  bottom.  The  nitric  acid  is  easily  decomposed,  and  at  the  end 
of  the  experiment  the  potash  is  found  mixed  with  the  ferric  oxide,  £K>m  whidi  it 
mivr  be  dissolved  out  by  water. 

fiydrate  of  potassium  prepared  hj  the  ordinary  method  from  the  carbonate  may 
contain  the  following  impurities : — OarbonaU  of  cakivm,  originating  ftom  imperfect 
decantation. — Oxide  of  iron,  when  the  caustic  solution  is  evaporated  in  an  iron  vessel 
to  such  an  extent  that  it  begins  to  act  upon  the  iron.  These,  together  with  other  in- 
soluble substances  accidentally  present,  remain  behind  when  the  potash  is  dissolved  in 
water. — Peroxide  of  potaseium.  Formed  in  small  quantity,  towi^ds  the  end  of  the 
evaporation,  when  conducted  in  the  air.  It  is  owing  to  the  presence  of  this  substanee 
that  the  hydrate,  when  dissolved  in  water,  gives  off  oxygen  gas. — Carbonaie  ofpotaeaium. 
The  solution  effervesces  with  acids. — StUphaU  ofpotaseiwm. — Chloride  ^  barium,  wi^ 
excess  of  dilute  hydrochloric  acid,  gives  a  precipitate. — Chloride  of  potassium.  A  pre- 
cipitate produced  even  when  the  liquid  is  very  dilute,  with  a  solution  of  silver,  nitric 
add  bei]^  added  in  excess. — Nitrate  of  potassium.  Gives  the  reactions  of  the  nitrates 
(p.  83). — A  few  oxides  of  the  heavy  metals.  The  solution,  supersaturated  with  acetic 
acid,  gives  a  predpitate  with  sulphydric  add  or  sulphide  of  ammonium. 

Properties. — ^H^drate  of  potasdum,  after  fusion,  is  a  white,  hard,  brittle  substance, 
having  a  specific  gravity  of  2*1  (Dal  ton),  and  often  a  fibrous  texture.  It  meHs  below 
redness,  forming  an  oily  liquid  clear  as  water,  and  volatilises  at  a  full  red  heat  in  white 
pimmnt  vapours.  It  rapidly  absorbs  moisture  and  cu*bonic  add  fix)mthe  air;  dissolves 
in  about  hidf  its  weight  of  water,  evolving  great  heat,  and  is  almost  equally  soluble  in 
aloohoL  It  has  a  peculiar  nauseous  odour,  and  an  acrid  taste,  and  acts  as  a  powerfiil 
cautery,  quickly  destroying  both  animal  and  vegetable  matters :  hence  its  solution 
cannot  be  filtered  except  through  glass  or  sand,  and  is  always  best  cUmfled  by  subsi- 
dence and  decantation.  The  solution  should  be  kept  in  glass  bottles  f^  from  lead,  aa 
it  gradually  corrodes  lead-glass,  dissolving  out  the  oxide  of  lead.  It  also  attacks 
vessels  of  green  glass  or  porcelain  when  heated  in  them. 

A  hot  concentrated  solution  of  caustic  potash  deposits  on  cooling,  teansparent^ 
colourless,  ver^  acute  rhombohedrons  of  a  hydrate  containing  KH0.2H'0  or  £*0.5H*0. 

The  following  tables  give  approximately  the  proportion  of  potassic  oxide,  KH>, 
contained  in  100  pts.  by  weight  of  solutions  of  different  dendties. 


Dalton 

(^System,  ii 

293). 

Tunnermann  (N.  Tr.  xviii  2,  5 ; 

at  160). 

Specific 

K>Oper 

Botling 

Spedfle 

K'O  per        Specific 

K'Opcr 

gravity. 

cent. 

point. 

gravity. 

cent.          gravity. 

cent. . 

2*40 

89-9 

129-60 

1-3300 

28-290 

11437 

14145 

1-3131 

27-168 

1-1308 

13013* 

2-20 

86-8 

123-9 

1-2966 

26-027 

1-1182 

11-882 

1-42 

34-4 

118-3 

1-2805 

24-896 

1-1069 

10-760 

1*89 

82-4 

116-6 

1-2648 

28-764 

10938 

9-619 

1-86 

29-4 

112-2 

1-2493 

22032 

10819 

8-487 

1-83 

26-8 

109-4 

1-2342 

21-600 

1-0708 

7-366 

1*28 

234 

106-6 

1-2268 

20-936 

1-0689 

6-224 

1-23 

19-6 

104-4 

1-2122 

19-808 

1-0478 

6-002 

119 

16-2 

103-3 

1-1979 

18-671 

10369 

8-961 

1-15 

130 

101-7 

1-1839 

17-640 

1-0260 

2-829 

11 

9-6 

1011 

1-1702 

16-408 

1-0153 

1-697 

1-0 

4-7 

100-6 

1-1668 

16-277      10060 

0-666^ 
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The  '£^2^  PoUi$$0  of  the  ^IumBAOop«BW  contaiai  aeailj  6  per  cent,  of  the 
hydzato,  EHO,  mod  hee  a  density  of  1«06&  The  stiong  solntuw,  of  specific  ^raTil^ 
abotft  1*26,  need  for  Absorbing  cttbonie  acid  in  oigaaic  una^siB,  msj  be  pvepnved  hj 
dkaolving  1  pt  of  the  hydrste  in  8  pta.  of  water. 

BeaeHoHB. — ^Hydrate  of  potawiun,  when  heated  slone,  does  not  deoonLpose  at  a^j 
temperatue,  bat  when  healed  with  silidc,  borii^  phon>hori<^  tongstic,  taziaiic,  stannic^ 
or  any  non-Tolatile  add  omde,  it  gives  off  water  and  is  oanveitiBd  into  a  potassinm- 
salt  of  the  acid.  Heated  with  potassion^  it  gires  off  hydrogen  and  is  oooTeited  into 
the  anhydrous  oxide:  KHO  •»-  K  -  K*0  -h  H.  When  moderately  heated  with 
■odinm  under  a  liquid  not  containing  osygen,  it  yields  an  alloy  of  potassium  and 
sodium  (p.  696).  In  contact  with  iron  at  a  white  heat,  it  is  completely  decompose^ 
giving  <m  hydrogen  and  potassium  and  forming  oxide  of  iron. 

Potash  possesses  in  an  eminent  degree  the  cbancteristie  properties  of  an  alkali  (L  11 7^ 
vis^  solubility  in  water;  the  power  of  nentraliainff  aads  and  deeomposing  metaUie 
salts;  a  caustic  or  coirosiTe  action  on  organic  subetanoee;  and  a  neculiar  action  on 
▼QgetaUe  ebloun,  tomisg  reddened  litmus  blue,  tumierie  brown,  ana  tjxup  of  violets 
or  infosion  of  red  cabbage,  green.  Aqueous  potash  decomposes  most  metallic  salts^ 
precipitating  from  their  solutions  all  those  metals  which  form  insoluble  oxides  or 
hydrates.  The  precipitates  formed  by  it  in  solutions  of  alomininm,  glacinum,  diro- 
mium,  line  and  lead,  are  soluble  in  excess  of  the  alkali ;  the  rest  axe  insolnble.  [For 
the  special  reactions,  see  the  several  metals.] 

At  high  temperatures,  it  acts  with  groat  energy  on  nearly  all  substances,  taking 
np  any  add  that  may  exist  ready  formed  in  the  substance,  and  giving  rise,  by  oxidation, 
or  by  a  splitting  up  of  the  original  compound,  to  the  ftvmation  of  acids  which  did  not 
previously  exist.  Thus  it  decomposes  many  silicates^  forming  silicate  of  potassium  and 
separating  the  bases :  hence  it  destroys  glass  or  porcelain  vessels  in  whidi  it  is  fused. 
Hany  meials  Bie  oxidised  by  fusion  with  it,  and  oxides  are  nused  to  a  higher  state  at 
oxidation;  in  this  manner  antimony  and  arsenic,  and  even  iron  and  platinum  (p.  666), 
are  oonyerted  into  add  oxides  which  unite  with  the  potash ;  and  chromic  oxide,  the 
•coides  of  manganese^  &c,  are  conTccted  into  ebromate  and  manganate,  ^.,  of 
.  potawrinm. 

Organic  compounds  (carbon-compounds)  either  unite  directly  with  potash  or  are 
decomposed  by  it,  in  some  cases  by  contact  with  its  aqueous  or  alcoholic  solution  at 
ordinaiy  or  at  higher  temperatnres,  in  others  by  fusion  with  the  hydrate.  The  modes 
of  action  of  potash  (and  of  fixed  alkalis  in  general)  on  oiganie  compounds  may  be 
dsssified  as  follows : — 1.  Direct  combination. — 2.  Double  decompodtion. — 3.  Qioda- 
tion  with  elimination  of  hydrogen. — i.  Convenion  of  the  organic  compound  into  an 
isomer. 

1.  The  Instances  of  direct  combinaiion  of  potash  with  organic  bodies  arebut  few.  Car- 
bonic oxide  and  carbonic  anhydride  are  absorbed  by  it,  producing  in  the  first 
case,  formate  of  {wtasdum,  CHKO*,  and  in  the  second,  the  add  carbonate,  CHKO*. 
Isatin  dissolves  in  aqueous  potash,  forming  isatate  of  potasdum,  C*H*NO'  -t-  KHO 
-  G^H*KKO* ;  similarly  with  chlor-  and  brom-isatin.  Bensil,  C^*E}Hy*  and  cou- 
marin,  C*H'0*,  are  converted  by  boiling  with  aqueous  potash  into  b^idlate  and 
conmarate  of  potassium,  C'^Hi'EO*  and  C*H'KO*  re^)ecttvdy;  and  camphor,  C>«H'*0, 
strongly  heated  with  potash-lime  in  a  sealed  tub^  is  converted  into  camphidate  of 
,  potasdum,  G^^H'^KO*.  The  adds  corresponding  to  these  potasdumHMlts  eondst  of 
the  original  compound  +  H'O. 

2.  Double  DecomposiHon.—OratiTiie  acids  (and  indeed  all  adds)  are  converted  by 
aqueouspotash  into  potasdum-salts  with  elimination  of  water:  e.^.,  CH^O'  +  KHO 
a  CH'KO*  +  H*0.  Some  alcohols  (as  phenol^  yield  similar  compounds  with  aqueous 
potash ;  solid  potash  acts  also  on  other  alcohols  and  on  aJdebydfs,  but  in  a  ^ferent 
manner. 

Some  adds  when  fused  with  potash  at  about  200°  are  resolved  into  two  others^ 
thus: 

OHH)"  +  2KH0     -      C«H^O«  +  O^HKO*  +  2HK). 
Tsrttfie  AceUte.  Acid 

•ekL  oxalate. 

C^'W  +  8KH0     -i     2C*mB:0«  +  CHKO*  +  8H*0. 
Mucic  AoeUt«.  Acid 

actd.  oxalate. 

Compound  eth  ers  are  converted  by  alcoholic  potash  into  alcohols  and  potasdum- 
salts  of  the  corresponding  adds,  and  slycerides  boiled  with  aqueous  potash  are 
resolved  into  glycerin  and  potassium-salts  of  the  fat  adds,  or  soaps. 

Chlorides,  bromides,  and  iodides  of  alcoholic  and  add  radides  are  converted 
by  potash  into  chloride,  bromide  and  iodide  of  potasdum  on  the  one  hand,  and  alcohols 
or  potasdum-salts  of  the  adds  on  the  other :  e,ff, : 
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cmHA  + 

Chloride  of 
ethyl. 

KHO 

" 

Kcn 

+ 

(CTH»)HO 

BthTtte 
alcohol. 

CB}OCl   + 
Chloride  of 
beuoyl. 

2KH() 

^ 

KCl 

+ 

CrH*KO«  + 
Bensoateof 
poUsdom. 

H«0. 

The  chlorides  and  bromides  of  diatomio  aloohol-radicles  (eth^rlene^  amylene,  &e.) 
are  lesolTed  under  the  inflnence  of  alcoholic  potash  into  hydrochloric  add  and  alde- 
hydic  chlorides ;  e,ff. : 

cm^a*  -  HCi  +  c«H»CL 

Amides  (nitrides  of  acid-radicles)  are  for  the  most  part  attacked  by  boUiiig potash, 
giving  off  ammonia  and  yielding  potassium-salts  of  the  oozresponding  adds ;  <l^.  ; 

CrHK).H«.N  +  KHO     «     HW  +  CTH'KO*. 
Bentamide.  Benioete  of 

potaMhiv. 

Alcoholic  cyanides  boiled  witii  potash  give  off  ammonia  and  arc  eo&TsrIed  mto 
potassinm-salts  of  fatty  adds ;  e,g.  : 

C»H».CN  +  KHO  +  H«0     =     NH»  +   C»H»KO«. 

8.  Oxidation  toith  evolution  of  hydrogen.  This  reaction  takes  place  especially  with 
alcohols  and  aldehydes ;  thns : 

CHK)  +  KHO     =    CrH»K0«     +  H". 

Benxolc  Bemoate  of 

bjdrlde.  potauiom. 

C'*H'«0  +  KHO     =    C'»H»K0«  +  H«. 

Cumlnol.  Cumtnate  of  % 

pouuium. 

0*H>«0  +  KHO     -    C»H»KO»    +  2H«. 

Amylfc  Velerato  of 

aiconol.  poUMium. 

Common  alcohol  and  aldehyde  are  in  like  manner  converted  into  acetic  add  when 
dropped  npon  potash-lime. 

wben  tne  salts  produced  in  these  reactions  are  heated  to  a  temperature  higher  than 
that  at  which  they  are  formed,  secondary  products  are  obtained ;  tnns  acetate  of  potas- 
sinm  may  be  resolved  into  carbonate  and  marsh-gas :  C^H'KO* + KHO  «  CKH)*  +  CE* ; 
formate  of  potassinm  into  oxalate  and  hydrogen :  2CHK0*  »  0^*0*  +  H* ;  the 
o»date  into  carbonate  and  hydrogen  :  C*KH)*  +  2KH0  «■  2CK*0»  +   H",  &c 

Oomponnd  ethers  also  yield  oxidised  products  when  they  are  fused  with  potash-lime 
instead  of  being  treated  with  alcoholic  potash  (Dumas  and  St  as,  Ann.  Gh.  Phys. 
Ixxiii.  151).  They  then  give  off  hydrogen  and  yidd  two  kinds  of  products,  the  6rst 
demed  from  the  add,  the  second  from  the  al<t>ho],  as  if  the  alkali  had  oxidised  the 
add  and  alcohol  separately.  In  this  manner,  ethylic  oxalate  yields  acetic  add  derired 
from  the  alcohol,  and  carbonic  add  from  the  oxalic  add. 

Like  most  oxididng  agents,  potash  often  splits  up  organic  bodies,  especially  at  Terr 
high  temperatures,  taking  from  them  the  carbon  and  oxygen  necessary  to  convert  it 
into  carbonate.  Highly  oxidised  bodies,  such  as  fixed  adds,  and  flxea  neutral  sub- 
stances (sugar,  gum,  starch,  woody  fibre,  &c.)  are  eadly  attacked  by  fused  potash, 
often  yielding  carbonate  and  oxalate  of  potasdum,  and  girine  off  hydrogen  gas.  Some 
acids  are  resolved  by  this  mode  of  oxidation  into  two  other  acids ;  thus  succinic  acid 
yields  oxalic  and  acetic  adds : 

CmK>*  +   2KH0.   »     (?H«KO*  +  CHKO«  +   3H«. 
Succinic  Acetate.  Acid 

acid.  oxalate. 

The  adds  of  the  acrylic  or  oleic  series  fused  with  potash  yield  acetic  add  and 
another  &Uy  add ;  e.g. : 

0"«H»<0«  +  2KH0     -     C«H«KO«  +  C"H»»KO«  +  H». 
Oleic  acid.  Acetate.  Palmitete. 

Azotised  bodies  (indigo,  caffeine,  quinine,  &c.)  subjected  to  this  mode  of  oxida- 
tion with  alkaline  hydrates  give  off  ammonia  or  other  volatile  alkalis;  such  as  methyla- 
mine,  aniline,  chinoHne,  &c  All  nitrogenous  organic  bodies  heated  to  low  redness 
with  hydrate  of  potasdum,  yield  cyanide  of  potassium ;  but  when  heated  to  fyill  redness 
with  potash-lime  (or  soda-lime)  they  all,  excepting  nitro-oompounds,  give  off  the 
whole  of  their  nitrogen  in  the  form  of  ammonia.    (See  Analysis,  OnoAKic,  i.  244.) 

Or^nic  bodies  containing  sulphur,  yield  by  ftidon  with  potadi,  either  sulphide, 
sulphite  or  sulphate  of  potassium. 
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4.  A  few  Qiganic  bodies  nndetgo  iaomerio  or  polvmerie  trans/ormoHons  by  oontaet 
with  caustic  potash ;  thus  furfaramide  is  conyerted  into  farfbrine ;  hydzobensaniide 
into  amarine;  bitter  almond  oil,  C'HH),  into  bensoin,  C**H'"0*. 


I  or?  Potassium  heated  not  quite  to  zedneM  in 
pure  hydrogen  gas,  absorbs  about  one-fbuiih  as  much  of  the  gas  as  it  would  have  evolred 
by  contact  with  water,  and  is  converted  into  a  grey  powder,  ?HK^  without  metallie 
lustre  and  infusible  below  a  red  heat  (Qay-Lussac  and  Thenar d).  See  CrmdnC9 
Handbook^  iiL  17. 


I  OV.  EL — ^Potassium  unites  with  solid  iodine  (under 
alight  pressure,  even  at  ordinazy  temperatures)  and  takes  fire  spontaneously  in  its 
rapour,  burning  with  a  violet  flame.  The  iodide  may  be  prepared  by  neutralising 
bydriodic  acid  with  potash  or  potassic  carbonate ;  by  tiie  action  of  iodine  on  aqo^oua 
potash  or  sulphide  of  potassium ;  or  by  decomposing  other  metallic  iodides,  those  of 
sine  and  iron  for  eiample,  with  carbonate  of  potassium. 

«.  When  iodine  is  added  to  a  solution  ox  caustic  potash  till  the  liquid  begins  to 
assume  a  biown  tint,  iodide  ]and  iodate  of  potassium  are  formed,  according  to  tha 
equation: 

SP  4-  6EH0     -     6KI  -I-  KIO*  +   8H*0. 

On  evapocatiiv  the  solution  and  gently  ignitinp;  the  residue,  the  iodate  is  decomposed 
into  iodide  imd  oxygen,  and  the  remaining  iodide  fuses.  Care  must  be  taken  not  to 
allow  the  temperature  to  rise  too  high,  as  the  iodide  volatilises  at  a  red  heat 

^.  A  solution  of  ferrous  iodide  is  prepared  by  digesting  2  pts.  of  iodine  and  1  pt.  of 
iron  in  a  stoppered  vessel  with  10  pts.  of  water  (iiL  390) ;  the  solution  is  decanted  after 
a  while  from  the  excess  of  iron ;  and  a  quantity  of  iodine  is  added  equal  to  a  third  of 
that  which  it  alrsady  contains.  The  solution  is  then  boiled  and  carbonate  of  potassium 
is  added  by  small  quantities  as  long  as  eflfervescence  ensues  and  a  precipitate  is  formed. 
The  solution  Altered  from  this  precipitate,  which  consists  of  fenoso-ferric  oxide  and  is 
very  dense,  yields  on  evaporation,  crystals  of  iodide  of  potassium.  The  precipitate 
however  is  found  to  retain  a  portion  of  the  potassium-iodide  with  great  obstinacy,  so 
'that  it  cannot  easily  be  removed  by  washing.  To  obviate  this  inconvenience  D  i  etit 
(N.  Jahrb.  Pharm.  xviil  206)  ignites  the  iron  precipitate  previously  to  washing. 

7.  Liebig  (Ann.  Gh.  Pharm.  czxi.  222^  recommends,  as  the  best  mode  of  obtaining 
pore  iodide  of  potassium,  the  decomposition  of  iodide  of  calcium  by  sulphate  of 
potassium.  To  prepsre  the  caldum-iodide,  an  ounce  of  amorphous  phosphonis  is 
drenched  with  SO  o2l  of  hot  water,  and  fine  pulverised  iodine  is  graduallv  adaed,  with 
constant  stirring,  as  long  ss  it  diuolves  witnout  colour  (the  quantity  thus  dissolved 
being  13|  os.).  The  colourless  liquid  is  then  decanted  from  the  slight  deposit ;  the 
latter  is  washed ;  the  united  dear  liquids  are  mixed  to  alkaline  reaction,  with  milk  of 
lime  prroared  from  8  os.  of  lime ;  uie  solution  is  strained  off;  and  the  residue,  con- 
sisting of  phosphate,  phosphite,  and  eteess  of  hydrate  of  calcium,  is  washed.  The  solu- 
tion cf  calcium-iodide  thus  obtained  is  mixed  with  a  hot  solution  of  9  oc  crystallised 
potassium-sulphate  in  about  48  os.  water;  the  liquid,  after  standing  for  six  hours,  is 
strained  from  the  separated  sulphate  of  caldum ;  the  residue  is  washed  and  pressed ; 
the  liquid  evaporated  down  to  a  litre  and  mixed  with  carbonate  of  potassium  to  pre- 
dpitate  the  remaining  portion  of  caldum;  and  the  solution,  after  the  gelatinous 
precipitate  has  become  dense,  is  filtered,  washed,  and  evaporated  to  the  crystallising 
point.  This  process  yields  13^  os.  of  crystallised  potasdum-iodide,  and  by  evaporation 
of  the  mother-liquor,  3^  oc  of  perfectly  pure  pulverulent  iodide.  Acocoraing  to 
W.  Squi  re  (Jahresb.  1862,  p.  71),  iodide  of  potassium  thus  prepared  often  has  areddish 
colour  [from  presence  of  phosphorus?]  and  is  difficult  to  crystallise ;  but  may  be 
rendered  coloiirless  and  eanly  crystallisable  by  previous  fusion.  [For  other  modes  of 
preparation,  see  ChndviiB  Handbook,  iii.  45.] 

Iodide  of  potasdum,  when  pure,  dissolves  in  six  times  its  weight  of  alcohol  (specific 
gravity  0*83),  and  does  not  effervesce  or  turn  brown  on  addition  of  hydrochloric  add ; 
effervescence  would  indicate  the  presence  of  carbonate,  and  the  production  of  a  brown 
colour,  that  of  iodate  of  potasdum,  the  brown  colour  arising  from  separation  of  iodine 
by  the  mutual  action  of  iodic  and  bydriodic  acids  (iii  300). 

Iodide  of  potasdum  crystallises  in  cubes,  sometimes  elongated ;  rarely  in  octahedrons. 
The  crystals  are  sometimes  transparent,  sometimes  semi-opaque.  Specific  gravity  «- 
2-9084  (Karsten);  8001  (Bo  nil  ay);  2850  (Schiff);  3079  (Schroder).  It  is 
not  deliquescent,  has  a  sharp  taste,  and  turns  reddened  litmus-paper  slightly  blue.  It 
melts  below  a  red  heath  ^nd  when  exposed  to  the  sir,  volatilises  undecomposed  at  a 
moderate  red  heat. 

Iodide  of  potassium  is  very  soluble  in  water,  and  in  dissolving  produces  a  condder- 
able  fiill  of  temperature,  sometimes  amounting  to  24^,    It  dissolves  in  0*735  pt  water 
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at  12*5^  and  in  0*709  pt  at  16o  (Banp);  in  07  pt.  at  18<>  and  in  about  0*45  pt  at 
120^(Gay-Lu8Bao).  A  satuiated  solution  boils  at  120^  (Ban p).  Th*  following 
table  exhibits  the  expansion  by  heat  of  aqueous  solutions  of  potasrium-iodide  of  various 
degrees  of  concentration,  as  determined  by  Kremers  (Pogg.  Ann.  eriii  116 ;  Jahresb. 
1859,  p.  49): 

Volumes  of  Agueoui  Iodide  of  Potamum  at  different  temperatures  (vol.  at  19*6®  *  1)« 


Qaantity  of  salt  In  lOOpti. 

S8-S 

661 

93-6 

186^8 

S]Mdflc  graTlty  at  19-fiP. 

1-1866 

1-S4tt 

1-6144 

1-68S2 

OO 
19-5 
40 
60 
80 
100 

0-99422 
1-00000 
1-00843 
1-01856 
103039 
1-04388 

0-99231 
1-00000 
1-00969 
1-02017 
103195 
1-04500 

0-99127 
1-00000 
101016 
1-02090 
1-03247 
104487 

? 
1-00000 
1*01022 
102085 
103022 
1-04376 

Iodide  of  potassium  dissolves  at  12-5^  in  6-5  pts.  alcohol  of  specific  gn&Tity  0*85, 
and  at  13*5°  in  39 — 40  pts.  of  absolute  alcohol ;  hot  alcohol  dissolres  a  much  larger 
amount,  and  deposits  it  in  needles  on  cooling. 

Chlorine^  with  the  aid  of  heat^  decomposes  iodide  of  potassium  into  chloride  of 
potassium  and  iodine.  From  a  solution  in  2  pts.  of  water,  chlorine  gas  throws  down 
iodine  at  first ;  but  this  disappears  again  when  more  chlorine  is  adde{  a  compound  of 
trichloride  of  iodine  with  chloride  of  potassium  being  formed,  which  ocdours  the  liquid 
yellow,  and  yields  an  abundant  crop  of  crystals.     (Filhol.) 

The  brownish-yellow  colour  produced  by  chlorine  is  visiDle  in  a  diluted  solution  to 
the  extent  of  1  pt.  of  iodide  of  potassium  m  3000  pts.  of  water ;  the  same  reaction  is 
produced  by  sulphuric  and  nitric  acid,  in  a  solution  of  1  pt.  in  6000  pts.  of  water; 
(See  loDiDBS,  iii  287.) 

Iodide  of  potassium  evaporated  with  nitric  acid.  Is  entirely  converted  into  nitrate 
(Serullas).  When  it  is  heated  with  nitrate  of  ammonium,  iodine  is  abundantly 
evolved,  with  production  of  a  brown  colour.  It  is  easily  decomposed  by  nitrotia  aciip 
which  sets  the  iodine  £ree.  On  adding  nitrite  of  potassium  to  a  solution  of  the 
iodide  acidulated  with  hydrochloric  acid  and  mixed  with  starch-paste,  a  dark-blue 
colour  is  produced,  instantly  in  strong  solutions,  after  a  few  seconds  in  very  dilute 
solutions  (p.  S.  Price,  Chem.  Soc.  Qu.  J.  iv.  155).~By  fusion  with  chlorate  ofpotas- 
siumt  the  iodide  is  converted  into  iodate ;  heated  with  nitrate  of  potassium  or  nitrate 
of  barium,  it  yields  a  small  quantity  of  iodate  of  potassium  or  barium,  together  with 
peroxide  of  barium  in  somewhat  larger  quantity  (0.  Henry,  J.  Fharm.  xviii.  345). 
In  the  vapour  of  sulphuric  anhydride,  it  turns  reddish-brown,  and  produces  sulphate 
of  potassium,  sulphurous  anhy&de  and  iodine  (H.  Rose,  Pogg.  xxxviii.  121) : 


2EI  +   2S0* 


K«SO«  +   S0«  +  P. 


When  distilled  with  dilute  sulphuric  add,  it  yields,  first  hydriodic  acid,  then,  or 
further  concentration,  iodine  which  dissolves  in  the  hydriodic  acid,  and  sulphurous 
anhydride  which  passes  over  with  the  water  and  iodine,  and  is  converted  into  sulphu- 
ric acid.  Heated  with  peroxide  of  manganese  and  sulphuric  acid^  it  gives  iodine  only, 
no  sulphurous  acid.  A  mixture  of  equal  parts  of  iodide  of  potassium,  common  salt, 
nitre,  and  sulphuric  acid,  yields  chloride  of  iodine  as  the  principal  product  (Soubei* 
ran).  Steam  passed  over  iodide  of  potassium  heated  to  redness,  causes  the  evolution 
of  a  large  quantity  of  hydriodic  acid  sas ;  the  residue  is  alkaline  (Schindler,  Mag. 
Fharm.  xxxi.  33).  A  mixture  of  iodide  of  potassium  and  sal-ofmrnoniac  yields,  when 
heated,  free  iodine,  and  iodide  of  ammonium,  whilst  iodide  and  chloride  of  potassium 
remain  belnnd.  The  mixture  remains  unaltered  in  dry  air,  but  in  moist  air,  slowly 
absorbs  water  and  becomes  brown  through  the  decomposition  of  the  iodide  of  ammonium. 

A  concentrated  solution  oi  ferricyantde  of  j^tassiwm  separates  iodine  from  iodide  of 
potassium;  a  dilute  solution  does  not ;  and  the  iodine  separated  in  the  former  case  is  taken 
up  again  on  diluting  the  liquid,  the  reaction  represented  by  the  equation  2K'Fe"'Cy*  + 
2KI   ».  2K^Fe"Gy'  -t-  P,  taking  place  one  way  or  the  other  according  to  the  strength 
of  the  solutions.    (0.  Mohr,  Ann.  Gh.  Fharm.  cv.  57;  Jahresb.  1858,  p.  99.) 

Iodide  of  potassium  is  much  used  in  medicine ;  it  is  not  poisonous  even  in  doses  of 
sevoml  drachms.  Its  Solution  is  also  employed  as  a  vehicle  for  iodine  itself,  20  grs. 
of  iodine  and  30  grs.  of  the  iodide  being  usually  dissolved  together  in  an  ounce  of 
water.    The  solution  thus  obtained,  which  has  a  dark-brown  colour,  is  sometimes 
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•apposed  to  oontain  «  di-iodlde  of  potammiii ;  bnt  at  the  ezceaa  of  iodine  is  tmmlf 
remored  from  it  by  sulphide  of  cubon,  this  view  is  not  very  probable. 

Iodide  of  potassinm  unites  with  many  other  metallic  iodides^  forming  doable  salts ; 
these  atre  described  under  the  respectire  metals.    A  oomponnd  of  iodide  and  ferricja- 
nide  of  potassium,  KI.K'Fe''Cy*,  is  obtained  as  a  golden-yellow  crystallinfi  powder  hj 
the  action  of  iodine  on  a  warm  solution  of  the  feirocyanide.    (Preuss^  Ann.  Ch 
Pharm.  zxix.  323.) 

m  OV.    Tripotassamide,  E>N  (p.  695). 

■  OJFm  Potassium  forms  three  oxides,  a  protoxid# 
KK),  a  dioxide  K*0',  and  a  tetroxide  K*0*.  A  iprey  suboxide  is  said  also  to  be 
formed  duriug  the  gradual  oxidation  of  the  metal  in  dry  air,  but  it  is  probably  only  a 
mixture  of  the  protoxide  with  potassium. 

Protoxide  o/Potatsium  or  Anhydrous  Poiasht  K*0,  is  formed :  1.  When  potas- 
sium in  thin  slices  is  exposed  at  ordinary  temperatures  to  air  free  from  moisture  and 
carbonic  anhydride. — 2.  By  heating  potassium  with  Tarious  metallic  oxides,  also  with 
carbonic,  boric,  siliciG^  sulphuric  anhyoride,  &c. — 8.  By  heating  1  atb  potassium  with  1  at 
of  the  hydrate :— - 

2KH0  +  K*     -     2K«0   +  H». 

« 

Protoxide  of  potassium  is  white,  Terr  deliquescent  and  caiMde ;  combines  energetically 
with  water,  becoming  incandescent  when  moistened  with  it ;  melts  at  a  red  heat  and 
Tolatilises  at  Teiy  high  temperatures. 

Teiroside  or  Peroxide  of  Potaesium,  K*0^. — This  oxide  is  obtained,  mixnl 
howerer  with  variable  quantities  of  the  protoxide^  when  potassium  is  burnt  in  dry  air 
or  oxygen  gas.  Oay-Lussao  and  Th^naro,  who  examined  the  peroxide  thus  formed,  as- 
signed to  it  the  composition  K'O*,  but  their  determinations  did  not  agree  well  wiUi 
one  another.  To  obt«n  a  definite  product^  it  is  neoessaiy  to  expose  perfectly  pure  and 
eteaa  potassium  to  a  moderate  heat,  first  in  a  current  of  dry  air,  then  in  <uy  oxTgen 
gas ;  if  the  metal  is  at  onoe  exposed  to  the  action  of  pure  oxygen,  great  heat  is  eyolyed, 
and  the  peroodde  melts  and  attacks  ths  glass  yesseL 

Tetroxide  of  potassium  is  a  chronM-yeUow  powder  which  cakes  together  at  about  280°. 
It  absorbs  moisturs  rapidly  from  the  ur,  and  is  decomposed  by  waier,  giying  off 
8  atb  oxygen,  and  forming  a  sc^ution  of  dioxide  of  potassium,  KK)*.  When  heated  in 
a  silimr  boat  in  an  atmosphem  of  nitrogen,  it  ia  reduced  to  protoxide,  oxide  of  silver 
being  also  formed  and  2  at»  ocygen  giyen  off  as  gas  :— 

KW  +  Ag«    *=     KH)  +  AgK)  +  O*. 

When  heated  with  eulphur,  it  deflagrates  yiolently ;  but  when  salphur-yapour  is 
passed  oyer  the  tetroxide  gently  heated  in  an  atmosphere  of  nitrogen,  a  portion  of  it 
(in  one  experiment  nearly  the  whole)  is  conyerted  into  sulphate  of  potassium  KO^S; 
generally  howeyer  the  excess  of  sulphur  exerts  .a  reducing  action,  forming  sulphurous 
anhydride  and  sulphide  of  potassium.  The  tetroxide  genSyheated  in  a  stream  of  car-" 
5onicoxuf(0,  yields  carbonate  of  potassium  and  2  at.  oxygen,  k*0*  +  CO  «  CK'O'  +  O*. 
With  earbonie  anhydride,  a  similar  action  takes  place,  with  eyolution  of  3  at.  oxyeen. 
With  nitrio  oxide,  it  forms  nitrate  and  nitrite  of  potassium,  together  with  nitric  peroxide: 

KK)*  +   8N0     I-.    KNO«  +  KNOV  +  N0«. 

Nitrous  oadde  does  not  act  upon  it.    (A.  Vernon  Harcourt^  Chem.  Soc.  Qn.  J. 
xiy.  267.) 

Dioxide  o/Poiaeeit^m,  KK)',  is  formed  at  a  certain  stage  in  the  preparation  of  the 
tetroxide,  but  has  not  been  obtained  in  perfectly  definite  form.  By  carefully  regulating 
the  heat  and  the'  supply  of  air,  nearly  the  whole  of  the  potassium  may  be  conyerted 
into  a  white  oxide  exhibiting  nearly  the  composition  of  the  dioxide;  but  before  the 
metal  has  quite  disappeared,  some  portions  of  it  are  always  conyerted  into  the  yellow 
tetroxide.  An  aqueous  solution  of  the  dioxide  is  formed,  as  already  obseryed,  by  the 
action  of  water  on  the  tetroxide.    (H  arc o u  r  t.) 

VOTASfllVAIf  raOBVBIlM  OT* — ^Potassium  and  phosphorus  unite  when 
heated  together  in  nitrogen  eas,  the  combination  being  attended  with  eyolution  of  light 
and  heat.  Under  naphtha  the  action  takes  place  without  combustion,  meroly  causing 
the  liquid  to  boiL  To  obtain  the  pure  phosphide,  potassium  must  be  heated  with 
excess  of  phosphorus  in  a  stream  of^ydrogen  tiU  flame  is  produced,  and  further  till  the 
mass  of  phosphorus  is  yolatilised  (H.  Rose,  Pogg.  Ann.  xii.  647).  It  is  a  copper- 
red,  crystalline  substance  haying  a  metallic  lustro.  It  bums  rapid^  when  heated  in 
the  air,  forming  phosphate  of  potassium,  and  is  decomposed  by  water,  yidding  hypo- 
phosphite  of  potassium,  phosphoretted  hydrogen  gas,  and  solid  phosphide  of  hydrogen. 
(H.  Rose.) 
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IS  OV«--OomponDcUi  of  Mlenium  and  potasdum  in 
various  proportionB  are  obtained :  1.  By  direct  combination.  2.  By  ignitinff  lelenita 
or  selenate  of  potasainm  with  l^drogen  or  charooaL  3.  Bv  Amng  selenium  with 
hydrate  or  eairbonate  of  potassinm,  selenite  of  potassium  being  rormed  at  the  same  time. 
The  products  thus  formed  are  mj  or  brown  masses  which  dissolve  in  water,  forming 
a  solution  from  which,  acids  ^minate  gaseous  selenide  of  hydrogen,  and  precipitate 
selenium  if  fchat  element  is  in  excess.  A  solution  of  selenide  of  potassium  may  also  be 
formed  by  boilins  selenium  tar  a  long  time  in  aqueous  potash.  All  the  solutions  of 
potassium-selenide  have  a  hepatic  taste,  and  on  exposure  to  the  air,  deposit  selenium 
in  the  form  of  a  red  powder. 

VOTASSZUMp  snuoZOB  OV« — The  two  elements,  when  heated  together,  unite 
without  perceptible  incandescence.  The  compound  containing  a  larger  proportion  of 
potassium  than  silicium  is  dark  greyish-brown,  and  dissolves  entirely  in  water,  with 
evolution  of  hydrogen  gas,  gelding  silicate  of  potassium ;  the  compound  with  more  sili- 
cium than  potassium-— obtamed  by  decomposing  fluoride  of  silicium  with  potassium,  and 
also  by  strongly  igniting  the  first  compound — leaves  a  residua  of  silicium  when  dieested 
in  water.  When  vapour  of  potassium  is  passed  over  ignited  silica^  silicate  and  silidde 
of  potassium  are  produced,  and  dissolve  in  water  without  leaving  any  residue.  But  if 
the  (Plater  part  of  the  potassium  be  previously  expelled  at  a  strong  red  heat,  and  the 
remaining  vitreous  mass  digested  in  water  and  then  in  hydrofluoric  acid,  a  small  quantity 
of  silicium  is  left  behind. 

VOTAnUUX,  maaOOW^UUCmXDM  or.  K*SiF*  «  2KF.SiF«.<-.0btained  by 
adding  hydroflnosilicie  add  to  a  potassium-salt^  as  a  transparent  geUtinous  precipitate^ 
which  dries  up  to  a  white  earthy  powder.  It  is  one  of  the  least  soluble  of  the  salts  of 
potassium ;  eonsequeotly  hydrofluosilieic  add  is  sometimes  used  to  separate  potassium 
Dom  its  ■oluti.ons,  as  in  the  preparation  of  chl(«ic  add  ttom  chlorate  of  potassiuuL 

VOVASSnii^  snraDaS  OV«  Potassium  heated  in  sulphur-vapour 
readily  takes  flre  and  bums  wiUi  great  brilliancy.  It  unites  with  sulphur  in  five  dif- 
ferent proportions,  vis.  K%  K«*,  K*8»,  K«^  and  K«S». 

Protosuiphidef  K'S.— Itis  doubtful  whether  this  compound  has  been  obtained  in  the 
pure  state.  It  is  commonly  said  to  be  produced  by  heating  sulphate  of  potassium  in  a 
current  of  dry  hydrogen,  or  by  igniting  the  same  salt  in  a  covered  vessel  with  finely 
divided  charcoal ;  but  according  to  Bauer  (J.  pr.  Ghem.  Ixxv.  246 ;  Jahresb.  1868,  p. 
116),  one  of  the  higher  sulphides  is  always  formed  at  tiie  same  tame,  togethsir  wiUi 
oxide  of  potassium.  The  product  has  a  reddish-yellow  eoloor,  is  deliquescent,  and  acts 
as  a  caustic  on  the  skin.  When  sulphate  of  potassium  is  heated  in  a  covered  crucible 
with  excess  of  lamp-black,  a  mixture  of  sulphide  of  potassium  and  finely  divided  carbon 
is  obtained,  which  takes  fire  spontaneously  on  conung  in  contact  with  the  air.  The 
pfotosulphide  might  perhaps  m  obtained  purs  by  heatiiig  1  at.  solphydxate  of  potaaRum, 
KHS,  with  1  at.  of  the  metaL 

When  solphydric  aeid  gas  is  passed  to  saturation  into  a  solution  of  caustic  potash,  a 
solution  of  the  sulphydrate  is  obtained,  which  is  colourless  at  first,  but  if  exposed  to 
the  air,  quickly  absorbs  oxygen,  and  turns  yellow  in  consequence  of  the  formation  of 
disulphide :  2E:HS  +  O*  -  K^  +  H*0.  If  a  solution  of  potash  be  divided  into 
two  equal  parts,  and  one  half  be  saturated  with  sulphydrie  add,  and  then  mixed  with 
the  other,  s  solution  is  formed  which  may  contain  protosnlphide  of  potassium :  KHS 
+  KHO  «  K'S  +  HH>  ;  but  it  in  also  possible  that  the  hydrate  and  the  sulphydrate 
may  mix  without  mutual  decomposition.  The  solution  when  mixed  with  one  of  the 
stronger  acids,  gives  off  sulphydnc  add  without  deposition  of  sulj^ur,  a  reaction  which 
is  consistent  with  either  view  of  its  consititution. 

Disulphide  of  Potassium^  K^,  is  formed,  as  already  observed,  on  exposiii|r  a 
sc^ution  of  the  sulphydrate  to  the  air  till  it  begins  to  show  turbidity.  By  evaporation 
in  a  vacuum,  it  is  obtained  as  an  orange-coloured,  easily  ftidbls  substance. 

The  triaulphidet  K^,  is  obtained  by  passing  the  vapour  of  carbonic  disulfide  Of  ex 
ignited  carbonate  of  potassium  as  long  as  gas  continues  to  escape : 

2K«C0"  +   8CS*     «     2K*S«  +   4C0   +  C0«; 

also,  iofg^diet  with  sulphate  of  potassium — ^forming  one  of  the  mixtures  called  liver  of 
mUpkur—hy  melting  69  pts.  (4  at.)  carbonate  of  potassium  with  40  pts.  (10  at)  sulphur 

(p.  708): 

4K«C0«  +  S'*     -    K«SO*  +  8K'S«  +   4C0*. 

The  tetraeulphide,  K*S^  is  formed  by  reducing  sulphate  of  potassium  with  the 
y^>our  of  carbonic  disulphide. 

The  pentaeulphide,  E^,  is  formed  by  boiling  a  solution  of  any  of  the  preceding 
sulphides  with  excess  of  sulphur  till  it  is  saturated,  or  by  Aising  either  of  them  in  the 

zz  2 
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drj  itate  with  snlphiir.    The  ezceM  of  sulphur  then  sepanitet  and  floats  abote  the  dazk 
lirer-brown  pentasnlphida. 

All  the  sulphides  of  potaBsium  ai«  brown  or  yellow-brown  solids,  hsTing  an  aJkaline 
reaction  to  test  paper,  and  smelliug  more  or  1ms  distinctly  of  solpfaydric  add.  Adds 
decompose  them,  with  evolution  of  sulphjdric  add  gas,  attended,  in  the  case  of  all  but 
the  protosulphide,  with  the  precipitation  of  white,  finely  divided  sulphur  (milk  of 
sulphur).  On  adding  the  pentasmphide  to  an  excess  of  hydrochloric  add  of  spedfie 
gravity  about  1*1,  persulphide  of  bvdrogen,  H*8'(iiL  204),  is  separated  as  an  oily  fiqnid. 
The  solutions  of  the  higher  sulphides  ^come  colourless  on  exposure  to  the  air,  the 
sulphide  being  oxidised  to  hyposulphite  and  the  excess  of  sulphur  separated.  When 
a  solution  of  caustic  potash  is  boiled  with  sulphur,  a  decomposition  ensues  similar  to 
that  which  occurs  when  hydrate  of  potassium  and  sulphur  are  fiised  together ;  a  deep 
reddish  liquid  is  then  formed  containing  hyposulphite  of  potasdnm  and  one  of  the 
higher  sulphides :  e,g. 

6KH0  +  S"     =     K^S»H'0*  +  2K«S»  +   2HK). 

lAvtr  of  Sulphur,  Separ  $ulphuH$  saUnum  s,  al^inum,  whidi  is  prepared  by 
gently  heating  sulphur  with  carbonate  of  potassium  in  dosed  vesseli,  e,ff,  in  covered 
earthen  or  cast-iron  crucibles, — ^but  freest  from  impurity,  in  glass  flasks, — consists  of 
trisulphide,  penta-sulphide  and  intermediate  sulphides  of  potassium,  according  to  the 
proportions  employed,  mixed  with  sulphate  and  often  at  the  same  time  with  carbonate 
of  potassium.  69  pts.  (4  at.)  carbonate  of  potassium  and  40  pts.  (10  at.^  sulphur  yield 
a  mixture  of  1  at.  sulphate  and  3  at  sulphide  of  potasdum  (p.  707).  "When  leea 
sulphur  is  used  and  a  lower  heat  applied,  the  product  likewise  contains  undeeompoeed 
carbonate  of  potassium ;  if  the  heat  be  stronger,  the  trisulphide  changes  to  the  disul^de^ 
and  a  laiger  quantity  of  potassio  carbonate  is  decomposed.  Lastly,  if  the  amount  of 
sulphur  exceeds  10  at,  ttie  excess  converts  the  disulphide  into  tetca-  or  penta-sul-> 
phide  of  potassium.  4  at.  carbonate  of  potassium  require  16  at.  of  sulphur  to  fomi 
pentasulpbide.  Consequently,  for  69  pts.  carbonate  of  potassium,  40  pts.  of  sulphur 
IS  the  smallest  quantity  that  can  be  used,  and  this  produces  tri-sulphide  of  potassium ; 
64  pts.  is  the  largest,  penta-sulphide  being  produced ;  any  excess  of  sulphur  beyond 
this  volatilises  without  entering  into  combination.  In  the  common  proportion  of  2  pta. 
of  carbonate  of  potassium  to  1  pt  of  sulphur,  the  quantity  of  sulphur  is  therefore  too 
smalL 


VOTAMOUl^  SraFBOCAXBOVATB  OV«    See  Suxjphog^bbonatbb. 

INITASBIUMf  WIUJaWMOCTAMJLTM  OV«    See  Suuroctanatbb. 

FOTASSZUMEy  Sir&PXOXOXi'niBATa  or.  See  HoLTBDBNUX,  SuLFHiDB8 
OF(iii.  1044.) 

rovAMUvM,  sir&vHo»siMi»xATa  and  smuPBOPBowrBxra  or. 

See  Phosphorus,  Sttlphidbs  of  (pp.  603,  604). 

roTASszuMCp  smLPBOTuwooTATB  and  smbTBOVAVAiiATa  or. 

See  TuNOSTSN  and  Vakadium,  Sulphidbs  of. 

rOTASBIUM,  SmbFBnSATB  or.  KHS  or  K«S.H«S.— Formed,  with 
liberation  of  1  at  hydrogen,  when  1  at  potasdum  is  heated  in  1  at  sulphydric  add  gas, 
e.g.  when  200  c.  c.  of  the  gas  are  decomposed  by  a  quantity  of  potassium  capable  of 
evolving  100  cc.  of  hydrogen  from  water :  2H«S  +  K*  -  2KHS  +  H«(Gay-Lu8sac 
and  Th^nard);  also  by  pasnng  sulphydric  add  gas  over  carbonate  of  potasdum 
at  a  low  red  heat  as  long  as  water  and  carbonic  anhydride  continue  to  pass  off 
(Berzelius): 

K*CO»  +  2H«S     -     2KHS  +  C0«  +  H«0. 

It  is  white  if  sir  has  been  excluded  during  its  preparation,  ydlowish  in  the  contzaiy 
case ;  oystalline ;  black  when  melted.  It  is  decomposed  by  dilute  adds,  with  evolution 
of  sulphydric  acid.  If  heated  with  1  at  potasdum,  it  would  probably  yield  the  pure 
protoeulphide :  2KHS  •(-£*«  2K*S  +  H'.  The  same  compound  u  obtained  in 
solution  by  saturating  aqueous  potash  with  sulphydric  add  (p.  707). 


OP.  Formed  by  heating  tellurium  with  potas- 
sium in  an  atmosphere  of  hydrogen ;  by  heating  telluric  oxide  with  2  pts.  hydrate 
of  potassium  and  1  pt  charcoal ;  and  by  pasdn^  the  current  of  a  poweiful  voltaie 
batteiy  through  a  solution  of  potash  with  tellurium  for  the  negative  pole.  The  com- 
pound obtained  by  the  first  method  is  dark  copper-coloured,  brittle,  has  a  crystalline 
fracture,  and  does  not  melt  below  a  red  heat ;  that  obtained  by  the  second  has  the  colour 
of  nickel,  while  the  third  yields  a  steel-grey,  brittle  compound  much  more  fusible  than 
pure  tellurium.  Telluride  of  potassium  dissolves  in  water,  forming  a  purple  solution 
which  becomes  colourless  and  deposits  tellurium  on  exposure  to  the  air,  and  gives  off 
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tellaride  of  hydro^n  when  treated  with  acids.  A  nmilar  solution,  but  contabing  also 
tellorite  of  potassmm,  is  formed  by  boiling  tellnrinm  in  aqueous  potash.  (Berselius.) 

»OTA88Z1FIB-«TMT&»  CH^K,  and  »OTA88ZUai-MBTBT&»  CH'K,  are 

obtained  in  combination  with  sine- ethyl  and  zinc-methyl,  by  treating  those  compounds 
with  potassium;  they  are  not  known  in  the  separate  state.  Their  reactions  are 
precisely  analogous  to  those  of  the  corresponding  sodium-compounds  (2*  v.)» 

VOTASBIVlK-Aa&TSv  HULMVTAXJTUMM  OF.  The  sources  of  potassium 
have  been  already  enumerated.  Formerly  nearly  all  the  potash  used  in  the  arts  and 
manufiictures  was  obtained  from  the  ashes  of  luid-plants ;  but  of  late  years  the  in- 
creasing demand  for  potash  for  the  preparation  of  various  compounds  in  which  it  has 
not  yet  been  found  possible  to  replace  that  alkali  by  soda,  namely  the  chlorates^ 
prussiates,  chromates,  &c.,  and  moro  especially  of  saltpetre  for  the  manufacture  of 
ffunpowder  —also  as  a  manure  for  the  cultivation  of  yarious  plants  (vine,  beet,  cereals, 
&c)-*has  led  to  the  invention  of  several  processes  by  whidi  potassium*  salts  may  be 
obtained,  either  directly  from,  mineral  sources,  or  from  the  waste  products  of  manu* 
fncturing  operations.  It  must  be  observed,  however,  that  the  incineration  of  land 
plants  has  the  advantage  of  yielding  the  alkali  in  the  form  of  carbonate,  which  may 
easily  be  converted  into  the  other  salts  by  neutralisation  with  the  respective  acids,  or 
into  caustic  potash  by  boiling  with  lime  (p.  700),  and  thus  at  once  rendered  available 
for  the  manufacture  of  soap,  and  the  various  other  purposes  for  which  a  caustic  alkali 
is  required,  whereas  the  other  sources  yield  the  potassium  for  the  most  part  in  the  form 
of  chloride  or  sulphate,  that  is  to  say  in  a  form  resembling  the  crude  material  in  Le 
Blanc's  process  for  the  preparation  of  soda,  alid  requiring  a  complicated  series  of  opera- 
tions to  convert  it  into  carbonate  or  caustic  alkali.  For  some  purposes  however,  the 
preparation  of  nitrate  of  potassium  for  example,  the  chloride  of  potassium  is  at  once  avail- 
able, without  previous  conversion  into  carbonate. 

The  sources  from  which  potassium-salts  are  at  present  obtained  are  the  following : 

I.  The  ashes  of  I^nd  plants.  IV.  Felspar  and  other  Silicates. 

II.  The  ashes  of  Marine  plants.  V.  The  Wool  of  Sheep. 

IIL  Sea-water,  Brine-springs,  and  Saline  deposits. 

I.  Manuf^ctitbi  of  Gabhokatb  of  PoTAssnnc  fkom  thb  Ambms  of  Tncsna 

Ain>  OF  Land  Plants  in  obmsbax.. 

The  ashes  obtained  from  plants  of  different  species  exhibit  very  great  diversitiea 
of  quantity  and  composition ;  but  the  chief  constituents  are  always  the  carbonates, 
chlorides,  sulphates,  {moephates,  and  silicates  of  potassium,  sodium,  calcium,  magnesium, 
and  iron :  the  carbonates,  which  generally  constitute  by  far  the  larger  proportion  of  the 
ash,  are  produced  by  the  decomposition  of  organic  sslts  of  the  several  bases  (see  Ask 
OF  OnoAinc  Boddh,  i.  416).  The  following  tables  will  give  an  idea  of  the  ^reat  differ- 
ences in  the  total  amount  of  ash  and  the  proportion  of  potash  yielded  by  various  plants : 

Hoss:  Analyses  from  1,000  parts. 

Aih.    PoCMh  (K«0> 

Pine  wood 8*40          0*46 

Beech   , 6'80          1-27 

Ash      „ 1220          0-74 

Oak      , 18-60          1-60 

Elm      H 25-50          8*90 

Willow^ 2800          2-85 

Vines 84-00          6*50 

Ferns 86*40          425 

Wormwood 97*40  7800 

Fumitory •  219*00  79*90 

AbbeneandBlengini:  Analyses  from  1,000  parts. 

Ash.    Potash  (K*OX 
Dahlia  with  blossoms  and  leavea    •        .        •        •        79-92        19*98 

„    stems  after  flowering  time    ....  44*57  8*60 

„    bulbs 99*  16  18-44 

„    branches 28*05  2*56 

Acacia-branches 24*59  2*56 

Grape-stMUS 88*88  41*66 

Vine 46-66  12-78 

Skins  of  pressed  grapes  .••»..  72*91  14*88 

Stems  of  a  cluster  of  grapes    •        •        •        •        »  •    •  89*81 

Grape-stones  ...•••••  •    •  9*50 

More  extensive  tables  will  be  found  in  Bichardson  and  Watts's  Chemical  Technology^ 
i.  [3]  440—458. 
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1.  A>M«t./>t?m  tit  atk  of  FhMtt  Hmbir. 
It  will  ba  leva  front  tlie  exusplea  ibote  gtTen  that  the  prapot&m  of  potaih  in  ber- 
b«Mira>  pUata  b  nradi  grotn  than  in  tMM ;  uid  aooordin^j  it  Ina  baen  praposrd  ta 
grtnr  mch  pUnta  (wannvood,  tan^,  Bsrigold,  Sen.)  tat  tbe  sol*  [''■I'''""  ™  eztnctiiig 
potaah  from  thor  uhaa.  Bat  nd)  a  plan  can  arldoin  bs  profltabl;  carried  oat :  for  tbtss 
nat-sTowing  planta.  except  nndcT  Terj  peculiar  drcanuttiDcca,  aoon  axbaoat  the  ami 
Of  sU  iia  itntUable  potash.  Foraat  tnM,  on  lb*  otbM  band,  during  their  iiMpaMtiiulj 
■kiv  grovth,  are  able  M  avail  Ihcmaplni  ol  tfaa  potaah  irbicb  u  mppliad  to  the  aoQ  1^ 
the  gndial  dceompncitioD  of  f^lapar,  elaj,  &e.,  and  Ihni  a  omitiniioD*  ennrtli  ii  ke^ 
np  withmt  eihaoatiou  of  the  aoiL  It  ia  tfaerefbre  from  Ibnat  trees  that  polaah  la 
principall7  obUined,  the  mannfaetora  being  carried  on  in  ooonlriea  where  exIeoaiTa 
hreeU  pnrail,  ta  in  North  Amerioi,  Roaaia,  Sweden,  Germanj,  and  aome  parta  ^ 
Tnacanj  and  France. 

The  incineration  ia  effected  either  in  ^ta,  nink  into  the  ^n>Bnd  to  ft  iepth  of  three 

at  fbor  feet,  or  the  plantt  and  timber  are  ■muigfil  in  pilea  on  the  gnmnd,  fresh 

qaaotitie*  of  Ciuber  being  added,  in  eitlier  case,  until  a  he^>  of  aahea  ia  obtained. 

7^  Utivitttiim  of  tit  aaket. — The  aah  ia  aiJtnd  from  the  coal  and  idkBind  *oad,  tho- 

BragfaljiDoiateiied  and  filled  into  two  Toweof  common 

t^-  7*1.  wooden  eiatenu  or  half  buteU  ijig.  741),  the  tworowa 

bdng  arranged  one  aboTC  the  other,  with  a  Iliiid  row 

of  smptj  cJatcRii^  or  wells,  on  aatillknnrleTeL    Tfas 

Cuterna  hare  bias  (aiere-like)  bottona  co*(i»d  with 

Btnw,  from  which  the  Ije.  when  anfllcieatly  ktrao^ 

ia  diuwn  into  tbe  evaponting  pani.    The  method  of 

liiirialion,  generallj  with  c^d,  aometimaa  «ilh  bat 

water,  ii  aimilar  U>  that  praodaed  in  alkali-worio. 

The  upper  row  of  eiatanu  u  flnt  filled  with  water  on 

the  top  of  the  flrmlj  pressed  down  aah,  and  diuwn 

when  the  liiiviatioa   ia  complete;    thaf  an  then 

refilled  and  the  weak  I;e  ia  run  into  the  fint  tah- 

ciMeru  of  the  second  mw,  irtience  it  also  iseaca  in  a 

fit  state  of  satunUion  for  boiling ;  thii  gystem  i*  continncd  in  rotation,  ereiy  freeh 

portion  of  water  coming  at  last  ia  ootita<A  with  a  fresh  portion  of  aah.     Ilie  l^e  in  its 

proper  itate  of  saloration  should  oontaiu  from  20  to  U  per  cent,  of  salt.    Thi*  simple 

and  moot  eSToctual  method  is  however  onlj  Mie  oat  of  a  great  nomber.  used  in  diffinoit 

eonntriea,  for  the  desct^tbo  of  whid  sea  Bicbardsoo  and  Watts'a  Cktmieal  Ttdmo- 

togs.  i.  (aj  *5»- 

EvaforiUion  ^  tin  lyt. — The  \je,  irtiich  ia  of  a  dark-brown  eolotir,  is  ari^TBted  in 
flat  iron  {hds,  whiUt  the  water  is  conetsntl;  replaced  by  lye  of  the  proper  strei^itli, 
until  the  contend  of  the  pan  become  thidc,  and  (be  bat  lye  qnicMy  scJidiflee  on  oooliDg; 
the  whole  iatben  evaporsW  to  dryness  with  constant  etirring.  The  crude  product  thus 
obtained  ia  called,  from  the  mode  of  prepantion,  crude  potash  w  potaahei.  It 
COnfiete  mainly  of  carbonate  of  patassitun,  with  a  conudernble  qoantitj  «f  enlphaU  and 
about  Ii  per  cent  of  water. 

In  Qcrmany  the  sulphate  of  patassiom  Is  aometimea  separated  b;  allowins  it  V> 
crystallise  out  of  the  liquor,  before  boiling  down.  In  Ruesia,  potaahes  are  nudslargelj 
from  wood-uhes  or  the  ssh  of  itraw,  as  a  duty  from  the  peiisanlry  to  tbe  eetate-ownera. 
The  lye  is  evaporated  in  flat  copper  pans  to  the  point  of  crynallisation,  aod  the  CKrbo- 
nateMpotaasJumdepasiUin  brown  crystals,  wbidiare  then  cakioed  in  a  mifBeftimace. 
— ,    _..  Caidneiicm. — Crude  po- 

^-  ^*^-  laah  conbtina  wnter  i^ 

empyreoHatie  aabMaueee, 
and  these  are  deatroypd 
by  calcination.  The  cal- 
cining flimace  is  shown  in 
fig.  Ti2,  and  is  worked  in 

carbonating  furnace  in  tbe 
mann&eture  of  alkali  ;  the 
emde  potaah ,  firet  covering 
the  hearth  in  a  thin  layer, 
;     iewell  paddled  and  tuned, 
then  broken  down  and  tho- 
roughly exposed  to  the  hot 
air,  nntil  all  combustible 
inftttM  ii  destroyed  and  the  whole  mass  acquires  a  clear  and  bright  fltune-red  hea^ 
when  a  sample^  alter  cooling,  will  appear  quite  white.    Careful  management  is  re- 
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quired  tbzoaghont  the  opentaon'to  pnve&t  the  flazinf  of  the  maes  and  to  give 
the  ash  a  bright  appearance.  The  loss  in  weight  by  calcining  the  crude  potash  is  from 
15  to'  20  per  cent  The  calcined  product,  called  b earl- ash,  is  padced  irhile  still  hot» 
to  prevent  anj  absorption  of  moisture.  The  asn  is  often  discoloured  bj  impurities. 
In  some  manufactories,  a  muffle  furnace  is  used  instead  of  that  above  described. 

Boning  of  Pearl-ash. — In  America  the  pearl-ash  is  sometimes  redissolved,  the 
liquor  concentrated  and  the  less  soluble  salts  are  allowed  to  crystallise  out ;  the  dear 
liquor  is  then  evaporated  to  dryness  with  constant  stirring ;  this  ash  is  called  "salt  of 
tartar."  In  France  the  calcined  pearl-ashes  are  washed  sevetal  times  with  cold  water, 
which  gradually  takes  up  aUthe'carbonate  of  potassium,  and  thesolution  (specific  gravity 
about  1*4735)  is  evaporated  in  a  system  of  pans.  The  pearl-ash  thus  produced  is  of 
first-rate  quality,  and  very  much  liked  in  commerce  on  account  of  its  granular  form. 

Commercial  Potashes, — There  is  a  great  variety  of  potashes,  according  to  the  locality 
where  they  are  made,  whence  they  are  imported,  && — The  American,  imported  in  oak 
casks  vi&  New  York  and  Philadelphia,  are  reddish,  sometimes  grey  and  violet,  hard»  but 
very  deliquesoent ;  there  are  three  kinds,  containing  respectively.  54  to  58  per  cent., 
48  to  62  per  cent  and  30  to  45  per  oent.  of  neutral  carbonate  of  potassium,  K*CO'. — 
The  white  American,  or  pearl-ash,  is  granular,  vaiyingin  percentage  from  25  to  58  per 
cent— -The  Bassian,  St  I^etersbuig  or  Odessa,  also  caUed  '*Kasan"  from  being  manu- 
factured near  this  locality,  are  packed  in  poplar  casks,  and  contain  from  50  to  52  per 
cent  of  pure  carbonate. — The  Kiga  potashes  are  similar,  and  vary  from  50  to  52  per 
oent — The  Polish  {Potasse  ds  Paille)  are  denser  and  harder. — ^The  Dantzig  resemole 
pearl-ashes,  but  are  more  friable,  and  stand  from  50  to  60  per  cent— There  are  three 
qualities  of  the  Tuscan,  which  are  in  powder,  mixed  with  pieces  of  difiemnt  colours : 
grev  of  60  per  cent ;  white,  harder,  of  50  to  55  per  cent ;  and  blue  of  the  same  strength. 
— ^All  other  potashes  are  of  a  similar  character ;  they  are  never  completely  soluble  in 
water,  and  sometimes  leave  a  considerable  residue. 

The  following  analyses  give  a  very  good  idea  of  the  composition  of  the  various  kinds 
of  oommerdal  potashes : 

I.  Hennann's  Analysis  of  Potashes  from  Kasan. 
Insoluble  portion. 

Lime    .        .        .  .        .  0*054 

Alumina 0*012 

Manganic  add 0*013 

8iUca 0-132-0-211 

Soluble  fioriian. 

Garbonieadd 27*790 

Potash 47-455 

Soda 2-730 

Sulphate  of  potasBimn  ....  17*062 
Chloride  of  potasdum  ....  8*966 
Bromide  of  potassium  ....  trace 
Phosphate  of  potasdum  .  0*448 
Silica. o-844-,99'789 

100-000 
n.  Peder^s  Analyses  of  Chmmercial  Potashes. 


CoMtitasiita. 

Tuicany. 

Bmiia. 

America. 

Vosgei. 

Red. 

Pearl, 
ashes. 

Carbonate  of  potassium 
Carbonate  of  sodium   . 
Sulphate  of  potassium . 
Chloride  of  potassium  . 
Insoluble  matters 
Moisture     ..... 
Phosphoric  add,  lime,  silica,  &c. ) 
and  loss  ....        ( 

74*10 
8*01 

18-47 
0-96 
0-65 
7-28 

0-54 

69-61 
8-09 

14-11 
209 
1-21 
8-82 

j-or 

68-07 
5-85 

15-32 
8-15 
8-35 

not  esti- 
inatad 

71-38 
2*31 

14-38 
3-64 
0-44 
4-56 

8-29 

88-68 
417 

88-84 
9-16 
2*66 
5-34 

l'20 

10000 

100-00 

100-00 

100-00 
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in.  Blfl/f  Jnaly$ei  ofSfyriam  Pmtathes, 
Carbonate  of  potaadiim      .        •       •        .        .    78*76        82-86 

Inaolable  matter 8-76         4-66 


IV.  Van  Bastelaer^a  Jnafytn  of 


100-00      100*00 
and  Bussian  Potaskea, 


American  potashes. 

CoostlCamitt. 

RoaalaD 
potasbcs. 

1 

t 

s 

Oarbonate  of  potaaiiiim      .... 
CanBtie  potaan 

21*47 

80-43 

12-96 

60-84 

4*46 

9-33 

21-71 

Sulphate  of  potaarinm        .        .        •        . 

20-08 

26-06 

23-70 

17-44 

Chloride  of  potaasiiim         .... 

7-66 

4*20 

7-89 

6-80 

Carbonate  of  aodium 

22-99 

23-90 

1707 

12-14 

Moiatore  .        .         ..... 

9-37 

3-11 

0-81 

1018 

Insoluble  mattera 

14-08 

3-98 

16-86 

3-60 

100-00 

10000' 

100-00 

100-00 

V.  Meyei^B  Anafymi  of  American  Potashes  (New  York). 

Coostitasnts. 

Best  Qnalltr. 

First 
Quslltr. 

Second  Quality. 

Third    . 
Qiialltf. 

Carbonate  of  potaaaium 
Hydrate  of  potaaaium   . 
Sulphate  of  potaasinm    . 
Chloride  of  sodinm 
Carbonate  of  aodinm     . 
Insoluble  matter  . 

9 

43-68 

49-68 

4-67 

1-64 

0*72 

24-67 

44-43 

1614 

4-40 

4-27 

6-19 

6601 

6-61 

27-70 

10-49 

0-19 

16-07 
38-69 
19-76' 
6-60 
4-70 
16-86 

63-16 
4-49 

21-30 
6-37 

14-01 
1-69 

38-47 

63-84 
0-62 
603 
1-64 

99-79 

10000 

100-00 

100-68 

10001 

100-00 

2.  Potash  as  a  bye-^kroduct  from  the  manufacture  of  Beet-root  and  Cane^vgar, 

Beet-root  ia  a  potaah-plant,  its  ash  containing  only  in  some  few  ingfatnfwg  a  laige  pro- 
portion of  soda ;  thna  Bonaainganlt  found  in  the  two  kinda : 

Potash-ash.  Soda- ash. 

Potaah    ....    48-9  ,^^  801) 

Soda  .        .        .      7-6     ■   .  "    .  34-2] 


100. 


Mathieu  de  Dombaalefint  attempted  to  combine  the  production  of  sugar  with  the 
extraction  of  potash  by  incinerating  the  leavesof  the  beet-root ;  his  plan  waa  however  soon 
abandoned;  about  20  years  later,  Dubrunfaut  suggested  that  the  unciystallisable 
sugar  in  the  molasses  should  be  oonyerted  into  alcohol,  and  the  potassium-salts  extracted 
from  the  residue.  This  plan,  which  has  been  adopted  on  a  large  scale  in  France  and 
G^ermany,  depends  on  inducing  a  fermentation  in  the  molasses,  separating  the  alcohol 
by  distiUation,  evaporating  the  residual  liquors  to  dryness,  r»ft.l<nning  the  solid  mass, 
and  treating  the  pure  salts  as  described  for  ordinary  potashes. 

Molasses, — The  unciystallisable  sugar  in  raw  beet-root  sugar  was  found byMoinier 
to  vary  from  0*12  to  3-40  per  cent,  but  in  some  molasses  it  amounts  to  90  per  cent. 
Fay  en,  Poinsot,  and  Brunet  found  9-699  per  cent,  of  the  carbonates  of  potassium 
ana  sodium  in  this  material  Krocker  founa  in  the  mineral  matter  left  by  the  incin- 
eration of  the  molasses : — 


K>0.     Na>0.    CaO.     80^      SiO>.       CO*. 


J^<^-Ph!S!2e.^-<^>- 


Soluble       47-88    2-84      .  . 
Insoluble      1-70    017    629 


1-68 


0-86 
0-22 


22-39 
3-79 


12-92     - 


0-29      0-63 


87-91 
12*09 


100-00 
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The  molasses  are  diluted  to  a  specific  ffravi^  of  1*085,  and  soIpliDric  acid  is  added 
to  render  the  liqnid  slightly  add.  This  liquid  is  mixed  with  2jt  per  cent,  of  the  yeast 
of  beer,  run  into  large  cisterns,  exposed  to  a  temperature  of  20°  G.  (68°  F.)  and  allowed 
to  ferment  for  fire  or  six  days.  It  is  then  distilfed  to  separate  the  alcohol,  amounting  to 
4  or  6  per  cent  of  the  liqnia.  All  the  salts  contained  in  the  plant  remain  in  the  residue 
called  yinasse. 

This  residue  is  neutralised  with  chalk,  and  the  liquid  is  allowed  to  settle.  It 
is  then  concentrated  in  iron  pans  to  a  syrupy  consistence  (1*217  to  1*372  spedilc 
grayity),  run  into  tanks  to  allow  the  sulphate  of  calcium  to  precipitate,  and  the  dear 
brown  liquor  is  calcined  in  a  reyerberatoiy  furnace. 

The  addition  of  chalk  to  the  yinasse  is  most  benefidal  to  the  composition  of  the  salt 
produced,  as  is  plainly  shown  in  the  foQowing  comparatiye  analyses : — 

Without  lime.  With  Uin«. 

Carbonate  of  potassium 42  62 

Carbonate  of  sodium  29  30 

Sulphate  of  potassium 10  1 

Sulphide  of  potassium 8 

Chloride  of  potassium 16  17 

100  100 

The  potashes  obtained  in  this  process  yary  yery  much  according  to  the  districts 
where  the  beet-root  has  been  grown ;  they  are  richer  where  the  beet-root  has  recently 
been  introduced,  than  where  the  soil  has  been  long  cultiyated  and  is  consequently  ex- 
hausted. These  raw  beet-root  potashes,  called  "  Salin  "  on  the  continent^  contain  on  tho 
ayerage : — 

Sulphate  of  potassium,  from 8  to  5  per  cent. 

Chloride  of  potassium,    „ 20  per  cent 

Carbonate  of  potassium  „ 80  to  35  per  cent. 

Carbonate  of  sodium      „ 18  per  cent. 

Bffining  of  the  raw  Salin, — ^The  crude  material  is  lixiyiated  and  the  liquors  are 
sometimes  boiled  down  to  dryness ;  sometimes  the  strong  liquors  are  concentrated  up  to 
1*473  whilst  the  sulphate  of  potassium  is  fished  out.  After  cooling,  a  large  crop  of  crys- 
tals of  chloride  of  potassium  forms  in  the  coolers.  The  mother-liquor  is  separated, 
concentrated  up  to  specific  grayity  1*655,  and  again  run  into  coolers.  In  three  or 
four  days  a  mass  of  crystals  is  formed,  consisting  of  a  double  carbonate  of  potassium  and 
sodium.  The  mother-liquor,  now  yery  rich  in  carbonate  of  potassium,  is  boiled  down  to 
dryness.  By  redissolying  and  recrystallising,  another  double  salt  with  less  carbonate 
of  potassium  is  formed,  which  is  then  melt«d  in  a  metal  pan  and  boiled,  whereupon 
carbonate  of  sodium  with  1  at  water  (Na'CC.H'O)  separate,  leaying  the  mother-Hquor 
rich  in  potassium-salt 

M.  Billet  subjects  the  yinasse  to  a  distillation  process,  somewhat  similar  to  that 
which  Mr.  Stanford  has  proposed  for  seaweed,  whereby  he  obtains  tar,  illuminatinff 
gas  and  charcoal  in  addition  to  the  ash.  The  potash  is  extracted  by  Uxiyiation,  with 
less  loss  than  in  the  preyious  process,  and  in  a  state  of  much  greater  purity.  (See 
Bichardson  and  Watts's  Chemical  Technology,  i.  [3]  480.) 

The  aggregate  quantity  of  potassium-salts  produced  from  the  beet-root  manufacture 
in  Europe  must  be  yery  large,  and  is  daily  increasing.  The  application  of  these 
processes  to  similar  waste-products  in  the  manufacture  of  cane-sugar  might  be  equidly 
adyantageous ;  a  process  has  in  fact  been  patented  by  Mr.  Qt.  Seymour  for  Mons. 
Leplay,  for  the  recoyery  of  the  potash  and  soda  from  the  saodiaiine  juices  of  canes  or 
beet-root  by  means  of  caustic  baryta. 

3.  Sulphate  and  Carbonate  of  Fotassium  ae  bve-prodvets  in  the  manufacture  of 

Tartaric  Acid. 

The  acid  tartrate  of  potassium  existing  in  grape  juice  being  but  slightly  soluble 
in  a  mixture  of  alcohol  and  water,  is  separated  during  fermentation  as  a  crust  on  the 
sides  of  the  casks,  and  called  white  or  red  crude  tartar  according  to  the  wine  from 
which  it  is  obtained.  This  being  dissohed  in  hot  water,  and  the  saturated  solution 
allowed  to  cool,  the  surface  is  soon  coyered  with  a  coating  of  fine  crystals  of  the  add 
tartrate  which  in  this  state  is  called  cream  of  tartar.  The  best  kinds  come  from 
Italy,  Spain,  and  France,  and  contain  on  an  ayerage  from  different  samples  82*7  per 
cent,  acid  tartrate  of  potassium,  7*6  tartrate  of  cdcium,  and  9*7  water  {I^knolcffy,  i 


[31484). 
Tl 


?hese  tartars  when  heated  are  decomposed,  and  leaye  a  black  mass  called  "  black 
flux;"  consisting  of  potassium-carbonate  mixed  with  charcoal ;  when  they  are  deflagrated 
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with  Ml^Mtve)  a  white  ttndxnB  is  obtained  ealled  "  white  flux ;  *  oonfliatiag  maialy  of 
poteaeiiim-carbonate.  Both  of  theee  flmee  ere  ezteneiyeW  need  in  aeeaying  meteUie 
one.  The  tArters  were  formerly  heated  ia  the  open  air,  till  the  zendne  beooie  vhit^ 
and  then  eold  aa  wood-aah. 

The  lees  of  wine,  as  well  as  the  yeasty  are  now  used  far  the  prodnction  of  caibonats 
of  potassium.  After  the  fermentation  of  the  wine,  the  yeast  or  leee  ia  collected  into 
one  Teesel,  ^aeed  in  bsgs,  and  pressed ;  and  the  cakes  are  dried  and  incinerated. 
Oreat  care  is  required  in  regolating  the  fire  properly.  These  ashes,  in  France  called 
€endre§  graveUes,  are  of  a  reiy  saperior  quality,  very  light,  porous  and  white.  A  sim^* 
lar  product  is  obtained  from  the  residue  in  the  manufacture  of  brandy. 

In  the  manufacture  of  tartaric  acid  half  the  acid  in  the  crude  tartar  is  neutralised 
with  lime  and  precipitated  as  tartrate  of  calcium.  The  neutral  tartrate  of  potassium 
remains  in  solution,  and  maybe  converted  into  chloride  or  sulphate  of  potassium,  by 
means  of  chloride  of  calcium,  sulphate  of  calcium,  or  dilute  sulphuric  acid.  Mr.  Gatty 
has  patented  a  process,  by  which  he  obtains  the  alkali  in  the  form  of  a  carbonate  by 
treating  the  solution  of  neutral  tartrate  with  milk  of  lime,  forcing  carbonic  acid  gas  at 
the  same  time  into  the  liquid  until  it  is  saturated ;  insoluble  tartrate  of  calcium  is 
formed,  and  the  add  carbonate  of  potassium,  which  remains  in  solution,  is  evaporated 
and  calcined  in  a  reverberatory  furnace. 

Wagner  proposes  to  substitute  carbonate  of  bsrium  for  the  lime,  and  obtains  thus  inso- 
luble tartrate  of  barium  and  a  solution  of  neutral  tartrate  of  potassium,  which  latter 
he  mixes  with  a  solution  of  hydrate  of  barium.  This  mixture  is  boiled  and  car^nic 
acid  passed  through  it,  until  all  the  baryta  is  precipitated,  and  the  caustic  potash  is 
converted  into  caroonate,  which  is  then  ovaporated  and  dried. 

n.  From  thb  Ashbs  ov  Masoxm  Flahts. 


origin.  First  regularly  pursued  in  Ireland,  it  was  introduced  into  Scotlana  l^  Mr. 
M'Leod  about  the  year  1730.  It  wss  at  first  worked,  for  its  contents  of  carbonate  of 
sodium,  at  the  time  when  high  war  duties  were  levied  on  barilla  and  salt.  At  the 
beginning  of  the  present  century,  the  value  of  Highland  kelp  was  twenty  pounds  per 
ton,  and  the  production  of  Scotland  about  this  period  was  20,000  tons  per  annum. 
When  theaoanufacture  of  soda  from,  common  salt  commenced,  the  kelp  fell  rapidly  in 
value,  and,  although  the  discorezy  of  iodine  in  1812  opened  up  a  new  demand  n^  kelp, 
its  production  never  agjain  reached  the  above-named  amount.  £elp  and  varec  are  now 
produced  solely  for  their  contents  of  iodine  and  potassium-salts. 

Tables  of  the  composition  of  the  ash  of  seaweed  are  given  in  "Rf^^haylfmn  and  Watties 
Chemical  Technology  (i.  [3]  501,  502),  showing  that  the 

Potash  and  soda  vary  from  15  to  40  per  cent. 

Lime                           „  3  „  21  „ 

Magnesia                   „  7  „  15  „ 

Common  bait              „  3  „  36  „ 

Phosphate  of  calcium  „  3  „  10  „ 

Sulphuric  acid            „  14  „  31  „ 

Silica                           „  1  „  11  „ 

Collection  of  the  Seaweed  and  manufacture  of  the  Kelp, — In  Scotland  the  kelp  is 
eolleeted  from  June  to  September,  and  is  known  as  '*cutweed"  and  "driftweed."  The 
cutweed  or  weed  cut  from  the  rocks,  is  chiefly  obtained  in  the  Highlands  from  two 
plants  called  "yellow-wreck.'*  and  "black- wreck,"  the  former  of  which  floats  in  water 
when  cut,  and  hence,  being  more  easily  mansged,  is  more  commonly  used  in  the  High- 
lands than  the  other  which  does  not  float.  The  weed  is  cut  only  during  spring-tij^s, 
and  it  is  important  to  dry  and  bum  it  before  it  suflTers  from  rain,  as  otherrae  it  is 
spt  to  ferment.    Cutweed  yields  less  iodine  and  potash  than  driftweed. 

In  Scotland  the  weeds  are  burned  in  kilns  on  level  ground,  14  to  Ifi  feet  long  by 
2  feet  broad,  surrounded  by  a  stone  wall  8  to  10  inches  high.  The  kiln  is  kindled 
with  dry  heath  or  straw,  on  which  the  dried  seaweeds  are  placed,  the  laying  on  of  the 
weed  beinff  done  ver^  carefully,  so  as  not  to  allow  it  to  burst  into  a  flame.  When  this 
operation  has  been  in  progress  from  nix  to  eight  hours,  a  poztion  of  the  eb&  waDa 
is  pulled  down  and  the  porous  ash  is  worked  up  and  kn^ded  until  it  meks  and 
runs  together,  and  thus  forms  the  "  floor,"  a  cake  from  3  to  6  indies  thick.  The  whole 
operation  is  then  proceeded  with  afresh,  a  second  floor  is  formed  &c.^  up  to  four  sad  even 
six  floors.    The  fused  mass  is  broken  up  by  throwing  water  upon  it. 
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In  the  north-west  of  Ireland  the  kelp  is  chiefly  made  iiom  dnftweed,  which  comes 
in  dnrinff  April  and  May ;  it  is  burnt  in  small  heaps  or  holes,  at  a  lower  temperatore^ 
so  that  the  kelp  is  more  porous  and  much  richer  than  that  firom  the  Westetn  Islands. 

On  the  west  coast  of  France,  in  Normandy  and  Brittany,  especially  on  the  shores  of 
La  Manehe,  the  **driftweed"  has  been  collected  from  time  immemorial.  When  tha 
weed  has  been  gathered  or  CQt>  it  is  dried,  and  afterwards  pnt  into  stacks  iriach  fltand 
until  July  or  Aognst,  when  it  is  bnmed  in  round  or  iiiiiMi^nlsi'  pits,  which  are 
protected  on  their  sides  and  bottom  by  ntoiws  at  plales.  Hie  pits  are  filled  with  dry 
weed  wid  set  on  fire,  fieesh  weed  being  continually  added  till  the  heat  becomes  so  great 
as  to  soften  and  ultimately  fuse  the  ashes. 

These  methods  however  are  open  to  all  the  objections  pointed  out  some  years  ago  by 
Heinrich  Boss,  as  applying  to  the  older  process  of  incinerating  plants,  the  chief  of 
which  are,  that,  owing  to  the  great  heat  applied,  Tolatile  substances,  iodine  and  potas- 
sium-salts for  example,  are  to  a  great  extent  lost,  and  that  the  carbon  deoxidises  the 
alkaline  sulphates,  reducing  them  to  sulphites,  hyposulphites,  and  even  sulphides,  which 
accumulate  in  the  mother'liquor  and  require  a  large  quantity  of  sulphuric  add  to  re- 
convert them  into  sulphates. 

To  obviate  these  obiections,  various  plans  have  been  proi>osed,  consisting  chiefly  in 
charring  the  weeds  only  slightly  bctfore  lixiviating,  or  in  subjecting  them  to  a  distilla- 
tion-process, whereby  tar  and  illuminating  gas  are  obtained,  together  with  a  xsaidue  of 
charcoal.  This  when  lixiviated,  yields  a  solution  containing  the  aolnbls  mineral  oon- 
stituents  of  the  seaweed,  which  are  thus  obtained  with  much  less  loss  than  by  the 
ordinaiy  process.    ^See  Shawbbd^ 

Composition  of  the  Kelp  and  Varee. — ^The  differences  in  the  kelp  and  viMe  from 
different  localities  are  veiy  great;  not  so  much  however  when  manufactuied  at  the  same 
place,  as  the  great  difference  in  the  composition  of  the  ash  of  the  seaweeds,  «T6n  of 
the  same  species,  might  lead  one  to  expect.  According  to  Golfier-Beaseyre's  analyses 
of  French  varee,  the  sulphate  of  potassium  varies  from  11  to  44  per  cent.,  and 
in  one  case  fell  as  low  as  2  per  cent.;  the  chloride  of  potassium  from  12  to  36  per 
cent.,  and  in  one  instance  it  was  only  0*36  per  cent;  the  sulphate  of  sodium  from 
Oto  35  per  cent;  the  carbonate  of  sodium  from  nil  to  17  per  cent;  and  the 
chloride  of  sodium  from  9  to  70  per  cent. 

Extraction  of  the  Salts. — The  separation  of  the  three  principal  salts  contained  in 
kelp,  riz. ,  the  chloride  and  sulphate  of  potassium  and  the  chloride  of  sodium,  is  based 
on  the  following  fkcts: — 1st.  That  common  salt  is  neariy  as  soluble  in  cold  as  in  hot 
water;  2nd.  That  chloride  of  potassium  is  more  soluble  in  hot  than  in  cold  water;  and 
3rd.  That  sulphate  of  potassium  is  only  slightly  soluble  in  cold  water. 

The  following  table  exhibits  the  solubilities  of  tibese  three  salts  at  12}"^  and  100^  C. 
(64<»  and  212*^  F.). 


Saitt. 

Quantitlei  diuolTed  by  100  pti.  of  water 

•t  ia|o  C. 

at  100°  C. 

Sulphate  of  potassium 

Chloride  of  potassium 

ChLjride  of  sodium 

10-5 
320 
36-5 

270 
59-4 
400 

It  must  not,  however,  be  forgotten  that  the  frst  solutions  of  the  potassium-chloride 
render  the  sulphate  less  soluble,  whereas  the  sodium-chloride  renders  the  potassium- 
sulphate  more  soluble  in  the  second  lye  than  in  pure  water. 

In  Scotland,  the  kelp  broken  into  small  pieces,  is  thrown  into  lai^e  cast-iron  vats 
containing  filters  made  of  straw,  dried  seaweed,  or  small  stones,  and  connected  by 
pipes,  so  that  the  liquid  may  flow  from  one  to  the  other.  Water  is  poured  into  the 
first  vat,  filters  through  into  the  second, and  so  on,  becoming  continually  more  charged 
with  the  salts,  and  when  saturated  is  made  to  flow  into  an  underground  receiver,  whence 
it  is  run  or  pumped  into  the  boiling-pans.  When  the  liquor  in  a  tank  falls  to  6° 
Twaddell,  it  is  run  off,  and  the  tank  is  refilled  with  fresh  kelp.  At  first  the  liquors 
stand  at  60®  T.,  but  by  the  time  the  last  vat  is  saturated,  they  fall  to  86**  T.,  below 
which  strength  no  liquors  are  evaporated.  The  filters  are  renewed  at  every  fifth 
operation.  The  exhausted  mass,  stiU  containing  some  kelp,  is  sold  to  bottle  manu- 
£&cturers. 

The  kelp-liquor,  frY>m  85^  to  50®  T.,  is  evaporated  in  iron  pans,  and  boiled  down  to 
60®  T. ;  the  salt,  which  faUs  in  great  quantities  during  the  evaporation  of  the  liquid, 
b  an  impure  sulphate  of  potassium ;  it  is  regularly  fished  out^  and  thrown  into  a 
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wooden  veieel,  with  a  perforated  bottom.  The  liquor  of  60^  T.  ie  allowed  to  oettle  and 
nm  off  into  a  cooler,  where  the  chloride  of  potaasinm  ciyatallisee  out  These  crystali 
are  thrown  into  a  basket^  and  allowed  to  drain.  The  mother-liqnor  is  boiled  np 
to  68^  T.»  when  sulphate,  chloride,  and  carbonate  of  sodium  salt  out,  and  are  drained 
an  the  same  way  as  before.  The  honor  is  allowed  to  cool  again,  and  another  crop  of 
chloride  of  potassium  is  obtained.  The  mother-liquors  are  then  run  off,  treated  as 
befoie,  and  boiled  np  to  74^  T«,  during  which  operation  the  same  sodium-salts  separate^ 
and  are  fished  out ;  the  liquor  again  run  into  coolers,  furnishes  a  third  crop  of  chloride 
of  potasduuL  During  the  evaporation  of  the  first  liquor,  the  pan  is  occasionallj  fed  with 
small  quantities  of  kelp-liquor,  but  during  the  boiling  of  the  second  and  third  liquon, 
nothing  but  the  corresponding  mother-uouors  are  supplied.  The  salts  separating 
durinff  the  boiling  of  the  second  and  thiia  mother-liquors  are  sold  as  kelp-salts,  and 
eontau  on  an  average  from  9  to  14  per  cent^  of  alkali;  thej  rtjj  yery  mndb  in 
composition,  as  the  foSowing  analyses  prove : 

JbuUy9e$  o/Kelp-Bolts  (Bichardson). 


MU. 

]. 

s. 

a. 

4. 

Carbonate  of  sodium 
Chloride  of  sodium 
Sulphate  of  sodium 
Sulphate  of  potassium 
Chloride  of  magnesium 
Insolubla  matters   . 
Wator    •        •        .        . 

1-08 
80-66 
1003 

7-47 

1-60 

6-23 
69-97 

4-70 
10-43 

8-60 

1604 

64-69 

16-27 

traces 

4-74 

23-68 

4117 
17-91 
trace 

18-00 

100-83 

99-83 

99-74 

100-76 

The  first  aystallisation  yields  about  86  to  90  per  cent.,  the  second  and  third,  96  to 
98  per  cent,  of  pure  chloride  of  potassium,  whilst  the  fourth  contains  some  sulphato  of 
sodium. 

In  France  the  varec  is  sometimes  ground,  and  the  lud  nation  is  conducted  in  wooden 
tanks,  with  fiidse  (perforated)  bottoms,  in  such  a  manner  that  the  chlorides  of  potassium 
and  sodium  are  fint  extracted,  whilst  the  sulphate  of  potassium  is  obtained  in  the  second 
lye.  Fresh  water  or  weak  lye  is  run  on  the  fresh  Jcelp,  and  thence  over  kelp  which 
has  already  been  treated  with  water,  &c,  &c^  until  the  density  reaches  1-12  to  1*1 6. 
These  lyes  contain  large  quantities  of  the  chlorides  of  potassium  and  sodium,  whereas 
the  sulphate  of  potassium  is  present  only  in  small  proportion.  The  residue  is  now 
treated  similarly,  until  the  lyes  stand  at  3  -96,  and  contain  principally  sulphate  of 
potessiom. 

The  lye  containing  the  alkaline  chlorides,  is  concentrated  up  to  1*333 ;  and  the 
chloride  of  sodium  deposited  is  fished  out,  and  thrown  into  wooc&n  hoppers  above  the 
pan.  The  salt  thus  obteined  contains  chloride  and  even  sulphate  of  potassium ;  to  re- 
move these,  it  is  thrown  into  wooden  boxes  with  false  bottoms,  and  whilst  the  lye  from 
a  prerious  operation  is  run  upon  it,  a  jet  of  steam  is  admitted  below  the  false  bottom ; 
the  whole  mass  is  stirred,  allowed  to  settle,  and  the  liquor  is  drawn  off  This  operation 
is  repeated  untQ  the  solution  stands  at  1*27,  when  it  is  run  off,  and  employed  as  abore 
mentioned  for  another  portion  of  salt  The  potassium-salts  are  thus  almost  entirely 
removed,  and  the  pure  sodium-chloride  is  drained  and  gently  dried. 

To  separate  the  chloride  of  potassium,  the  lye,  free  from  common  salt,  and 
standing  at  1*33,  is  drawn  into  coolers,  where  the  chloride  of  potassium  crystallises  out, 
the  mother-liquor  reteining  iodide  of  potassium  in  solution. 

The  sulphate  of  potassium  is  obtained  from  the  second  washings  of  the  varec, 
as  previously  explainKl.  When  the  lye  is  evaporated  in  flat  iron  pans,  the  sulphate 
separates  in  small  crystals,  which  are  drained,  washed  with  lye,  and  then  with  cold 
water. 

The  sulphate  and  chloride  of  potassium  thus  obtained  may  be  converted  into 
nitrate  by  decomposing  them  with  an  equivalent  quantity  of  nitrate  of  sodium 
(p.  100). 

IIL  Fbom  Sb^-watbr,  BBDOi-flPBDrofl^  and  Salt-beds. 

1.  From  Sea-water, 

Potassium  occurs  in  sea-water  as  chloride  and  sulphate  to  the  average  amount  of 
0-267  pt  in  1,000.    The  extraction  of  these  salts  from  sea-water  has  been  carried  on 
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m  the  south  of  Fiance  for  the  last  ten  yean  hy  a  process  deyised  by  B  al  ard  depending 
npou  the  natural  advantages  of  the  climate,  namely  a  powerful  summer^s  sun,  and  a 
sufficient  difierence  of  temperature  between  day  and  night.  The  sea-water  is  first  left  to 
evaporate  during  the  summer,  in  shallow  ponds  or  "  salt-eardens,"  whereby  a  con- 
siderable quantity  of  common  salt  is  obtained,  mixed  towards  the  last  with  sulphate  d 
magnesium  (see  Sodium,  Chlobidb  of).  The  mother-liquor  having  a  density  of  31°  B 
is  also  passed  into  a  series  of  shallow  ponds,  whereby  another  crop  of  common  salt 
is  obtained  during  the  day,  and  during  the  night  a  mixture  of  sulphate  of  magnesium 
with  a  double  sulphate  of  magnesium  and  potassium.  The  mother-liquors  from  these 
salts  are  run  into  other  ponds,  where  another  crop  of  crystals  is  obtained,  consisting 
chiefly  of  a  double  chloride  of  potassium  and  magnesium,  which  when  dissolved  in 
water  heated  by  steam  yields  chloride  of  potassium  on  cooling  (p.  718). 

The  mixed  magnesic  and  potassio-magnesic  sulphates  are  redissolved  and  evaporated, 
whereby  the  double  salt,  KfBiIg''S*0*.6H'O,  is  obtained,  which  is  used  in  the  manufac- 
ture of  alum,  and  for  the  production  of  carbonate  of  potassium  by  Leblanc's  process. 
The  mother-Hquor,  contaimng  only  the  Epsom-salts,  is  woilced  up  in  winter.  (See 
Stjij*satbs.) 

The  salt-works  of  Baynas,  covering  a  surfiice  of  about  370  acres,  yield 

200,000  cwts.  of  common  salt. 
1,200,000  cubic  feet  of  mother-liquors  at  31^  B. 

20  000  cwts  of    P^»*^^^  ^^^*  ^  crystallised  sulphate  of  magnesium. 
ln««iYno«  ooU.  i  (potassium, 

summer-salts.  ^  ^^^^  ^^^^  of  double-salts  of -^sodium. 

(magnesium. 
1,400,000  cubic  feet  of  mother-liquors  yielding  in  winter  90,000  cwts.  of 
sulphate  of  sodium. 

The  produce  just  described  is,  however,  attended  with  certain  inconveniences,  the 
chief  of  which  are  the  loss  of  saline  products  by  infiltration  during  the  long  sojourn 
of  the  concentrated  liquids  in  the  salt-gardens,  and  the  redilution  of  these  liquids  by 
rain.  These  inconveniences  are  entirely  obviated  in  the  improved  process  of  M. 
Merle,  which  consists  in  salimg  down  the  concentrated  sea-water  by  artificial  refri- 
geraHon,  For  this  purpose  the  sea-water,  after  being  concentrated  in  the  salt-gardens 
to  1*24  specific  eravity  (28°  B.) — at  which  degree  of  concentration  it  deposits  a^ut  Jth 
of  the  sodium-chloride  contained  in  it — ^is  diluted  with  about  10  per  cent,  of  pure  water 
(to  prevent  too  rapid  deposition  of  sodium-chloride  in  the  next  stage  of  the  process), 
and  passed  through  a  series  of  refrigerators  constructed  on  Carry's  principle  (Hsat, 
iii.  98),  in  which  the  sulphate  of  magnesium  and  chloride  of  sodium  are  oonverted  by 
mutual  decomposition  into  chloride  of  magnesium  and  sulphate  of  sodiunii  the  latter 
of  which  separates  out.  The  mother-liquor  still  containing  a  considerable  quantity  of 
sodium-chloride  is  then  run  into  boilers,  where  it  is  boiled  down  to  1'331  specific 
gravity  (86°  B.),  and  deposits  nearly.the  whole  of  the  sodium-chloride.  The  remaining 
mother-uquor  containing  the  chlorides  of  potassium  and  magnesium,  is  passed  into 
shallow  coolers,  where  it  deposits  magnesio-potassic  chloride,  and  from  this  the  chloride 
of  potassium  is  extracted  by  a  process  similar  to  that  described  on  the  next  page. 

2.  Brine-apringe, 

The  potash  contained  in  these  springs  has  not  as  yet  been  extracted  on  a  manu&c  • 
turing  scale.  Margueritte  efiects  it  by  passing  a  current  of  hydrochloric  acid  gas 
through  the  mother-liquor  left  after  the  separation  of  the  common  salt  The  whole 
of  the  potassium,  whether  it  exists  in  the  solution  as  magnesio-potassic  chloride,  or  as 
sulphate,  is  then  precipitated  in  the  form  of  chloride.  The  passage  of  the  gas  is 
facilitated  by  keeping  the  liquid  in  constant  agitation  (see  Technoloay,  i.  [3]  546).  The 
method  is  likewise  applicable  to  the  preparation  of  potassium-chlonde  from  the  mother- 
liquor  of  sea-water,  salt-marshes,  &e. 

The  potassium  may  also  be  separated  from  such  liquids  by  taking  advantage  of  the 
action  of  lime  on  sulphate  of  magnesium,  whereby  the  latter  is  converted  into  nearly 
insoluble  sulphate  of  calcium.  A  milk  of  lime  prepared  with  a  strong  solution  of  salt 
is  added  to  the  mother-liquor  of  salt-works,  in  sufficient  quantity  to  decompose  the 
sulphate  of  magnesium.  The  whole  is  boiled  and  allowed  to  settle ;  and  the  common  salt 
is  left  to  separate  from  the  liquor  in  the  usual  saltinff  pans,  until  the  ddoride  of  potas- 
sium begins  to  appear,  when  a  small  quantity  of  diloride  of  sodium  and  chloride  of 
potassium  crystallises  out  as  the  liquor  cools.  When  the  temperature  &lls  to  140° — 
160°  F.,  the  liquor  is  run  off  into  another  cooler,  where  the  chloride  of  potassium 
crystallises. 
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S.  Preparation  of  Potasnum-chloride  from  the  Salt-beds  of  StatBfurth. 

The  occorrence  of  a  deposit  of  magneeio-potafliie  diloride  abore  the  rock-aalt  of  StaoB- 
furCh  near  Magdeburg,  has  been  already  mentioned  (p.  607).  The  saline  deposit,  whidi 
is  of  great  extent  and  thickness,  is  situated  partly  in  tne  Prussian  tenitozy,  partly  in  the 
Duchy  of  Anhalt.  To  the  north  of  the  town  of  Stassfurth,  the  saline  deposits  orer- 
lying  the  pure  rock-salt  have  a  thickness  of  187  metres  and  may  be  dirided  into  four 
principal  layers,  the  limits  of  which  are  liowever  not  Tery  well  defined :  1.  Immediately 
above  the  pure  rock-salt  is  a  bed  107  metres  thick  composed  of  layers  of  chloride  of 
sodium  interspersed  with  thin  veins  of  anhydrite^  CaSO*. — 2.  Above  this  is  a  similar 
bed  31'6  metres  thick,  in  which  the  anhydrite  is  replaced  by  jpo^Aa/i^,K'Ca'Mg(SO^)^ 
2HK) :  in  this  bed  also  the  chloride  of  sodium  b^;ins  to  be  intezspersed  with  sm&Ll 
quantities  of  magnesio-potassic  chloride. — 3.  KieseriU  bed,  28  metres  thick,  consisting 
of  Uyers  of  kieserite  M^SO*.H*0,  alternating  with  layers  of  magnesio-potassic  chloride, 
the  proportion  of  kiesente  being  greatest  in  the  upper  part.  The  average  composition 
of  this  bed  is  66  per  cent  wloride  of  sodium,  17  kieserite,  16  magnesio-potassie 
chloride,  and  2  anhvdrite. 

4.  CamaUite  bed,  20*6  metres  thick,  containing  large  quantities  of  camallite 
2KCLMg01M2H'0,  especially  in  the  upper  part^  alternating  with  rock-salt  and  kieser- 
ite. Its  average  composition  is  56  per  cent  camallite,  26  rock-salt,  16  kieserite,  and 
4  hydrated  chloride  of  magnesium.  It  contains  also  a  few  thin  veins  of  tachydrUe, 
OaCl'.2MgClM2H'0,  of  ^/rtneorpure  chloride  of  potassium,  and  tuberosities  of  boracUe, 
SM^.B'O',  often  enclosing  nodules  of  camallite  or  tachydrite.  AH  the  salts  com- 
posing this  bed  are  very  dwauescent 

The  composition  of  these  beds,  the  most  soluble  salts  occupying  for  the  most  part 
the  highest  positions,  leads  to  the  supposition  that  they  have  been  deposited  by  the 
graduu  drying  up  of  an  inland  sea  or  salt-water  lake ;  but  their  great  thickness,  and 
the  oeeasional  oocurrence  of  veins  of  the  less  soluble  in  the  midst  of  the  more  soluble 
•alts,  render  it  necessary  to  suppose  that  the  waters  of  the  lake  were  oontinually 
renewed,  either  by  the  products  of  the  solution  of  neighbouring  saline  deposits,  or  by 
the  waters  of  the  ocean  which  formerly  covered  the  plains  of  Northen  C^ermany. 

The  percentage  composition  of  pure  camallite  and  that  of  two  specimens  from  Stassftirth 
as  det^mined  by  analysis — a,  by  Rammelsberg  (Pogg.  Ann.  zeiv.  608);  6,  by 
Oesten(t6Mf.  xcviiL  161) — is  given  in  the  following  table;  also  the  average  composition 
of  the  "  potash-salt "  supplied  to  the  works  for  the  extraction  of  diloride  of  potaasimn. 

Calculated.  Analjaet.        AferagecoB- 

^    '      -^  -t    position  of 

tKa.lfgas.lSH*0    a.  *.    **pot«sb.Mat.*' 

Chloride  of  potassium     ....    26-88  2744  24-27        16 

Chloride  of  ma|;nesium  ....    84*20  86*03  80*98        20 

Chloride  of  sodium .     .  4*82        26 

Chloride  of  calcium .    .  2*82 

Sulphate  of  calcium  (anhydrite)       .        ...  .    .  1*06 

Sulphate  of  magnesium .    .  .    .         lo 

Ferric  oxide,  &e. 0*14) 

Water 38*92  37*63  36*92  {       ^* 

100-00      10000       100*00       100^ 

The  preparation  of  chloride  of  potassium  from  the  "potash-salt"  depends  upon  the 
fiict  that  camallite  forms  only  in  solutions  containing  excess  of  cUoride  of  magnesium, 
so  that  when  the  salt  is  dissolved  in  hot  water,  and  the  solution  is  left  to  cool,  no  double 
salt  separates,  but  the  more  soluble  chloride  of  magnesium  remains  in  solution, 
while  part  of  the  chloride  of  potassium  crystallises  out  The  mother-liquors  are  then 
furtiier  treated  for  the  recovery  of  the  remaining  quantity. 

The  •*  potash-salt"  is  first  dissolved  in  cold  water ;  the  solution  is  heated  by  a  steam 
pipe  conveying  steam  at  120°,  and  continually  stirred  by  revolving  arms,  to  fieu^ilitate 
solution ;  and  the  liquid,  after  standing  for  ten  hours,  is  decanted  from  the  insoluble 
matter.  The  dear  solution  marking  32®  B.  is  completely  saturated  with  chloride  of 
potassium  and  chloride  of  magnesium,  and  contains  also  small  quantities  of  chloride 
of  sodium  and  sulphate  of  ma^esium.  It  is  transferred  to  a  series  of  crystallising  vessels 
in  which  crystals  are  deposited  containing  from  60  to  70  pr  cent  chloride  of  potas- 
sium, a  charge  of  20,000  kilogrammes  of  "  potash-salt  **  yielding  from  16,000  to  17,000 
kilogrammes  of  this  impure  chloride  of  potassium.  The  crysbds  are  washed  with 
water  to  remove  the  adhering  mother-liquor  and  the  chloride  of  magnesium,  after  which 
ihev  contain  80  per  cent  chloride  of  potassium. 

The  mother-hquors  together  with  the  wash-waters  are  concentrated  to  36°  B; 
Chloride  of  sodium  is  then  deposited  while  chloride  of  magnesium  and  chloride  of 
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SDtaflsimii  renudn  in  flolntion,  and  as  the  former  ia  in  excess,  the  fd«tion  on  cooling 
epoeita  erystaLi  of  artificial  camallite,  which  are  treated  in  the  same  manner  as  the 
original  potash-mlt. 

The  salt  deposited  during  the  concentration  of  the  aboYe-mentioned  mother-liquors 
contains  65  per  cent  chloride  of  sodinm,  80  per  cent  magnesio-potassic  sulphate, 
K*Mg''(S0«)*.6HH),  and  &om  3  to  6  per  cent,  chloride  of  potassium.  By  washing  it 
on  doth  filters,  about  half  the  chloride  of  potassium  is  remoyed,  and  the  wash-waters 
are  used  to  dissolve  a  fresh  portion  of  the  "  potash-salt" 

The  mother-liquors  remaining  after  the  deposition  of  the  artificial  camallite  contain 
80*2  per  cent  chloride  of  magnesium,  2*5  per  cent,  sulphate  of  magnesium,  0*2  chloride 
of  sodium,  2*8  chloride  of  potassium.  They  were  formerly  thrown  away,  but  are  now 
used  ibr  the  preparation  of  magnesium-salts. 

The  chloride  of  potassium  sent  into  ihe  market  from  the  Douglas  works  at  Stassfurih 
contains  82*00  per  cent  pure  chloride  of  potassium,  15*50  cUoride  of  sodium,  0*50 
sulphate  of  potassium,  0*60  sulphate  of  magnesium  and  1*20  water.  The  last  of  these 
impurities  is  the  most  injurious  in  the  several  applications  of  the  salt 

Other  potassium-salts  are  also  prepared  at  Stassfurth. — 1.  The  chloride  is  converted 
into  sulphate  by  double  decomposition  with  sulphate  of  magnesium;  but  the  mode 
of  conducting  the  process  is  kept  secret. 

2.  The  sulfate  is  oonvertea  into  carbonate  of  potassium  by  a  process  analo- 
gous to  that  of  Leblanc  for  the  manufacture  of  sodie  carbonate  (i  792) ;  but  this  branch 
of  the  manufscture  has  hitherto  been  carried  out  only  on  a  small  scale. 

8.  Saltpetre  is  prepared  from  the  chloride  of  potassium  by  double  decomposition 
with  nitrate  of  sodium  (see  Nitiutbs,  p.  100).  (For  further  details  see  Joulin, 
BnU.  Soc.  Chim.  1865,  i.  828,  401.) 

The  residue  left  on  -  dissolving  tne  crude  potash-salt  in  water  (p.  718)  consists  of 
20  to  80  per  cent  kieserite,  M/'S0\H*0,  60  to  75  chloride  of  sodium,  and  10  to  15 
per  cent  insoluble  substances.    It  is  used  for  the  manufacture  of  SIdphate  of  sodium. 

(See  SULFHA^TIBS.) 

IV.  FbOX  FxLSPAB  AMD  OTHB&  SnJCATBSL 

Fuchs  was  the  first  to  atten^  the  estraetion  of  potash  from  the  felspars  and  micas 
by  caldninff  them  with  Ume^  and  then  lixiviating  the  frit  Numerous  processes  have 
been  published  since. 

1.  To  obtain  the  alkali  as  hydrate  or  carbonate  of  potassium,  Lawrence  heats 
the  mineral,  throws  it  into  water,  and  grinds  it  to  a  fine  powder,  which  is  mixed  with 
damp  sawdust)  piled  up  in  heaps,  with  alternate  layers  of  straw,  and  watered  now  and 
then  with  urine  or  other  nitrogenous  liquids.  These  heaps  are  allowed  to  ferment 
during  six  months,  then  mixed  with  thick  cream  of  lime,  and  made  into  bricks  which 
are  calcined  at  a  high  temperature.  On  Uxiviation,  the  potash  dissolves,  whilst  the 
silicate  of  calcium  remains  behind  as  residue. 

In  E[ack*8  and  Meyer^s  processes,  which  are  similar  to  each  other,  an  intimate  mix- 
ture of  100  pts.  of  felspar  and  from  189  to  188  pta.  of  lime  is  heated  for  some  hours 
at  a  temperature  between  a  bright  red  and  white  heat,  then  ground  to  powder,  and  boiled 
from  two  to  four  hours  under  a  pressure  of  eight  atmospheres  ,*  a  caustic  Ive  free  from 
lime  and  containing  all  the  soda  and  from  9  to  1 1  per  cent  of  potash  (of  the  weight  of 
the  mineral)  is  thus  obtained.  This  lye  is  saturated  with  carbonic  add  and  evaporated, 
during  which  alumina  and  silica  are  first  predpitated,  after  which  the  carbonate  of 
flodium  salts  out,  leaving  the  carbonate  of  potassium  in  solution. 
.  F.  O.  Ward  uses  fiuor-spar  together  with  lime,  and  when  the  residue  is  to  be 
employed  in  the  manufacture  of  cement,  adds  a  day  rich  in  alamina.  The  proportion 
of  fluoride  of  <»ilcium  he  recommends  to  be  about  7  or  8  per  cent  of  the  mixture,  which 
is  then  calcined  in  a  reverberatory  furnace  at  a  bright  red  heat,  after  which  the  mass 
is  lixiviated  in  the  usual  manner;  the  liquor  is  boiled  down,  freed  from  the  silica 
(about  25  per  cent)  which  predpitates  on  treating  the  liquid  with  carbonic  add, 
leaving  carbonate  of  potassium  in  solution. 

2.  To  obtain  the  alkali  as  sulphate  or  chloride  of  potassium,  Tilehman 
mixes  2  pts.  of  felspar  (containing  16  per  cent  potash)  with  1  pt  of  lime  and  1  pt 
of  sulphate  of  caldum  or  barium ;  grinds  the  whole  to  a  fine  powder ;  and  heats  tne 
intimate  mixture  to  bright  redness  for  about  eight  hours,  without,  fusion  of  the  mass. 
The  atmosphere  of  the  fbmace  has  to  be  carefully  preserved  in  an  oxidising  condition 
by  the  admission  of  a  sufficient  quantity  of  air.  The  mass  is  then  repeatedly  lixiviated 
with  hot  water,  and  the  solution  of  sulphate  of  potassium  is  evaporated  (the  sulphate 
of  caldum  or  barium  which  deposits,  being  continually  removed).  To  obtain  chloride 
of  potassium,  ground  potash-CBlspar  and  the  chloride  of  either  sodium,  caldum  or  iron 
is  heated  for«bout  six  hours  to  bright  ndness  in  an  iron  cylinder,  the  heat  being  so 
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xegulAted  ••  to  be  abore  the  melting  point  of  the  diloride  employed,  bnt  below  that  of 
the  felspar;  the  char^  is  raked  into  an  iion  Teasel  and  immediately  eoTored,  nntil 
qnite  oool ;  the  mass  le  then  liziriated,  and  the  chloride  of  potaaaiam  obtained  from 
uie  eolntion  in  the  naual  manner. 

S.  To  obtain  the  alkali  as  potash  •alnm,  Sprengel  mixed  the  finely-ffronnd  mineral 
with  strong  sulphuric  add  to  the  consistency  of  a  thin  paste,  and  len  it  thos  for  two 
months ;  on  lixiyiating  the  mass  with  a  laige  quantity  of  water  and  eyworation  a 
pnre  alum  of  the  usual  crrstalline  foim  was  obtained.  Turner  employea  sulphate 
of  potassium  instead  of  sulphuric  acid,  and  mixed  the  ground  felspar  with  its  own 
weight  of  the  sulphate.  This  mixture  was  thrown  on  the  white-hot^  inclined  bed  of 
a  rererbentoiy  ftarnace,  and  to  the  glass,  which  fonns  and  flows  to  the  sock  of  the 
furnace,  carbonate  of  potassium,  equal  in  weight  to  the  sulphate  used,  was  gradually 
added.  This  operation  was  repeated  until  the  sock  of  the  furnace  was  filled  with  glassL 
On  boiling  this  glass  with  water,  two-thirds  of  the  silica  in  the  felspar,  in  combination 
with  part  of  the  potash,  was  dissolred,  and  a  porous  mass  was  left,  which,  idien  boiled 
with  ailute  sulphuric  add  of  specific  ffravity  I'^O  in  leaden  pans  (160  lbs.  of  diy  add  to 
ereiy  285  lbs.  of  felspar),  yielded  a  solution,  which  when  concentrated,  produced  oryatala 
of  alum.  To  obtain  carbonate  of  potassium  from  the  above  silicate  of  potassium 
liquon,  they  are  treated  with  carbonic  add  to  predpitate  the  silica ;  to  obttun  caustic 
potash  the  same  liquon  are  filtered  through  a  bed  of  lime^  which  retains  the  silica. 

None  of  these  processes  have  however  yet  been  canned  out  on  the  manufiicturing  scale ; 
so  that  hitherto  the  immense  stores  of  potash  in  the  alkaliferous  rocks  have  been  only 
indirectly  available  for  the  purposes  of  industry,  namely  through  the  medium  of  plants, 
which  extract  the  potash  from  the  soil.  Mr.  Ward's  process,  called  the  *'  caldfluorie 
attack,"  seems  however  to  hold  out  the  best  promise  of  success.  The  addition  of 
fluor-spar  greatly  fadlitates  the  decomposition  of  the  silicate,  and  enables  it  to  be 
effectea  at  a  temperature  lower  than  would  be  necessaxy  if  lime  alone  were  used ; 
moreover  the  prooNs  yields  the  alkali  at  once  in  the  caustic  or  carbonated  state, 
whereas  in  most  of  the  other  processes  in  which  an  add  material  has  been  added  to 
fiadlitate  the  decomposition,  the  alkali  has  remained  in  combination  with  the  add,  re- 
quiring  a  subsequent  process  of  separation. 

V.  Potash  fbom  Wooi^ 

It  is  well  known  that  sheep  draw  from  the  land  on  which  they  graze  a  considerable 
quantity  of  potash,  which,  after  circulating  in  their  blood,  is  excreted  from  the  skin 
with  the  sweat.  Chevreul  pointed  out  that  this  peculiar  compound,  which  the  French 
call  "  suinty"  forms  no  less  than  a  third  of  raw  merino  wooC  from  which  it  may  be 
readily  dissolved  out  by  simple  immersion  in  cold  water.  In  ordinary  wool  it  is  lees 
abundant,  and  accordiog  to  MM.  Maumeni  and  Bogelet,  the  potasdc  sudorate  or  suint 
of  ordinary  wool  forms  on  the  average  about  14  per  cent  of  the  raw  fleece.  This 
compound  is  not  a  soap,  as  was  formerly  supposed,  the  grease  of  the  wool  (about  8^  per 
cent)  being  in  fact  combined  with  earthy  matter,  chiefly  lime,  ss  an  insoluble  soap. 
The  soluble  sudorate  is,  according  to  Maumeni  and  Bogelet,  the  potassium-salt  of  a 
peculiar  animal  add  containing  nitrogen. 

Maumen^  and  Bogelet  recover  the  potash  from  this  compound  on  a  manufacturing 
scale.  The  wool  is  placed  in  casks,  pressed  down  as  much  as  possible,  and  cold  water 
is  poured  over  it  Bfo  greasy  particles  escape  with  the  brown  solution,  and  all  sand, 
&c.  is  ratained  by  the  wool,  which  acts  like  a  filter.  The  solutions  (of  spedfic  gravity 
1*10)  ara  boiled  down  to  dryness ;  the  sudorate,  which  has  the  appearance  of  baked 
molasses,  is  broken  into  lumps  and  caldned  in  retorts.  The  residue  is  lixiviated,  and 
the  liquon  boiled  up  to  80^  and  even  50^  B.  The  chloride  and  sulphate  of  potassium 
crystallise  out  on  cooling,  and  the  mother-liquor,  when  boiled  down  to  dryness,  yields 
carbonate  of  potassium,  free  from  soda. 

The  production  is  generally  140  to  180  lbs.  of  dry  sudorate  of  potassium,  or  70  to  90 
lbs.  of  pure  carbonate,  and  5  to  6  lbs.  of  sulphate  and  d^loride  of  potassium  from 
every  1,000  lbs.  of  raw  wool.  (See  Hofmann's  B^»art  on  tke  Chemical  ProdueU  in 
the  International  Exhibition  of  1862,  p.  42.)  T.  B. 

POTATO.  Solanum  tuberosum. — ^Potatoes  (the  tnben)  contain,  according  to 
Hennebere,  Ann.  Ch.  Pharm.  Ixix.  836),  0-84  per  cent  nitrogen,  and  7680  per  cent 
water.  A  white  variety  analysed  byGrouven  (Jahresb.  1867,  p.  620)  exhibited  the 
following  composition :  a,  when  grown  with  mineral  manure ;  6,  with  manure  rich  in 
nitrogen. 
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Starch. 

Protein 
•alwteoce. 

Gam, 
Dextrin. 

Sugar. 

Fat 

ExtractiTe 
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loie. 

Ath. 

a. 

76-40 

14-91 

217 

2-34 

016 

0-29 

1-70 

0*99 

1*00 

b. 

76-20 

16-68 

8-60 

1-29 

111 

0-81 

1-99 

108 

0-90 
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Aooording  to  J.  J.  Pohl  (Wien.  Akad.  Ber.  Tiii.  42 ;  Jshresb.  1862,  p.  811),  the 
percentage  of  dzy  sabatanee  and  of  staich  in  potatoes  Tariea  with  their  specific  gravitj 
as  follows : — 


Spedfle 

Dry  tobttaiioe 
in  100  pU. 

Starch  la 

Spedlle 

Dry  tahitanoo 

Surchhi 

gravity. 

100  pU. 

gravity. 

to  100  pii. 

100  pu. 

1090 

28*84 

10-88 

1-106 

27*64 

20*06 

1091 

2409 

16*81 

1107 

27*97 

20-46 

1098 

24-67 

17*11 

1*108 

2810 

90*69 

1*094 

24*98 

17-62 

1110 

28-99 

21*82 

1099 

26-98 

18-48 

1'116 

29-60 

21-96 

I'lOl 

26-45 

18-98 

1128 

81*64 

24*14 

See  also  Lndersdorff  (BingL  poL  J.  Izt.  48),  and  Von  Bulling  (GakrwifftcAemu^ 
ii.  64,  and  SupnL,  p.  48 ;  also  A«  Vogel  (Chem.  Centr.  1862,  p.  884). 

A  ready  method  of  determining  the  average  spedftc  gravity  of  a  sample  of  potatoes 
is  to  throw  a  number  of  them  (6— 12)  into  a  strong  solution  of  common  salt,  and  dilute 
the  liquid  with  water  till  some  of  them  sink  in  it,  while  others  float.  The  dilute  salt- 
solution  has  then  the  mean  specific  gravity  of  the  sample,  which  may  accordingly  be 
determined  by  the  hydrometer,  (f  resenius  and  Fr.  Schulze^  J.  pr.  Chem.  li. 
436.) 

On  the  nutritive  value  of  potatoes^  as  oompared  with  the  tubers  of  other  plants,  see 
i.  860,  844 ;  ii  710. 

Mh  of  Botaio-tuiers  (T.  J.  Herapath,  Chem.  Soc  Qu^  J.  iL  4). 


( 

**  White 

••  Frlnc0*i 
beauty.** 

**Axbridffe 
kldaejT' 

"Maggie." 

••  Forty, 
fold/' 

Ash  in  100  pts.  of  the  plant  J  J?^ 

1'80 
4*82 

106 
8-63 

1*27 
4-86 

109 
8-46 

0-88 
3-»7 

Ash-constituents : 
A.  Soluble: 

Carbonic  anhydride   . 

21-06 

16-67 

21-40 

1816 

13-33 

Sulphuric  anhydnde  • 
Phosphoric  anhydride 

2*77 

4*94 

8*24 

6*60 

6-78 

6*72 

8-92 

8*77 

6-67 

11-43 

Potash      •        . 

68*47 

64-17 

6661 

66*73 

5303 

Soda 

trace 

trace 

trace 

trace 

trace 

Chloride  of  sodium    . 

trace 

trace 

trace 

trace 

209 

K  Insoluble: 

Calcic  carbonate 

0-84 

2-06 

302 

1-96 

2-29 

Magnesie  carbonate  • 

8*68 

0-27 

1*26 

2-66 

0-67 

Calcic  sulphate .... 

trace 

trace 

012 

trace 

trace 

Tricaldc  phosphate  , 

8-36 

0-68 

8*83 

6*37 

2*86 

Trimacnesie  phosphate      •       • 
Basic  feme  phosphate 

9-26 

12-30 

7*66 

3-64 

7*62 

trace 

trace 

006 

trace 

trace 

Silica 

Soluble  in  water,  per  cent 

trace 

trace 

012 

trace 

trace 

100-00 

100-00 

99*98 

99-68 

10000 

88-02 

84-70 

8402 

8616 

86-66 

Insoluble          „            „ 

16-98 

16*30 

16-96 

13-42 

13  34 

See  also  analyses  by  G.  F.  Walz  (Jahresb.  1860,  Table  C.  to  p.  661).  For  a  com* 

Earison  of  the  ash  of  healthy  and  diseased  potatoes :  Griepenkerl  (Ami.  Ch.  Pharm. 
dx.  864;  Jahresb.  1849,  p.  686);  also  G.  Kemp  (Chem.  Gaz.  1847,  pp.  69). 
The  following  table  ezhioits  the  amount  and  composition  of  the  ash  of  the  stems  and 
tubers  of  the  potato,  as  determined  by  Way  and  Ogston  (Journal  of  the  Royal  Agri- 
cultural Society,  zi.  [2]  629 ;  Jahresb.  1860,  Table  C  to  p.  661) ;  also  of  the  tubers  by 
J.  Moser  (J.  pr.  Chem.  bci.  321;  Jahresb.  1863,  p.  680),  and  by  Schulz-Fleeth 
(Pogff.  Ann.  xcii.  266;  Jahresb.  1864,  p.  666) ;  also  hy  the  latter,  of  the  peel  cat  from 
boUed  potatoes ;  of  the  residue  (impure  cellulose)  obtained  b^  washing  the  finely-ground 
potatoes  on  a  sieve  with  water ;  and  of  the  dried  juice  obtained  by  washing  the  ground 
tubers  with  water,  filtering  quickly,  heating  the  liquid  to  coagulate  the  albumin, 
separating  the  deaf  juice  ther^rom,  and  evaporating. 
Vol.  IV.  3  A 
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POTATO-FAT— POWDER  OF  ALG'AROTH.  T2S 

Fiom^imeriments  madebj  NSgeli  and  Zoller  on  the  ^wth of  potatoesi  Liebig 
(Ann.  Ch.  Phann.  czxiz.  287)  conaudes  that  in  a  soil  containing  the  average  amount  of 
nitrogen,  ammonia  may  be  dispensed  with  as  a  constitnent  of  the  manoie  for  potatoes, 
without  impairing  the  crop ;  that  for  a  soil  rich  in  potash,  the  addition  of  phosphates 
is  absolntelj  necessary,  and  in  a  soil  poor  in  potash  (but  containing  a  sufficiency  of 
phosphoric  acid)  the  addition  of  wooa-ash  is  essential  in  order  to  ensure  an  increased 
production  of  the  tubers.  These  experiments  also  showed  that  when  potatoes  are  grown 
under  otherwise  equal  circumstances,  in  peat,  either  in  its  natural  state  or  manured 
with  phosphoric  acid  and  ammonia,  two-thirds  of  them  became  putrid,  whereas 
those  grown  in  peat  mixed  with  alkaline  phosphates,  carbonate  of  potassium,  and 
gypsum  were  perfectly  tree  from  disease. 

The  juice  of  potatoes  contains  anMiragin  and  malic  acid  (Hirsch,  Ann.  Ch.  Phann. 
li.  246 ;  Lndwig,  Arch.  Pharm.  [2]  criL  10;  Jahresb.  1861,  p.  740).  The  aqueous 
extract  of  the  tubers  contains  a  glucoside  soluble  in  alcohoL    (Lndwig.) 

On  the  potato-disease,  see  Jahresb.  1847—48,  p.  1106;  1849,  p.  704;  1860,  p.  642. 

POTJLTO-VAT«  Fresh  potatoes  contain,  on  the  average,  0'73  per  cent,  of  fiit 
eztractable  by  ether,  about  half  that  quantity,  but  of  difi^nt  constitution,  existing  in 
the  peeL  when  the  juice  of  bruised  potatoes,  from  which  the  starch  has  settled 
down,  is  heated  to  boiling;  albumin  and  tal  separate  out,  and  the  latter  may  be 
extracted  by  ether.  Peeled  potatoes  thus  treated,  yield  a  oomparatiTely  light-coloured 
solid  fiit:  unpeeled  potatoes  a  dark  liquid  &t  By  evaporating  the  ethereal,  solution, 
there  are  obtained  from  peeled  potatoes :  a.  White,  slender,  stellate  needles,  which  turn 
brown  at  270^,  without  melting,  are  not  saponifiable,  resemble  suberin,  and  contain, 
on  the  average,  71*34  per  cent  C,  10*8  H,  and  16*68  O. 

b.  The  mc^er-lii^uor  leaves  when  evaporated  a  yellow  buttery  fbt,  consisting  of  a 
mixture  of  &tty  acids,  free  from  glyceriaes,  and  eaaQy  soluble  in  aqueous  carbonate  of 
sodium.  This  &t  melts  at  42*6^,  contains  between  70*6  and  76*8  per  cent  0, 10*7  and 
11*7  H,  and  alters  quickly  in  contact  with  the  air.  By  saponiflmtion,  decomposition 
with  hydrochloric  acid,  and  solution  in  aqueous  alcohol,  it  yields  ciysUds  of  fa^^  acids 
melting  at  62°.  On  dissolving  these  in  alcohol,  and  mixing  the  solution  with  a  small 
quanti^  of  neutral  acetate  of  lead,  thin  laminsB  crystaUise  on  cooling,  from  which  an 
acid  mdting  at  60^  may  be  separated.  The  mother-liquor  mixed  with  a  large  quantity 
of  neutral  acetate  of  lead,  yields  the  lead-salt^  of  an  acid  mdtins  at  68^.  ^e  acid 
melting  at  60^,  Eichhom's  solanostearic  add,  is  difficult  to  ciysteulise ;  its  silver-salt 
contains  61*06  per  cent  C,  8*86  H,  6*98  0,  and  33*11  Ag*0,  agreeing  approximately 
with  the  formula  C"H''Ag0*.  TUs,  or  a  similarly  constituted  acid  (73*79  per  cent. 
C,  12*62  H,  and  74*63  C,  13*09  H),  is  likewise  obtained  by  the  distillation  of  potato- 
&t.    It  is,  according  to  Heints,  a  mixture  of  palmitic  and  myristic  adds. 

e.  Unpeeled  potatoes,  cut  in  sUcee,  dried  at  lOO'',  pulverised  and  exhausted  with 
alcohol,  yield,  after  evaporation  of  the  alcohol,  an  extract^  from  which  ether  dissolves 
a  brown  syrupy  fat.  On  dissolving  this  in  potash-ley,  separating  it  out  again  with 
acid,  and  mixing  it  in  alcoholio  solution  with  ammonia  and  <mloride  of  barium,  barium- 
salts  ot  the  above-mentioned  solid  fatty  acids  are  precipitated,  while  Eichhom's  sdan- 
oleio  acid  remains  dissolved,  and  majr  be  obtained  hj  evaporation  as  a  viscid  barium- 
salt,  from  which  alcoholic  hydrochloric  acid  separates  the  acid  still  coloured  brown. 
This  solanoleie  acid  is  not  converted  into  elaidio  acid  by  nitrous  acid,  and  is  but  par- 
tially, or  not  at  all,  precipitated  from  ita  alcoholic  solution  by  alcoholic  neutral  acetate 
of  lead.  It  occurs  tJso,  though  in  smaller  quantity,  in  the  fat  of  peeled  potatoes. 
(Eichhorn,  Pogg.  Ann.  Ixxxvii.  227.) 

nUUb-onb.    See  FussL-oiL  (ii  763). 

or  LapiB  oUaris,    A  term  applied  to  the  coarser  granular  varieties  of 
steatite,  of  dark  colour,  and  more  or  less  hnpnre. 

;XJLT.    See  Cult  (L  1024). 

See   IM9  Dictionary  of  Jrts,  Man^factwre$  and   Mines  (iii. 
486--609). 

VOmnLa.    Syn.  vrith  BosAx. 

VOmuraUTV*  A  blackish-red  colouring  matter  contained  in  the  sediment  of 
old  wines.  It  is  insoluble  in  water,  soluble  in  strong  sulphuric  acid,  and  is  precipitated 
therefrom  on  addition  of  water;  soluble  in  160  pts.  of  alcohol  of  80  per  cent. ;  less 
soluble  in  stronger  alcohol,  quite  insoluble  in  ether.  (Baiilli  at^  Traiti  sur  lea  Vint 
de  la  France.) 

FO'WnSR*    See  Gunpowdbb. 

VCWASB  OV  AZ4IAJtOTH.    Precipitated  oxychloride  of  antimony  (i.  827). 

3a  2 
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rA«  fogeoUma.  Pugtclana, — ^A  Tolcanie  product  oocoiring  near 
Posmoli  between  Rome  and  Naples;  also  in  other  oonntries  in  the  neighboniiiood  of 
extinct  rolcanoes,  in  the  Anrersne  district  for  example.  It  is  a  grey  or  yellowish- 
brown  mass,  having  a  flne-grained  or  earthy  fracture,  and  forms  one  of  the  beat 
materials  for  mixing  with  lime  for  the  preparation  of  hydraulic  mortar,  for  which  pur- 
pose it  was  used  by  the  Romans.  The  Italian  poaacuoUna  contains,  according  to  Ber- 
thier,  44*5  p«>r  cent,  silica,  15*0  alumina,  8*8  lime,  4*7  magnesia,  12*0  ferric  oxide, 
1*4  potash,  4*1  soda  and  9*5  water. 

A  leek-green  yariety  of  masatre  quarts. 

tA&T.  When  dry  roeeo-cobaltie  sulphate  (i.  1053)  is  alowly  heated 
to  the  melting  point  of  lead,  till  it  acquires  a  purple-lilac  colour,  the  residue  then 
dissolred  in  hot  water,  and  the  purple-red  solution  mixed  with  excess  of  hydrochloric 
acid,  an  orange-coloured  precipitate  is  formed  containing  luteo-cobaltie  sulphate  and 
chloride,  while  the  supernatant  liquid  contains  luteo-oobaltio  and  pnrpureo-eobaltio 
chlorides,  together  with  a  leek-green  crystallisable  aalt^  the  base  of  iniich,  not  yei 
examined,  is  designated  by  Oibbs  and  Genth  (Jahzetb.  1867,  p.  2d7X  <ui  praseo- 
eobalt. 

WWLMMMQVnWL    A  hydrous  dichroTte  from  Brikke  in  Norway  (ii  821). 

WtLMLMXMm  A  cupric  phosphate  from  Libethen  in  Hungaiy,  chemically  identical 
with  phosphoohaldte  (p.  661).  (Church,  CheoL  News.  x.  217;  Jahreeb.  1864, 
p.  862.) 

WWLAMOCMMiOltMMm  A  dull  green  incrustation  consisting  of  calcic  carbonate 
coloured  by  chromic  oxide,  formed  on  the  island  of  Soyio  by  the  alteration  of  chromic 
iron.    (Landerer,  Da$uC$  Mineralogy,  p.  601.) 

VSBOIFSTATB.  This  term  is  applied  to  auT  solid  matter  separated  frtmi  a 
state  of  solution  by  the  action  of  heat,  light,  or  chemical  reagents,  in  contradistinction 
to  a  deposit  or  sediment,  which  consists  of  solid  matter  merely  suspended  in  a 
liquid,  and  settling  down  when  left  at  rest  For  the  methods  of  collecting  and  waahing 
precipitates,  see  DiCikirT^TiOH  (ii.  308),  and  FiLTBATioir  (ii.  648). 

WMMOTBTTAXM^  WHITB.  A  pharmaceutical  name  of  certain  ammoniacal 
chlorides  of  mercury ;  chloride  of  mercununmonium,  Hg'^'N'Cl*,  being  called  fusible 

white  precipitate,  and  chloride  of  dimeteurammonium,  dg'H^N'Cl',  infusible 
white  precipitate  (iii.  916). 

XBH*    Red  oxide  of  mercury. 

A  kind  of  bitter  spar  mixed  with  brueite  from  PredaxK)  in  the 
Southern  TyrdL  Hardness  «  6.  Spedfle  grayity  ^  2*684.  Aoooiding  to  J.  Both 
(J.  pr.  Chom.  UL  846),  it  contains : 

CO>.  CaO.  MfO.         FeO*.  APO*.  8IO*.  H*0. 

o.  27*46        38*63        23*27  2*88        3*28        10*26     ■*     100*68 

6.  83*36        46*67         14*64  0*48  6*96     -     102 

a  may  be  represented  by  the  formula  Ca'CO*.H£fH*0* ;  6,  by  2Ca''C0MllIg'HK>* 
(Dana,ii.  467.) 

-  yQ»ATl'A'i'a>  A  green,  fine-scaly  micaceous  mineral  from  Pregretten  in 
the  PusterthaL  Specific  grayity  »  2*896.  Hardness  -m  3.  Contains,  according  to 
Oellacher  (Jahresb.  1862,  p.  747),  44*66  percent  SiOf,  40*41  AlK)*,  1*71  K*0,  7*06 
Na*0,  0*84  FeO,  0*62  CaO,  0*37  MgO,  010  CrK)*  and  6*04  water,  whence  Oellacher 

deduces  the  formula  2  |^^  |  8iO*.3(2Al*0>.3SiO'),  regarding  the  other  oonsHtu- 

ents  as  adventitious.  Kennoott,  on  the  other  hand,  regards  the  water  as  essential. 
According  to  Rammelsbeig,  toe  mineral  is  probably  identical  with  the  paragonite 
of  St  Oothard,  which  contains  46*81  ner  cent  SiO*,  4006  Al'O*,  with  a  trace  of  ferric 
oxide^  0-66  MgO,  1*26  CaO,  0*40  Na*0,  with  a  trace  of  potash,  and  4*82  water. 

VmMBMrsm.  Koupholite,  Edelite.  Chiltonite.—lL  hydrated  silicate  of  alumi- 
nium and  caldum,  occurring  in  trimetric  crystals,  baring  the  axes  a:h:e  =  0  66963 
:  1  :  1*19036.  Angle  oo P  :  ooP  =  96°  66' ;  oP  :  Poo  »  146<»  11  J'.  Ordinary  combi- 
nation ooP  .  ooPoo  .  ooFoo  .  ePoo  .  oP ;  also  with  6P,  2P,  JPoo  and  jPoo .  Cleavage 
basal,  distinct  The  mineral  occurs  also  reniform,  globular,  and  stalactitic,  with  a  crys* 
talline  surface,  imperfectly  columnar  or  lamellar  structure,  and  strongly  coherent ;  also 
compact  granular  or  impalpable.  Hardness  ts  6  to  6*6.  Specific  gravity  »  2*8  to 
2'953.  Lustre  vitreous,  pearly  on  the  basal  faces.  Colour  light-green,  passing  into 
whits  and  grey,  often  fading  on  exposure ;  streak  unooloured.      Subttanspaient  to 
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subtraiiBlacent.  Fracture  uneven.  Somewhat  brittle.  Fjrvoelectric.  It  gives  off 
water  when  heated  and  melts  before  the  blowpipe  to  a  white  or  yellowish  glass. 
Many  varieties  (konpholite)  blacken  when  heated,  and  give  off  an  emprrenmatic  (dour, 
but  ultimately  bum  whit*".  It  is  slowly  attacked  by  hydrochloric  acid,  but  gelatinises 
easily  therewith  if  previously  isnited  or  fused. 

Analyses.— a.  From  South  Africa  (Klaproth,  Bammslsber^s  Mineraichemie^  p. 
782).—%.  From  Mont  Blanc:  KouphoHte  (Walmstedt^  Beiz.  Jahresb.  v.  217). — 
e.  Bouig  d'Oisans  in  Dauphiny  (Begnault,  Ann.  Min.r8]  xiv.  164). — d.  Dumbarton 
near  Glasgow  (Walmstedt). — e,  Edelfors  in  Sm&lana:  Edelite  (Walmstedt).-^ 
/.  Badautbal  in  the  Harz ;  in  gabbro  (Amelun^,  Pogg.  Ann.  lxviii.'5I2).-^.  Rio  des 
I  los  Cipreses,  Chile  (Domeyko,  Ann.  Min.  [4]  ul  3).^-^  Niederkirchen,  in  Rhenish 
Bavaria:  in  the  form  of  analcime  (G.  Leonhard,  Fosg.  Ann.  liy.  479). — c.  From  the 
same  losality,  in  the  form  of  laumontite  (Blum^s  LeotXardite)  (Leonhard): 
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4-44 

4'18 

4-48 

4-13 

5-8 

6-00 

6-60 

97-08      100*14      100-46       90  71      100  06     109-40     lOOi      100*68      100-84 

These  analyses,  neglecting  the  first,  agree  nearly  with  the  formula  2(Ca"O.SiO*). 
Al*0*.SiO*.HK),  which  requires  44-28  per  cent  silica,  24*60  alumina,  26*82  lime  and 
4*30  water. 

Frehnite  occurs  in  granite,  gneiss,  and  trap-rock,  specially  in  the  last.  It  was 
first  found  at  the  Cape  of  Good  Hope  by  Colonel  Prekn.  Handsome  polished  skbs  of 
it  have  beeo  cut  from  masses  imported  from  China.  It  sometimes  occurs  altered  to 
green  earth  and  felspar.     (Dana,  ii.  314.) 

VABBVZTOIS.  A  mineral  externally  resembling  prehnite,  occurring  in  the 
hornblende  rock  between  Kingvberg  and  the  Solberg  in  Sweden.  It  melts  before  the 
blowpipe  to  a  white  enamel,  and  is  easily  attacked  by  acids.  Contains,  according  to 
Blomstrand  (J.  pr.  Chem.  Ixvi.  157),  56*00  per  cent  silica,  22*45  alumina,  101 
ferrous  oxide,  0*18  manganous  oxide,  7*79  lime,  036  magnesia,  10*07 soda.  0*46  potash 
and  104  water  (-  99*36). 

VMBIir&A.  The  ash  of  the  several  parts  of  Primula  farmosOj  gathered  near 
Ansbach  in  the  summer  of  1858,  has  been  analysedunder  Witts tein's  directions 
(Ann.  Ch.  Pharm.  cviii.  208),  with  the  following  results : 


Ash  per  cent  in  the  substance  > 
dried  at  100°.        .        .         ( 


Composition  of  the  ash:—- 
Potash    .... 
Soda       .... 
Lime       .         .         .         • 
Magnesia  . 

Alumina 
Ferric  oxide     . 
Manganoeo-manganic  oxide 
Chlorine .... 
Sulphuric  anhydride 
Phosphoric 
Silicic 
Carbonic 
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•    . 

0-20 

5-29 

7*99 

5*46 

2*77 

8*41 

598 

10-79 

8*64 

16*51 

1709 

16000 

10000  . 

The  composition  of  the  ash  of  the  entire  plant  wascalcnlated  from  that  of  the  several 
parts. 


Primula  verts 


nr.    A  crystallisable  substance  obtained  froa  the  root  of  the  cowslip 
.    (Hiinefoldt,  J.  pr.  Chem.  vii  58.) 
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An  afloj  of  ooppcr  and  sine  (IL  47). 

Undor  tlus  hmd  ve  dmU  tfwt  of  eertaia 
Biodf  of  printing  depending  ottchwBiod  •ctioii,  nsBelylitliogzi^liienadiiDeogEnpliie 
printing. 

StOMgraytir  (froB  ^^ffto  nd  tH^mt)  is  the  art  of  diawiQg  on  stone;  end  Hth»- 
giapbie  printing  is  the  tnkingof  imprfniw  from  such  dnwiqg.  lie  inrentioii  is  due 
to  Alois  Sennefelder,  vho  vas  bom  amragne  in  1773,  bat  practised  his  art  chiellj 
in  JtnnifdL 

The  stone  need  in  lithogiul>7  >■  *  fine-|^BiMd  limestone  eontaining  about  97  per 
eat.  of  edcic  eaibonate,  vith  small  qoantities  of  saEea,  alnnina»  and  oodde  of  ma. 
These  stones  sxe  found  in  eonsidefable  qnantity  along  the  banks  of  the  Bannbe,  m 


J^tpp^nheim ;  the  best  qualities  an  pwieuied  from  theq^nany  of  Solenhoim.    ^hej 


ssmble  in  their  aspect  the  jeUowiah*white  lias  of  Bath;  thrr  should  be  free  from , 

fifansand  spots,  hard  enooj^  to  be  seratehed  onlj  with  dimeoltj  bj  a  steel  pointy  and 
splintecs  breaking  frtHn  them  should  exhibit  a  conehoidal  fracture.  To  renoer  a  stone 
fit  to  reeriTe  a  dnwin^  its  sarfrce  is  ground  with  fine  sifted  sand  and  water. 

The  drawing  is  made  with  a  crajon  called  Htkoffrapkie  ekaUs,  compoeedof  soap^  wax, 
and  tallow,  wiUi  a  qnantitj  of  lamp-black  sofiiacnt  to  giro  it  a  dark  tint.  Now  iHien 
traces  are  made  on  the  stone  with  this  soapjcompoand,  a  doable  decomposition  appears 
to  take  idace  between  the  oleate  and  steante  of  aodinm  in  the  soap  and  the  carbonate  of 
<i»lminn,  resalting  in  the  formation  of  oleate  and  stesrate  of  calcinm  and  <'^*^w>nitft  of 
aodinm.  The  frtlj  calrinm-salts  thns  prodneed  aro  inaolnble  not  oolj  in  water,  bait 
fikewisii  in  oils,  both  fixed  and  rolatile. 

The  drawinff  being  completed,  the  stone  is  prepared  for  printiag  bj  a  proceas  called 
«  etdiiog,"  which  consistB  in  floating  a  mixture  of  gum-arabic  and  dilute  nitric  acal 
upon  it,  wherebr  the  portions  of  the  surface  untouched  bj  the  grease  become  corei^ 
with  an  insoluble  compound  of  gum  and  lima.  The  action  in  this  part  of  the  ptucess 
is  somewhat  oboenr^  but  it  is  probable  that  the  nitric  acid  dissolTes  the  supeificial 
particles  of  the  stone^  and  therraulting  solution  forms  with  the  gum  an  insohibTe  gum- 
mate  or  metagummate  of  calcium  (ii  954).  One  thing  is  certain,  that  the  gum  becomes 
fizmlj  fixed  on  the  stone,  and  cannot  beremored  eren  by  repeated  waehine  with  water. 
The  nitric  add  also  arts  upon  the  chalk  by  layiqg  hold  of  the  alkali,  and  setting  the 
fiitty  acids  free. 

The  stone  thus  prepared  is  next  washed  with  water,  to  dtssolfu  off  the  excess  of 
gum  and  the  nitrates  of  sodium  and  calcium,  and  aftarwaids  with  oil  of  tnpentine. 


which  remoTcs  the  exiopss  of  grRsse  from  the  drawing  and  rendecs  it  neailj 
The  fatty  calcium-salts  formea  by  the  action  of  the  soap  on  the  carbonate  of  calcium, 
are  howeyer  insoluble  in  the  turpentine  snd  remain  untouched ;  and  on  subsequently 
wetting  the  surfoce  of  the  stone  with  water,  and  passing  oyer  it  a  roller  eoTcced 
with  printing  ink,  composed  of  linseed  oQ  and  lamp-Uack  (iii.  273),  the  ink  adherea 
to  those  parts  of  the  surfkoe  where  these  fotty  silts  are  ntuated,  wnik  the  remainii^ 
portion,  which  has  been  arted  on  by  the  ^jum,  does  not  take  up  the  |nnnt(ng  in^,  be- 
cause the  fatty  adds  of  the  linaeed  oil  sre  mc^iable  of  decomposing  the  compound  of 
Ume  and  gum  with  which  those  portions  are  coTered,  and  mechanical  adherion  is  pro- 
Tcnted  b^  the  film  of  water  on  the  suifoce.  The  drawing  ia  thua  bsougfat  to  light  again 
with  all  its  original  dislinetnesB,  and  impresrions  of  it  may  then  be  taken  off  on  paper 
by  passing  the  stone  under  a  press. 

This  riew  of  the  lithopaphic  pvocess  wprasents  it  as  depending  sUosether  on  a  seri<« 
of  chemical  actions.  It  m,  howeTsr,  more  commonly  sopposed  that  the  mtty  matter  of  the 
Utiiographic  chalk  sinqdy  adheres  to,  or  is  psrtly  absorbed  by,  the  porous  surfoce  of  the 
limestone ;  that  the  pots  thus  penetrated  readily  take  up  the  printing  ink ;  and  that  the 
adhesion  of  the  ink  to  the  other  portions  of  the  soifaoe  isprersptsd  by  the  interporition  of 
afilm  of  water.  Butif  this  explanation  ware  eoirect,  a  plate  of  alabaster,  or  ssndrtone, 
or  wnons  earthenware,  or  any  other  stone  eapjable  of  reeeiTingasranidir  surfoce,  on^tt 
to  be  sTuilablA  for  lithooaphy  as  weU  as  limestone,  whereas  it  is  well  known  that 
carbonate  of  calcium  is  the  only  kind  of  stone  that  will  answer  tiie  puipoee :  moreorer, 
the  i"i*^t»*«i^l  theory  of  lithography  takes  no  sooount  of  the  fw^^ar  netion  of  the 
gum,  which  appears  to  be  an  essential  feature  of  the  proceas. 

Any  kind  of  fine-grained  limestone  may  be  used  for  lithography ;  marble  will  yield 
impressions  when  treated  as  above;  but  its  crystalline  strurture  prerents  it  from 
taking  the  proper  grain.  The  preference  giyen  to  the  stones  of  Solenhofen  and 
the  neighbourinff  kttalities  is  owm^  to  the  doseness  of  their  texture  and  to  their 
occurrence  in  sUbs  of  every  required  thickness  parted  br  regular  seams,  which 
renders  the  quaoying  coo^aratively  easy :  stones  requiring  to  be  sawn  into  slabe  would 
be  too  expeodve. 
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We  now  proceed  to  gire  a  short  acoovnt  of  the  Tarions  methods  of  writing  or  draw- 
ing npon  stone  intended  to  print  from. 

Chalk  drawings  are  executed  on  a  stone  to  which  a  granular  soi&oe  has  been 
given  with  a  solid  pencil  (lithographic  chalk),  the  actiTe  part  of  which  consists,  as 
already  mentioned,  of  grease,  or  oleic  and  stearic  acids.  This  chalk  can  be  modified  firom 
hard  to  soft  in  different  degrees,  to  allow  of  its  being  cnt  to  a  fine  point,  or  in  the 
softer  state,  to  be  used  with  doth  or  leather  stamps;  it  maj  also  be  dissolTcdin  spirits 
of  toipentine  or  alcohol,  and  applied  to  the  sU»e  with  a  brash. 

Litnographie  ink  is  but  a  modification  <rf  the^halk,  made  to  flow  more  easilj 
when  dissolred  in  water,  being  intended  to  be  used  with  fiioie  steel  pens  or  fine  sable 
brushes,  that  will  draw  a  hair  line.  In  a  pen  and  ink  dnwing  these  lines  must  be  solid, 
that  is  drawn  with  the  ink  in  its  fnllest  density  oonsistent  with  finely  flowing  from 
the  pen;  the  same  with  the  fine  brash.  The  ink  can  also  be  dissolved  in  different 
degrees  of  density  to  produce  with  larger  brushes^  lighter  or  darker  washes  or  tints. 

The  solid  chalk  or  liquid  ink  may  also  b«^  passed  over  the  whole  surfiue  of  a  stone, 
so  as  to  render  every  part  attractive  for  printing  ink,  and  the  drawing  is  then  worked 
out  from  the  black  by  removing  the  chalk  or  ink  with  a  shaxp  point  that  will  make 
white  lines  (exposing  the  stone),  or  with  a  fiat  serapar,  which  on  a  grained  sDriiaoe  will 
produce  a  gradation  of  tints. 

Engraving  <m  stone. — ^The  stone  when  polished  is  first  rendered  non-attractive  for 
f^rease,  by  preparing  the  sur£EU>e  with  a  solution  of  gum  and  nitric  acid,  and  when  it 
IS  dry,  the  lines  are  cat  through  this  preparation  with  a  sharp  needle  or  diamond 
pointy  whereby  the  natural  stone  is  exposed ;  oil  or  other  fat  is  then  made  to  enter  the 
cut^  rendering  the  line  attractive  for  the  printing  ink,  whereas  it  can  be  wiped  off  from 
the  rest  of  the  surface.  The  stone  can  also  be  drawn  upon  with  a  solution  of  gum  and 
acid,  to  which  some  colouring  matter  has  been  added,  to  enable  the  draughtsman  to 
judge  of  the  effect  When  the  drawing  is  dry,  liquid  ink  or  chalk  is  passed  over  it^ 
which  will  render  the  parts  of  the  surrace  not  covered  by  the  gum  attractive  for  the 
printing  ink. 

These  examples  will^  show  in  how  many  different  ways  fiitty  matter  and  gum  can 
be  made  to  combine  with  the  lime  of  the  stone,  and  how  the  lithographic  process  can 
be  Taried.  It  is  to  these  peculiar  advantaees  that  Sennefelder's  invention  owes  its 
wide-spread  application,  both  for  commerciu  purposes  and  as  one  of  the  handmaids 
of  the  fine  arts. 

Comporition  of  lAthograpkie  Chalk. 

82  parts  of  Beeswax. 

4      „       Tallow  (purified). 
24      „       Soap. 

1      „       Nitrate  of  potassiiim,  dissolved  in 

8      „       Water. 

6      „       Lamp-black. 

CotJ^patition  of  lAthogrophie  Ink  : 
for  Pens.  for  Bnuk. 


92  parts  of  Beeswax. 
18      „        Tallow  (purified). 
16      „       Soap  (Marseilles). 
82      „       Shellac 

4      n       Carbonate  of    sodium,*    dis- 
solved in 

8      „       Water. 

6      „       Lamp-blade 


16  parts  of  Beeswax. 

16      „       Tallow  (purified). 

16      „       Soap. 

16      „       Shellac. 

4       „        Mastic. 

4      „       Carbonate    of     sodium,  dis- 
solved in 

8      „       Water. 

6      „       Lamp-black. 

Permanent  Liquid  Ink  for  AtUogrt^Ue  writing:  6  pts.  of  soap,  8  mastic,  10  shellac, 
1  rosin,  1  lamp-black,  3  carbonate  of  sodium  (rendered  caustic  and  dissolved  in  4  pts.. 
water).  Dissolve  the  whole  in  16  pts.  water,  adding  more  water  if  necessary  to  make 
the  ink  flow  easily.  Autographic  drawing  or  writing  is  executed  on  a  prepared  paper 
and  then  transferred  to  the  stone. 

CbroiiiolttlioffrAplijr.  Drawing  and  printing  in  colours  from  stone.  In  this  ap- 
plication of  the  art,  the  plates  of  limestone  offer  peculiar  advantages,  especially  for  the 
reproduction  of  the  painter's  work,  as  the  Tarious  modes  in  which  the  drawing  mate- 
rials, as  chalk,  ink,  gum,  &c.,  can  be  applied  to  the  surface  of  the  stone  enable  the 
lithographer  to  approach  very  closely  the  e£&ct  and  handling  of  a  painting  in  oil  or 
water  ocuoor. 

*  Or  better,  the  fame  quantity  converted  into  caustic  soda. 
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For  the  prodnetion  of  s  duomolithograph,  »  aaeMMion  of  imnreinoiiiB  k  applied 
to  a  sheet  oi  pUte-paper  ftom  a  number  of  etonee  on  which  are  drawn  in  analrsia,  as 
nearij  aa  poenble,  the  Tariooa  oolonn  and  tonet  of  the  original  of  which  the  duomo- 
lithograph  ia  intended  to  be  a  oopj.  One  of  the  great  diflcolties  of  the  proceas  ia 
that  nearly  erefything  haa  to  be  drawn  with  the  ordinaiy  aaponaoeons  black  dialk 
and  ink. 

To  copy  a  pietua  or  drawing,  and  to  make  all  the  different  eoloora  eonreepond,  a 
earefvl  tzaeing  ia  made  with  lithographic  ink  npon  timnaparent  transfer  paper,  or  npon 
a  sheetof  gelatin ;  thia  tzaeing  ia  tiandezred  to  a  atone  called  the  "  keystone,"  andfinnn 
this  stone  impmasioaa  asa  tSk&i  which  are  set  off  in  the  press  on  as  many  stones  aa 
will  be  reonind,  the  aa«ber  Tarying  aooordiag  to  the  subject,  twenty  and  even  thirty 
being  foond  aometimes  neeaasaiy  to  raoduoe  the  proper  efrecL  The  printing  in  ooloura 
ia  effected  in  the  same  manner,  and  depends  on  the  same  principles^  as  the  production 
of  a  blade  Uthogrsph,  the  Taxions  pigments  being  ground  up  with  thickened  linseed 
oil,  and  the  resultiBg  oil-«olour  sprMd  CTenly  upon  the  leathern  rollers  with  which 
the  drawing  vpon  the  stone  has  to  be  charged.  To  secure  an  exact  adjustment  of  all 
the  oolours,  the  stone  to  i«int  from  and  the  sheet  of  paper  to  print  upon,  are  accurately 
and  seenrely  fixed  into  a  lagistering  frame  which  forms  part  of  the  press. 

Siaoofrapb^.  Fatty  substances  act  upon  sine  and  other  easily  ozidaUe  metals 
much  in  the  same  manner  as  upon  limestone,  forming  salts  which  are  inscduble  in 
water.  A  drawing  may  be  made  on  a  sine  plate  with  the  same  ehalk  or  ink  that  is 
used  for  dra^ring  on  stone,  and  the  Rnaaining  parts  of  the  surlhce  may  be  rendered 
non-attractive  for  printing  ink  in  a  similsr  manner,  excepting  that  the  solution  of  nitric 
acid  and  gum  usea  for  the  purpose  must  be  mixed  with  a  concentrated  decoction  of 
nutgaUs.  When  the  plate  nas  been  eerered  for  a  short  time  with  this  sedation,  the 
parts  not  constituting  oie  drawing  lose  their  metallic  luatre  and  assume  a  brown  tint^ 
and  in  thsi;  state  are  incapable  of  taking  up  printing  ink.  The  mode  of  printing  ia  the 
same  as  ftoim.  stone. 

Other  metals  ^re  similar  results  with  more  or  leM  distinetaeas ;  but  none  are 
found  to  be  ao  well  adapted  for  chemical  printing  as  the  stone  plates  of  Solenhofen. 


G«H*KO'  »  MeOudanine,  Cm^CEFfSO*  -  Am»do6u^rie 

add,  OH'(im*)0>  -  OUyfttftyromM  acid,  (OH^O^Vq.    (R.  Schneider,  Ann.  Ch. 

Pharm.  SuppL  ii  70;  Jahresb,  1861,  p.  469.) — ^A  compound  produced  bj  heating  bro- 
mobutyric  acid  with  aqueous  ammonia.  It  crystallises  from  alcohobc  solution  in 
stellate  or  furcate  groups  of  small  laminse  and  needles,  which  when  dry,  yield  a  dassling 
white  satiny  powder,  unctuous  to  the  touch.  It  is  inodorous,  has  a  sweet  taste,  and  is 
neutral  to  Tegetable  colours.  It  dissolves  in  about  8*5  pU.  water  of  medium  tempera- 
ture, is  Texy  slightly  soluble  in  cold  alcohol,  and  requires  l>60  pts.  eren  of  boiling  alco- 
hol to  dissolve  it ;  quite  insoluble  in  ether.  I^  is  not  decomposed  by  cold  aqueous 
potash,  but  gives  pff  ammonia  abundantly  when  fused  with  nydrate  of  potassium. 
When  cautiously  heated  in  a  tube,  it  melts  and  sublimes  partljr  undecomposed ;  but 
when  quickly  and  strongly  heated,  it  turns  brown  and  carbonises,  emitting  vapours 
wbidi  have  an  aSiaeeous  oaour  and  alkaline  reaction. 

Propidanine,  like  its  homolceuee,  unites  both  with  adds  and  with  bases.  The  hydro" 
ehloraU,  C^H'NO'.HCly  eryatalfisesin  tufts  of  Terjr  soluble,  pointed  needles ;  the  mtraU, 
C^H*KO*.HNO',  in  fem-lOce  groups  of  silky  naedles,  easily  soluble  in  water  and  alcohol, 
and  having  an  add  reaction.  A  solution  of  2  at.  propalanine  in  1  at.  sulphuric  acid 
dries  up  to  a  viscid  mass;  but  with  twice  that  proportion  of  add,  the  netUral  tulpkaU, 
(C^H'NO*)*.H'SO\  is  obtained  in  coloorless,  easily  soluble,  concentrically  grouped 
needles.— A  kad-eompound,  (7H**Pb'^K)«.H'Fb'0',  is  obtained  as  a  white,  czystalline, 
sparingly  soluble  powder,  by  prolonged  boilinff  of  aqueops  pjopalanine  with  lead-oxide. 
— ^The  gilver-compoundf  C^H'AffNO',  obtained  in  like  manner,  crystallises  on  evapora- 
tion over  oiji  of  vitriol  in  smul  crystals  which  are  quickly  blackened  by  lights  and 
4,eoopipo86  at  100^, 

Schneider  thinks  it  probable  that  propalanine  may  occur  in  the  animal  oiganlam 
associated  with  leucine, 

WWOWAMaTV^O  VWKBMm  (X<iebermannj  Zdtschr.  Ch.  Pharm.  1864,  p. 
746.) — ^When  tribromide  of  ^yl  is  d]geste4  for  some  time  with  alcoholic  potash,  the 
alcohol  distilled  therefrom  yi^ds  wUh  ammoniacal  silver-nitrate  a  white  predpitate,  con- 
taining /m«  {  0,  and  regarded  by  Liebermann  as  the  silver-salt  of  an  ether  to  which 
he  gives  the  abore  pame.    The  silver-compound  treated  with  a  solution  of  iodine  in 
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iodide  of  poUuwium,  yields  an  iodatad  oil,  Qi^»  >  O,  from  which,  by  addition  of  iodine 

and  of  bromine,  the  oompoanda,   q^«  |0,  and    q.j^«     vO,  maybe  obtained.     The 
coiresponding  methyl-compottnda  are  formed  in  like  manner. 

WtWMjrA'l  ■-1l»affr«  A  resin  obtained  from  Cfuoumis  PrvpkOarwiL  (See 
CucuMia,  ii.  172.) 

»BO»ZOVAMl]>B.  0*H^0  -  ^^*^|N.--Frodnoed  by  the  action  of  am- 
monia on  propionate  of  ethyL  It  is  decomposed  by  heating  with  |K>tas8iam,  yielding 
cyanide  of  potuNdnm,  hydrogen,  and  carbnretted  hydrogen.  By  distillation  with  phos- 
^orie  anhydride,  it  is  conyerted  into  cyanide  of  ethyl  or  propionitrile,  CH*N  «■ 
G'H'NO  <-  H'O.    (Dnmas,  Malagnti  and  Leblanc,  Compt  rend.  zzr.  657.) 

Hyd'^oektoraie  of  Propionaimide^  t?iI*NO.HCl,  is  obtained,  together  with  otiier  pro- 
ducts, by  the  action  of  moist  chlorine  on  propionitrile  ^p.  786).  It  forms  colouness 
crystals  soluble  in  water  and  in  alcohol,  insoluble  in  anJiy<bous  ether.  When  heated 
on  platinum-foil,  it  Tolatilises,  giving  off  irritating  Tapours.  With  platinic  chloride,  it 
yields  chloroplatinate  of  ammonium.    (R.  Otto,  Bull.  Soc  Chim.  1866,  L  294.) 

Diehloropropionamidet  CHHTl'NO. — ^IVoduced,  together  with  dichloropropio- 
nitrile,  by  the  action  of  dry  chlorine  on  propionitrile  On  subjecting  the  resulting 
liouid  to  the  action  of  a  freerang  mixture,  the  dichloropropionamide  separates  in  crys- 
tals which  may  be  purified  by  pressure  between  bibulous  paper,  ciystallisation  fii>m 
absolute  alcohol,  and  sublimation.  It  then  forms  light  nacreous  scales,  soluble  in  water, 
alcohol  and  ether,  melting  at  110*6°  and  solidifying  at  86°.  Its  aqueous  solution  does 
not  precipitate  silver-nitrate.  It  dissolTCS  without  decomposition  in  ammonia  and  in 
hydrochloric  acid ;  but  on  adding  platinic  chloride  to  its  solution  in  absolute  alcohol 
acidulated  with  hydrochloric  acid,  a  precipitate  of  chloroplatinate  of  ammonium  is 
formed,  containing  the  whole  of  the  nitrogen  of  the  compound,  and  the  filtered  liquid, 
which  has  an  odour  of  mint,  deposits  oily  drops  which  solidify  to  crystals. 

When  dichloroproponandde  is  boiled  in  water  with  msrcuric  oxide,  the  latter 
dissolres,  and  the  liquid  on  cooling  deposits  the  compound  20*HHJl*N0.Hg''0,  in 
uodales  of  hard  white  needles,  soluUe  in  boiling  water  and  alcohol,  nearly  insoluble 
in  ether,  melting  between  100°  and  110°.  (Otto^  B^p.  Chim.  pure,  iil  267 ;  Bull 
Soc  Chim.  1866,  i.  293.) 

noPIOJn.     C*H'*0  -  ^^^1  or^!|cO.— DiseoyeredbyFremyinl836, 

and  called  by  him  MetOiCetone,    It  is  sometimes  called  ethyl-propionyl,  being  the 
ketone  of  propionic  acid.    It  is  formed,  together  with  ouier  products,  when  suoar, 
starch,  gum  or  mannite  is  distilled  with  excess  of  Ume ;  also  in  the  destmctiTe  distula- 
tion  of  lactate  of  calcium. 
The  following  methods  of  obtaining  it  are  more  precise : — 

1.  Destructive  distillation  of  certain  propionates^  e.  g,,  propionate  of  barium 
(Morley): 

2(C0^)|0.    .    co,[o.  ,  co.^[ 

Propionate  of  CarboDate  of  Proplooe. 

barium.  barlun. 

2.  Action  of  line-ethyl  on  chloride  of  propionyl  (Fr  ennd  and  Pebal) : 

Zn^CCH*)*   ♦  2C«H»0a     -     Zn'OT  +  2(C^»0.C^»). 

3.  Action  of  carbonic  oxide  on  sodium-ethyl  (Wankly  n) : 

CO  +  2NaC«H»     -    Ka«  +  CO(C«H»)«. 

Fropione  is  a  oolouriess  mobile  liquid,  lighter  than  water  and  non-miseible  with 
water,  but  freely  soluble  in  alc(^l  and  ether.  Its  smell  resembles  that  of  .acetone. 
Boiling  point  101°.  It  differs  from  numy  members  of  the  ketone  family  in  not  being 
capable  of  fonning  a  oompound  with  acid  solphite  of  sodium. 

According  to  Morley,  boiling  nitric  acid  couTerts  it  into  propionic  add,  there  being 
neither  nitropvopionic  acid  nor  acetic  acid  prodaced.  According  to  Chancel,  nitropro- 
pionic  acid  is  formed  by  the  action  of  nitnc  acid.  Sulphuric  add  and  dichromate  of 
potassium  oxidise  it  to  propionic,  acetic  and  carbonic  acids  (Gottlieb).  It  is  hardly 
attadced  when  dropped  on  potash  in  a  state  of  fusion,  there  being|  traces  only  of  propio- 
nate of  potassium  formed  (G-ottlieb).  Fropione  is  isomeric  with  valera^  but  differs 
from  it  m  its  reactions.  Unlike  Taleial,  it  giTes  no  compound  with  alkaline  sulphites 
and  no  yalerianie  acid  when  oxidised.  J.  A.  w. 

nUinOXriC  AOm*     MeUtctionic  add,  Eikyl-/crmio  acid,  C*H*0'.— The  third 
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of  the  Citty  ieri6%  disooTCMd  hj  OottUeb  in  1844  amoi^;  the  pfodneto  of  tha 
action  of  caiutie  poUsh  on  tngar. 

Tliis  add  ia  of  little  importance  aa  a  natural  product  It  is  contained  in  cnide 
oil  of  amber,  also  in  coooa-nnt  milk  after  it  baa  tuned  sonr,  and  in  the  diatilhite  ficom 
aome  of  the  winea  of  the  Bergatraaae  (Gm.  ix.  p.  402).  Biehftnsp  (Oompt  nnd. 
Ut.  1148)  haa  Ibvmd  it  in«poUt  wine,  together  with  acetic  and  lactic  acid. 

1.  It  ia  of  interest  aa  being  the  firrt  oiganie  acid,  or  indeed  organic  compound, 
obtained  directly  from  carbonic  anhydride.  Carbonic  anhydride  and  aodium-ethyl  giT<a 
propionate  ot  aodium  (Wanklyn,  1868): 


C0«  +  NaCW    -     ^iS^I^- 


H« 

fH* 

fH* 

(HOJ 
l(HO) 

C« 

0" 

CI 

C« 

cr 

H 

I  (HO) 

HO 

2.  It  stands  in  intimate  relation  to  laetie  acid,  being  related  to  that  add  in  tho 
aame  manner  as  acetic  add  to  glyeollic  add.  In  order  to  render  the  connection 
between  these  compounds  intelligible,  the  following  formdm  are  conreoient:— 

Lactfe  add.  Proploolc  add. 

/H«  rH« 

l(HO)  Iho 

Propionic  acid  thai  ia  lactic  add  in  which  one  atom  of  peroxide  of  hydrogen  has 
been  exchanged  for  one  atom  at  hydrogen.  And  lactic  add  may  be  eonyerted  into 
propionic  add  by  first  repladng  one  atom  of  ita  peroxide  of  hydrogen  by  chlorine,  then 
xvpmdng  thia  ehioiine  by  meana  of  naaoent  hjdiogm  (Ulr i  c  h) : 

lactic  add.  Chloffopn»piooic  add.  FroploDic  add. 

C« 

Bt  using  hydriodic  add,  laetie  add  may  be  at  ones  converted  into  propionie  afCfd. 
(Lautemapn.) 

8.  A  third  general  reaction  for  the  production  of  propionie  add  consists  in  the 
double  deoompodtion  between  cyanide  of  ethyl  (propionitriie)  and  water.  This  trans- 
formation may  be  effiwted  either  by  boiling  tne  i^anide  of  ethyl  with  potash-ley 
(Bum as,  Malaguti  and  Leblane),  or  with  a  mixture  of  1  pt  of  oil  of  vitriol  and 
2  pts.  water  (Frankland  and  Kolbe).  Both  these  reagents  cause  the  cyanide  to 
decompose  water: 

C"H»N  +  2HTO    -    OT9[K).H.O  +  NH». 

When  potash  is  used,  it  reaeta  on  the  propionic  acid  and  the  ammonia  is  free ;  when 
oil  of  Titriol  IB  used,  it  acts  on  the  ammonia  and  the  propionic  add  is  free. 

4.  A  fourth  general  reaction  which  yields  this  acid  is  that  of  Harni  tz-Harnitzky, 
who  exposes  hydride  of  ethyl  and  chloride  of  carbonyl  (phosgene  gas)  to  the  action 
of  sunlight^  and  obtains  chloride  of  propionyl  and  hydrochloric  add : 

C0C1»   +    0«H*    -    ^(§'^*|   +  Ha 

Chloride  of  propionyl  and  water  give  propionie  add. 

6.  A  fifth  general  reaction  is  the  oxidation  of  propionic  aldebydoi  which  thereby 
becomes  propionic  add : 

It  is  worthy  of  remark  that  acetone,  which  is  isomeric  with  propionic  aldehyde,  does 
not  give  propionic  add  on  bein^  oxidised  (Dumas  and  Gottlieb).  Bromacetone, 
however,  is  converted  into  propionic  add  (or  perhaps  isopropiouic  add)  by  oxide  of 
silver  in  presence  of  water : 

2C^*BrO  +  AgK)   +  H«0     -     2AgBr  +  2C^«0«; 

and  acrylic  acid  C*H*0'  is  converted  into  propionic  add  by  simply  taking  up  2  at. 
hydrogen  under  the  influence  of  sodium-amalgam.  (Linnemann,  Ann.  Ch.  Pharm. 
cxxv.  807.) 

The  forc^ing  methods  of  making  propionic  add  are  examples  of  the  five  general 
methods  of  forming  the  acids  of  the  fatty  series.  From  the  circumstance  that  common 
alcohol  is  the  particular  alcohol  of  which  propionic  is  the  derivative,  and  that  so  common 
an  acid  as  lactic  acid  is  the  corresponding  diatomic  acid,  it  comes  to  pass  that  propionic 
acid  is  the  best  add  of  the  series  for  iUustrating  the  employment  of  these  general 
methods. 
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To  the  ibregoing  may  alio  be  added  the  method  suggested  by  K  all e  (Jahneb.  1861, 
p.  369),  tor  oonverdng  the  adda  of  the  oxalic  series  into  acids  of  the  fatty  series, 
namely,  by  distillation  with  hydrate  of  calcinm.  Snecinic  acid  thus  treated  does  in 
£ict  yield  propionic  and,  aooording  to  the  equation  C*H*0*  —  0^*0*  +  CO*;  but 
•the  quantity  obtained  is  very  small,  because  toe  temperatiire  at  which  the  reaction  takes 
place  is  yeiy  near  to  that  at  which  the  propionic  add  suffers  ftirther  deeompositionf 
yielding  first  scetie  add,  and  afterwards  carbonic  anhydride  and  hydrocarbons. 

There  is  also  a  number  of  special  reactions  which  famish  pRx>iomc  add,  but  th^ 
yield  it  mixed  with  some  of  its  nomolpgnea.  When  sugar,  mannite,  starch  or  gum  w 
heated  with  caustic  potash,  there  is  formed  propionate  as  well  as  acetate  of  potassium 
(Gottlieb).  Metacetone,  when  it  is  oxidised  with  chromic  acid,  also  gives  propionic 
and  acetic  adds  (Gholtlieb).  Bedtenbacher  has  observed  that  when  glycerin  is  treated 
with  yeast  and  kept  at  80°  to  40°  Ibr  some  months,  it  yields  propionic  add,  little  or  no 
acetic  acid,  and  traces  of  fonnic  add.  In  this  process  the  tree  add  was  neutralised  from 
time  to  time.  According  to  Dobereiner,  glycerin  siyes  this  add  when  it  is  exposed  to 
the  air  in  contact  with  platinam-black.    Oleic  ada  distilled  with  nitric  add  gives  pro- 

S ionic  add  and  a  great  number  of  its  homologues.  Casdn,  fibrin,  and  vegetable  fibrin 
istilled  irith  peroxide  of  manganese  and  dilute  sulphuric  add,  give  small  quantitiea 
of  propionic  add.  The  putre&etion  of  peas  or  lentils  under  water,  the  dry  distillation 
of  beeswax,  the  oxidation  of  the  more  volatile  distillate  from  rape-oil  by  means  of 
nitric  add,  also  the  oxidation  of  turpentine  by  nitric  add,  give  propionic  add.  The 
volatile  oil  of  asafistida  and  oil  of  mustard  also  yield  this  add  on  oxidation.  When 
dtnte  of  lime  is  fermented  with  decaying  cheese,  or  when  sugar  is  fermented  in  oootaet 
with  cheese  and  chalk,  nropionic  add  is  likewise  formed  (see  Qm.  ix.  408). 

Lastly,  propionic  add  is  formed  by  the  action  of  hydriodic  add  on  pyroraeemic  add 
(Wislicenus,  Ann.  Ch.  Phann.  cxxvi.  226 :  Jahresb.  1868,  p.  874): 

Cm*0*  +  4HI     -     CTa«0«  +  BK>  +   2P. 

Preparation. — 1.  Metacetone,  which  is  prepared  by  the  destructive  distillation  of  a 
mixture  of  sugar  with  lime,  is  allowed  to  run  into  a  large  retortKX>ntaining  dichiomate  of 
potassium  and  dilute  sulphuric  acid.  When  the  effervescence  caused  by  the  formation 
of  carbonic  add  is  over,  the  distillation  is  commenced ;  undecomposed  metacetone  goes 
over  first,  then  the  recdver  should  be  changed,  and  the  acetic  and  propionic  acids 
collected.  The  separation  of  the  acetic  add  is  managed  thus.  The  mixed  adds  are 
neutralised  with  carbonate  of  sodium,  and  evaporated  down  to  crystallise;  whereupon 
the  acetate  of  sodium  crystallises  oat,  leaving  the  propionate  in  solution.  The  pro- 
pionate of  sodium  is  finally  distilled  with  sulphuric  add,  whereupon  propionic  add 
distils  over.    (Gottlieb,  Ann.  Ch.  Pharm.  lii.  121  ei  9eq.), 

A  better  way  of  separating  the  acetic  add  is  by  the  employment  of  liebigfs  plan  of 
fractional  saturation  (i.  260).  The  mixed  acetic  and  propionic  adds  should  be  partly 
saturated  with  potash  and  then  distilled ;  acetate  of  potasnum  then  remains  behind  and 
propionic  add  passes  over. 

2.  It  is,  however,  better  to  employ  a  process  of  preparation  which  does  not  involve 
the  separation  of  homologues.  The  cyanide  process  answers  vevy  well.  Cyanide  of 
ethyl  18  added  by  drops  to  moderately  strong  potash-ley  heated  in  a  tubulated  retort, 
the  distillate  being  repeatedly  poured  back  so  long  as  it  smells  of  cyanide  of  ethyL 
The  residue  in  the  retort  is  then  evaporated  down  to  dryness  and  distilled  with  syrupy 
phosphoric  add  (Duma s).    (See  also  Williamson,  Phil.  Mag.  [4]  vi.  206.) 

3.  Now  that  both  sine-ethyl  and  sodium  are  tolerably  cheap,  the  method  of  acting 
upon  sodium-ethyl  with  carbonic  anhydride  has  become  quite  practicable  as  a  mode  of 
preparation.  The  details  of  the  operation  are  as  follows : — Ten  parts  by  weight  of  pure 
sine-ethyl  and  one  part  of  sodium  are  shaken  up  together ;  sine  then  separates  and 
sodium-ethyl  dissolved  in  sine-ethyl  is  produced.  Mercuxy  is  next  added ;  it  takes  up 
the  finely  divided  dnc,  and  there  result  a  lower  layer  containing  zinc  and  meccuzy,  and 
an  upper  layer  of  clear  liauid  which  is  sodium-ethyl  together  with  xinc-ethyl.  Carbonic 
anhycuide  is  next  passed  into  the  apparatus,  and  combines  with  the  sodium-ethyl; 
and  the  solid  product  of  the  reaction,  after  bein^  treated  with  moist  ether,  and  then  with 
water,  is  finally  evaporated  to  dryness  and  distilled  with  syrupy  phosphoric  add  <a 
sulphuric  add. 

Lautemann's  method  of  decomponng  lactic  add  with  hydriodic  add  is  also  practi- 
cable as  a  mode  of  preparing  propionic  add. 

Properties. — ^Accordmg  to  Dumas,  pure  dry  propionic  add  is  a  solid  at  ordinary  tem- 
peratures. It  boils  at  140^,  and  mixes  with  wativ  in  all  proportions.  Propionic  add 
floats  on  phosphoric  add  or  on  solution  of  chloride  of  caldum.  Bedtenbacher,  who 
obtained  his  add  by  fermenting  glycerin,  maintains  that  pri^ionic  add  ia  not  indefi- 
nitely soluble,  even  in  water,  but  that  when  it  is  mixed  with  a  little  water,  a  portion 
of  the  propionic  acid  separates  and  floats  on  the  aqueous  solution  of  the  acid.    This 
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obMrvation  rcquiret  oonfirmation,  inasmacb  aa  it  is  quite  poanble  that  Redtenbacher^s 
wai  oontained  traoea  of  butyric  acid  or  a  higher  homologae.  The  smell  of  the  aqaeons 
solution  of  propionic  acid  is  very  peculiar.  J.  A.  W. 

FroylOBAtea.  G^'MO*  and  O^'^lfO^— These  salts  are  soluble  in  water  sad 
mostly  crystalUsable ;  according  to  Dumas,  the  alkaline  propionates  are  unctnoos  to 
the  toQch. 

The  ammonium- »alt  is  oouTerted  by  phosphorous  snhydride  into  propionitrile, 
C»H»(NH*)0«  -  2H«0  =  C»H»N.— The  »o<fl*#»tt«-««/<,C«fl»KO«,  forms  white 
pearly  laminse.  The  sodium'talt,  CH'KaO'.HK),  dries  up  to  an  amorphous  mass 
very  soluble  in  water.  An  aoeto-propumate  of  todium,  C^fTaO'.C'H'NaO^IHK),  was 
once  obtained  by  Gottlieb  in  delicate,  ahining,  veiy  soluble  needles. 

PropionaiB  of  Barium,  C*H**Ba''0^  a^stallises  in  monodinic  prisms  exhibiting 
the  combination  odP  .  odPoo  .  oP  .  -f-  Poo  .  ~  Poo .  Angle  oP  :  +  Poo  s  136°  4' ; 
oP :  -  Poo  -  IZ69  82';  ooPoo  :  +  Poo  -  about  133°;  ooPoo  :  -  Poo  -  133°  Sfi*- 
o»P :  ooP  -  97®  SO';  ooPoo  :  ooP  -  131®  16';  +  Poo  :  ooP  =  116®  26';  -Poo  : 
o»P  *  117®  35'.  (ProTO stays,  Gompt.  rend.  zzt.  782^  It  is  very  soluble  in  water, 
and  the  solution  yields,  by  spontaneous  STsporation,  laige  yeiy  regular  crystals  of  a 
prismatic  salt  containing  CH^'Ba^O^JEH),  which  gires  off  its  water  at  100®.  (Wrieht- 
son,  PhU.  Hag.  [4]  vi.  83.)  v        © 

The  ealeium-»alt  crystallises  by  spontaneous  eraporation  in  tufts  of  long  prisms 
containing  C*H'*Ca''OMi'0.  They  retain  their  water  of  crystallisation  even  when 
dried  oyer  oil  of  ritriol,  but  siye  it  off  at  100®  (Wrightson).  Strecker  obtained 
the  anhydrous  salt  in  silky  scales. 

Cupric  propionate,  OH»*Cu*'0*.H*0,  obtained  by  neutralising  the  aquc<yus  acid 
with  carbonate  of  copper,  forms  very  regukr  green  octahedrons,  sometimes  with  cube- 
faces.  It  dissolves  in  water  with  moderate  fiicility,  and  is  easily  obtained  in  crystals 
by  spontaneous  evaporation.  The  ovstals  dried  over  oil  of  vitriol  retain  1  at.  water, 
which  goes  off  at  100®  (Wriffhts on).  According  to  NickUs  (Compt  chim.  1849] 
p.  348),  it  CTTstallises  in  small  oblique  prisms  very  soluble  in  alcohol  but  very  sparingly 
in  water.  Heated  to  100®  in  a  current  of  drv  air,  it  gives  off  its  water,  together  wii 
a  certain  quantihr  of  propionic  acid.  If  from  this  point  the  temperature  be  sud- 
denly raised  to  dull  redness,  the  decomposition  proceeds  rapidly,  with  evolution  of 
combustible  gases  which  catty  away  a  portion  of  the  salt.  The  products  of  this  distil- 
lation are :  an  odoriferous  liquid  composed  of  propionic  acid  and  an  oily  body  insoluble 
in  water ;  carbonic  anhydride  and  a  hydrocarbon ;  and  a  residue  of  metsllic  copper 
and  charcoaL 

Propionate  of  Lead.-^The  solution  of  this  salt,  which  has  a  sweet  taste,  dries 
up  without  yielding  crystals,  to  a  white  mass,  which  when  dried  at  100®  contains  68-4 
per  cent,  oxide  of  lead  (Fran  kl  and  and  Eolbe).  According  to  Strecker,  it  forms 
needles  containing  C«H'*Pb''0«.Pb''0.    This  formula  requires  77-6  per  cent.  l^d>oxide. 

Chloride  of  barium  added  to  a  tolerably  concentrated  solution  of  propionate  of  leadj 
forms  at  first  a  somewhat  copious  precipitate  which  disappears  on  agitation ;  if  the 
addition  of  the  chloride  be  continued,  a  point  is  at  length  atUined  at  which  the  pre- 
cipitate no  longer  redissolves;  if  the  liquid  be  then  filtered,  and  left  to  evaporate) 
chloride  of  lead  separates  at  first,  and  afterwards  magnificent  limpid  ci^^stals  which 
appear  to  belong  to  the  dimetric  system.  They  diBsolve  readily  in  water  and  produce 
gvratory  movements  on  the  surfiice  of  that  liquid.  They  contain  416  to  3-88  per  cent 
chlorine,  36-96  to  36'70  lead,  and  24*32 to  242  barium.  (Nicklis,  Ann.  Ch.  Pharm! 
Ixi.  843. 

Propionate  of  Silver,  C'H*AgOs,  is  obtained  by  adding  nitrate  of  silver  to 
the  concentrated  aqueous  solution  of  the  sodium  salt  as  long  as  a  precipitate  is  formed, 
boiling  the  precipitate  in  the  liquid  till  it  dissolves,  whereupon  some  of  the  sUver 
is  reduced;  and  filtering  at  the  boiling  heat:  the  liquid  then  on  cooling  yields  white, 
shininff,  henyj  granules,  which,  when  examined  by  the  microscope,  are  found  to  consist 
of  needles.  The  salt  when  merely  exposed  to  light  remains  unaltered  for  several  weeks  • 
but  at  100®  it  suffers  partial  decomposition  and  becomes  black-brown.  At  a  hiirher 
temperature,  it  melts  quietlv  and  bums  away  without  noise  (Gottlieb).  When  the 
precipitate  is  dissolved  in  boiling  water,  the  greater  part  of  it  decomposes ;  and  the 
crystals  obtained  ftom  the  solution  decompose  when  heated,  giving  off  acid  vapours 
(Guckelberger).  Acbording  to  Frankhmd  and  Kolbe,  it  forms  smaU  crystsdline 
himinaB,  which  either  m  the  dry  state  or  in  solution,  blacken  when  exposed  to  liffht 
or  heated  to  100®.    It  is  less  soluble  in  water  than  the  aceUte. 

When  propionic  add  is  warmed  with  carbonate  instead  of  oxide  of  silver,  an  acid 
silver-salt  appears  to  be  formed,  and  crystals  may  be  obtained  containins  C»H»AiK>« 
C»H«0«.    (Wanklyn.)  ^  J  w  uumog  k,  a  Agu . 
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Aodopropionate  of  Silver,  C'H'AfO*.C*H*AgO*  is  produced  by  boiling  nitrate  of 
nlver  with  a  mixture  of  acetate  and  propionate  of  sodinm.  The  filtered  solution  on 
cooling  deposits  the  double  wilt  in  arborescent  groups  of  shining  needles.  The  cxystals 
may  be  dried  at  100^  without  alteration ;  they  do  not  melt  at  a  stronger  heat  and  are 
but  slightly  soluble  in  water.  The  solution  blackens  when  boiled,  tSaa  deposition  of 
metallic  sirirer. 

Acetopropionic  add  is  also  produced  by  the  fermentation  of  calcic  dtmte  in  contact 
with  putre^ing  curd.    (How,  Chem.  Soc.  Qn.  J.  t.  1 ;  Gm.  iz.  408.) 

JStiUiiitUum'deriffaiiveB  ofPropicme  acid, 

BrmnaproplOBlo  aetdv  CH^BrO*. — Produced:  1.  By  heating  1  at.  propionic 
acid  with  2  at.  bromine  to  150^  for  sereral  days,  and  coUecting  the  product  which 
passes  oyer  on  fimctional  distillation  between  190^ and 210*^  (Friedel  and  Machuca, 
Compt.  rend.  liii.  i08;  Jahresb.  1861,  p.  379). — 2.  By  the  action  of  hydrobromic  acid 
on  lactic  add: 

CTH«0«     +     HBr      -      C«H«BrO«     +     H«0. 

When  lactic  add  is  heated  to  180^ — ^200^  in  a  stream  of  saseons  hydrobromic  add,  a 
■mall  quantity  of  bromopropionic  add  distils  oyer ;  but  a  Detter  mode  of  preparation 
is  to  heat  ladic  add  with  rather  more  than  an  equal  yolume  of  cold  saturated  aqueous 
hydrobromic  add,  in  sealed  tubes  to  100^  for  seyeral  days,  then  agitate  the  product  with 
ether  free  from  alcohol  and  distil  the  ethereal  solution.  The  portion  which  distils 
aboye  180^  yields  a  large  quantity  of  bromopropionic  add.  Sometimes,  howeyer,  car- 
bonic oxide  IS  formed  at  the  same  time  together  with  a  fragrant  liquid  which,  when 
treated  with  alcoholic  ether,  yields  a  conddoable  quantity  of  ethylic  bromopropionate. 
(Kekul4  Ann.  Ch.  Phazm.  czzx.  11.) 

Bromopropionic  add  prepared  from  lactic  add  boils  at  202^  (corrected  206*6^)  and 
soudifles  at  — 17°  to  a  radio-crystalline  mass.  It  is  conyerted  by  9odium-<imdlgam  into 
propionic  add  (KekuH),  and  by  boiling  with  gino-cxide,  into  lactic  add  (Friedel 
and  Machuca;  Kekul^).  When  heated  with  alcoholic  ammania,  it  yields  alanine 
together  with  bromide  of  ammonium  (Kekuld) : 

C«H*BrO»     +     2NH»       -       (?H»NO«     +     NH^r. 
Bromopro-  Alanine, 

ptoolc  add. 

An  add  called  ftroma^onttr  ocuf,  hayins the  compodtionof  dibromopropionic  acid, 
CH^BrH)',  is  produced  by  the  action  of  bromine  on  dtraconio  add  in  presence  of  excess 
of  potash  (Canours).    See  CiTRAOoinc  Aged  (i.  998). 

eiiloropirapioBio  aeidf  C*HK:!10'. — ^This  add  does  not  appear  to  be  formed  by 
the  action  of  chlorine  on  propionic  acid,  but  is  obtained  by  the  action  of  water  on 
chloride  of  lactyl  or  chloride  of  chloropropionyl,  (C«H*OyCl«  or  CHK310.C1  (iii.  466). 
It  is  less  yolaule  than  propionic  acia,  and  smells  like  trichloracetic  add.  Nascent 
hydrogen  conyerts  it  into  propionic  acid  (p.  730\  Its  silver-salty  C'H^CLAgO',  is  less 
soluble  in  water  than  the  ^pionate,  and  isresofyed  by  boiling  with  water  into  chloride 
of  sUyer  and  lactic  add.  The  lead-salt  decomposes  in  like  manner  ^Ulrich,  Ann.  Ch. 
Pharm.  dx.  271).  The  baHum-salt,  C«H*BaXl*0«,  eyaporated  with  chloride  of  zinc, 
yields  a  ginC'Salt  haying  the  properties  of  sarcolactate  of  sine  (Lippmann,  Ann.  Ch. 
Pharm.  cxxix.  81.) 

Bespecting  Chloropropionate      Ethyl,  see  PaoFioino  Ethbbs. 

lodoproFioBio  aetdf  G'H*IO<.  (Beilstein,  Ann.  Ch.  Pharm,  cxx.  226;  cxxii. 
366 ;  Jahresb.  1861,  p.  668;  1862,  p.  244).— Produced  by  the  action  of  iodide  of  phos- 
phorus on  glyceric  acid.  To  prepare  it,  62  cub.  cent  of  glyceric  acid  having  a  density 
of  1'26  are  mixed  with  100  grms.  iodide  of  phosphorus  (added  in  three  separate  portions), 
and  as  soon  as  the  action,  which  may  be  allowed  to  go  on  with  considerable  energy,  is 
complete,  the  residue  is  washed  with  ice-cold  water,  till  the  water  runs  off  colourless, 
and  the  iodopropionic  add  which  remains  is  crystallised  once  or  twice  from  bdling 
water.  The  portion  remaining  in  the  mother-liquor,  may  be  extracted  by  ether  free 
from  alcohol,  not  by  eya^ration,  as  the  aqueous  solution  is  decomposed  by  heat.  If 
ether  containing  alcohol  is  used,  ethylic  iodopropionate  is  produced. 

Iodopropionic  add  forms  a  daszling  white,  nacreous,  crystalline  mass  melting  at  82^. 
It  is  eiudly  soluble  in  hot  water,  yery  slightly  in  cold  water.  The  mother-liquors  of 
the  add,  when  slowly  eyaporated  over  oil  of  vitriol,  deposit  it  in  large,  well-developed, 
apparent^  monoolinic  crystals.  The  add  dissolves  very  eadly  in  alcohol  and  ether, 
has  a  strong  add  reaction,  and  decomposes  carbonates.  Hydrochloric  add  gas  passed 
into  the  alcoholic  solution,  converts  the  add  into  the  ethylic  ether. 

The  salts  of  iodopropionic  add  are  eonyerted  by  boiling  with  water  into  metallic  iodida 
and  hydracry lie  acid  (iii.  177): 
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4CWB[»I0«     +     8BW)      -      CWH«K)»»     +     4HL 
lodopraplonlc  Hjdracrylle 

Mllr«pv«pl«Blo  Mid,  Cn9*N0«  -  CH>(NO>)0*.  (Chsneel,  Ann.  Ch.  Pharm. 
111.  296.— Laurent  and  Chancel,  [3]  tu.  866;  ziiL  462).— IVc>dnced  as  •  heaTj 
ydlow  oil  by  heating  bntyral  or  butyxone  with  nitric  acid,  and  precipitating  with  water. 
It  baa  an  aiomatie  odonr,  a  very  ffweet  taste,  ia  diaaolyed  slightly  by  water,  and  inall 
propordona  by  alcohoL  It  remains  fluid  even  at  rery  low  temperatores ;  ia  easily  set 
on  fire,  and  biuns  with  a  reddish  flame. 

The  nitropropionates  are  ijenerallyTeUowand  ayataUiaable :  they  all,  excepting 
the  ammoninrnHHUt,  deoompMoae  with  a  kind  of  ezpLosion  when  gently  heated.  Mineral 
acids  decompose  them,  precipitating  the  oily  add 

The  amnumnm-Mlt,  C^\VB*YSO*)0\B*0,  may  be  sublimed  without  decomposi- 
tion.  It  decomposes  spontaneously  when  kept  in  a  dose  ressel,  yielding  a  gaseous 
and  a  liquid  product.  Sulphydric  add  decomposes  it,  with  precipitation  of  sulphur  and 
formation  of  new  products.  The  potasnumsalt,  C^^K(NO*)0<.H*0,  is  obtained  in 
fline  ydlow  scales  oy  dissolTing  the  add  in  alooboEo  potash.  It  gives  off  its  water 
at  140^,  and  deoompoeea  with  explosion  at  a  few  degrees  higher.  It  dissoWfls  ia 
20  pts.  water,  but  is  nearly  insoluble  in  alcohol.— The  coppersMt  is  a  dirty-green  pre- 
dpiti^— The  lead-tUt  is  a  yellow  precipitate.— iSltf wr-jo/^,  C*H«Ag(MO*)0*.EK>. 
when  a  solution  of  the  potassium-salt  is  mixed  with  nitrate  of  silver,  a  yellow  pred- 
pitate  is  formed,  probably  consisting  of  a  basic  salt;  lor  on  boiling  it  with  water,  oxide 
of  diver  is  deposited,  and  there  remains  in  solution  a  silver^^alt^  which  oystdUses  in 
xhomboidal  plates,  and  has  the  eompodtion  above  indicated. 


Cra«0  •  CTa»O.H.  Hjfdride  of  Propionyl. 
Metaoetie  Aldehyde,  PropyUddid, — ^This  compound,  discovered  m  1847  byOuckel- 
berser  (Ann.  Ch.  Pharm.  bdv.  89),  is  produced :  1.  Together  with  sevwal  other 
aldehvdee  and  adds,  by  distilling  casein,  albumin,  or  fibrin  with  sulphurio  acid  and 
peroxide  of  manganese,  or  snlphurie  add  and  notasnc  chromate  (G-uckelberger). — 
3.  Together  with  butyric  aldehyde^  by  the  ary  distiUation  of  a  miztore  of  caldc 
formate  and  butvrate  (Michaelson,  Ann.  Gh.  Fbarm.  exxxiii.  182). — 8.  Together 
with  butyric  aldehyde,  propionie  add  and  butyric  add,  by  diwtilling  tetzylic  (butyUc) 
alcohol  with  sulphuric  add  and  potaaaio  chromate  (Michaelson,  urid,  cxzxiv.  69). 

Freparatum, — 1.  By  distilling  1  pt.  of  dry  casein  with  8  pts.  of  peroxide  of  manga- 
nese, 4^  pts.  oQ  of  vitriol,  and  80  ptsi  water.  8kimmed  muk  is  left  to  coagulate;  the 
cord,  freed  asjoompletely  as  possiblie  from  the  whey  by  washing  with  water  and  pressure^ 
is  dissolved  at  60^  to  80^  in  dilute  sodie  carbonate ;  the  solution  is  maintained  at  that 
temperature  lor  some  houxs,  the  scam  therebv  Ibonad  beins  carefully  removed ;  the 
slightly  turbid  Uquid  is  predpitated  by  dilute  sulphuric  add ;  the  curd  repeatedly  stined 
up  with  hot  water,  and  the  uquid  eadi  time  pressed  out  of  it^  till  the  water  runs  away 
quite  dear ;  and  the  resulting  casein,  which  contains  but  a  trace  of  fat,  is  dried. — 4*6 
pts.  of  oil  of  vitriol  are  next  diluted  with  9  pts.  water ;  the  mixture  is  cooled  to  60^  or 
40^ ;  1  pt  of  diy  casein,  pulverised  as  finely  as  possible,  is  gradually  added  to  it^  with 
eonstant  sturrin^  till,  in  the  eourse  of  a  few  hours,  it  dissolves,  and  forms  a  brown  or 
violet  solution;  and  the  remaining  portion  of  &t,  which  then  rises  to  the  surface,  is 
akimmed  off  The  solution,  after  standing  for  a  day,  is  diluted  with  10  pts.  water,  and 
introduced  into  a  retort  large  enough  to  hold  twice  the  quantity  and  containing  IJ  pt^ 
manganic  peroxide ;  11  pts.  of  water  sre  added  (making  up  the  SO) ;  the  liquid  is  dis- 
tilled into  a  well  cooled  recdver,  as  long  as  any  odoriferous  products  pass  over ;  1^  pt. 
more  manganese  is  introduced  into  the  retort,  toffether  with  a  quantity  of  water  equal 
to  that  which  has  already  passed  over;  and  the  Uquid  is  again  distilled  as  long  as  the 
distillate  has  any  odour. 

The  strongly  add  and  pungent  distillate  is  neutralised  with  dialk,  and  distilled  to 
one-half;  and  the  resultinff  neutral  distillate  containing  acetic,  pn^ionic^  butyric,  and 
benzoic  aldehydes  is  redistuled  into  a  well  cooled  receiver,  collecting  «ily  the  first  portion 
which  passes  over,  till  this  distillate  presents  the  appearance  of  a  milky  water  covered 
with  yellow  oil,  becoming  dear  as  it  cools,  and  gradually  depodting  bitter  almond  oiL 
To  separate  the  propionic  aldehyde,  the  milky  liquid  is  introduced  into  a  retort  or  fiask, 
to  which  is  adapted  a  long  tube  slanting  upwards  at  first,  and  afterwards  conveying 
the  vapours  into  the  downwardly  indined  condendng  apparatus,  and  heated  in  the 
water-bath,  at  first  only  to  40°  or  60^,  at  which  temperature  nothing  but  acetic  aldehyde 
passes  over,  whilst  the  propionic  aldehyde  condenses  in  the  upwardly  inclined  tube, 
and  flows  back  again.  The  propionic  aldehyde  is  then  distilled  over  at  66°  to  70^,  tha 
fiftt  portions  still  containing  acetic  aldehyde,  whilst  the  last  portions,  which  must  be 
colleeted  apart,  are  fi«e  from  that  impunty,  and  have  a  pleasant  ethereal  odour  (at  a 
higher  temperature  the  butyral  passes  over,  and  above  100^,  the  bitter  almond  oil). 
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The  distanatigr  ooUeeted  between  65^  and  75^  is  dehydrated  oror  chloride  of  calciam, 
and  redistilled,  whereupon  it  begins  to  boil  at  40^.  The  distillate  collected  between  •60*' 
and  70^  is  tolerably  pure  propionic  ald^yde,  not  however  exhibiting  a  perfectly  con- 
stant boiling  point. 

The  formiCy  acetic,  propionic,  butyric,  valeranic,  caproic,  and  benzoic  acids,  likewise 
formed  by  the  oxidation  of  the  casein,  remain  in  the  retort  as  calcium-salts  after  the 
volatilisation  of  the  aldehydes.    (Guck  e  1  be r g  er.) 

2.  A  mixture  of  1  at.  calcic  formate  and  1  at.  calcic  butyrate  yields  by  fractional 
distillation  a  product  which,  after  being  neutralised  by  oxide  of  lead  and  dried  by 
chloride  of  calcium,  is  resolved  by  fractional  distillation  into  propionic  aldehyde, 
boiling  between  64P  and  63^ ;  butyric  aldehyde  passing  over  between  65^  and  90^,  and 
amounting  to  about  two-thirds  of  the  whole ;  and  a  small  quantity  of  a  liquid  boiling 
between  48^  and  53^.    (Michaelson.^ 

3.  When  12  pts.  of  pure  tetrylic  alcohol  are  added  bv  small  portions  to  a  mixture  of 
20  pts.  Bulphunc  acid  and  15  pts.  of  acid  potassic  chromate  dissolved  in  water,  the 
mixture  becomes  hot  and  gives  off  carbonic  anhydride,  so  that  external  heating  is 
required  only  towards  the  end  of  the  reaction.  On  distilling  the  product,  propionic 
and  butyric  acids  and  aldehydes  pass  over  below  100^,  while  a  considerable  portion  of 
the  alcohol  remains  unattacked ;  and  on  neutralising  the  adds  with  oxide  of  lead, 
dehydrating  the  liquid  with  chloride  of  calcium,  and  submitting  it  to  fractional  distil- 
lation, the  propionic  aldehyde,  which  constitutes  the  greater  part  of  the  product^  passes 
over  between  69^°  and  61^.    (M  i  c  h  a  e  Is  o  n. ) 

Propionic  aldehyde  is  a  limpid  neutral  liquid,  having  an  ethereal  odour.  Sp.  gr.  «• 
0-79  at  16^.  Boiling  point  between  ^^  aod  66*' (Guekelberger);  64^  and  63<> 
(Michaelson).  Vapour-deBsity, obs.  «  2-111  (Guckelberger);  2*04  (Michael- 
son^;  calc  BE  2*01.  It  turns  acid  slowly  in  the  air,  rather  quickly  in  contact  with 
platinum-black  (Guckelberger).  When  heated  to  100^  with  recently  precipitated 
silver-oxide  and  a  little  water,  it  is  converted  into  propionate  of  silver^  with  separation 
of  specular  metallic  silver : 

2C»HH)     +     3Ag»0       -       2C*H*AgO     +     H«0     +     Ag«. 

This  character  distinguished  propionic  aldehyde  from  acetone,  with  which  it  is  isomeric 
(Michaelson.) 

TrilfromiOpr^)^pionie  Aldehyde,  CH*Bi'0. — Jl  body  having  this  composition  is  formed 
in  small  quantity,  together  with  acid  products,  by  the  action  of  bromine  on  the  alkaline 
salts  of  dtraconic  acid  (i.  993).  It  is  a  neutral  oil  insoluble  in  pure  water  and  in 
alkaline  solutions ;  easily  soluble  in  alcohol  and  ether ;  paztiaUy  decomposed  by  heat. 
It  is  uncertain  whether  this  body  is  a  derivative  of  propionic  aldehyde,  or  of  acetone. 

Fmtaohloropropionic  Aldehyde  or  Propionic  Chloral,  C*HC1H). — This  compound 
occurs  amongst  the  products  obtained  by  distilling  starch  with  hydrodiloric  add  and 
manganic  peroxide.  On  saturating  the  crude  distillate  with  chalk  or  sodic  carbonate, 
and  rectifying  over  a  small  quantity  of  caldc  chloride,  the  propionic  chloral  passes  over 
in  the  first  portion  of  tlie  distillate,  together  with  an  oily  body,  from  which  it  may  be 
separated  by  agitating  the  liquid  sevend  times  with  ice-cold  water,  decanting  the  solu- 
tion when  saturated,  and  halting  it,  the  propionic  chloral  then  separating  in  heavy 
drops  having  a  fiiint  yellow  colour.  By  dii!^ng  these  drops  in  a  small  quantity  of 
water,  and  eoolinff  to  0^,  colourless  rhombic  tablets  are  obtained,  which  may  be  purified 
from  adhering  oil  by  pressing  them  in  the  cold  between  bibulous  paper.  They  con- 
sist of  a  hydrate  of  propionic  chloral,  C'HC1K).4HK).  (Stfideler,  Gerhardfs  TraiU, 
ii.  434.) 

9SOVZOVZO  WMMMMm  These  oomponnds  have  not  been  muefa  fxamined,  the 
ethyl-compounds  of  propiomc^  bromopropionie  add,  &e.,  being  the  oaiy  ones  yet 
obtained. 

Ethylie  Propionate,  C*H*((?H»)0*  is  prepared  by  heating  silver-propionate  with 
a  mixture  of  absolute  alcohol  and  sulphuric  ado,  and  is  separated  from  the  product  by 
water,  in  the  form  of  a  liquid  lighter  than  water  and  having  a  pleasant  fruity  odour. 
It  is  quickly  decomposed  by  ammonia  into  alcohol  and  propionamide. 

Ethylie  Broffiopropionate,  was  obtained  by  Kekul^,  by  treating  with  alcoholic 
ether  the  fragrant  liquid  sometimes  produced  in  the  preparation  of  bromopropionio 
add  by  the  action  of  hydrobromic  add  on  lactic  acid  (p.  733). 

Ethylie  Chloropropionate,  Cm^ClO'  =  Cm\Om*)CiO*  -    ^CT^^l®*®' 

Ethylie  Chhrolactate  ^^cw^lci  (^  Wurtz,  Ann.  Ch.  Pharm.  cvii.  192;  cxii. 
232;   tJlrieh,  Chem.  Soc.  Qn.  J.  xiL  23).— This  ether  is  piodnoed,  together  with 
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etfajlio  dilorid«  and  wmter,  hj  the  aetioii  of  abioliite  aloohol  on  cbkride  of  dilofOfio- 
pionyl  (chloride  of  lactjl,  iii  646) : 

Cra^OCl*     +     20«H«0      -      C«!EPC10«     +     (?H»C1     +     H«0. 

It  is  a  liquid  haTinff  a  pleaaant  aromatie  odour,  a  speetfle  gravity  of  1*097  at  0^,  and 
^f^E^allipg  without  decomposition  at  150^.  Vapoiuvdenrity,  obs.  »  4*9  (Wurts); 
calc.  ->  4*7.  When  heated  with  sodium-ethylaie,  it  ia  couTerted  into  diethylie  lactate 
(Wnrti,  iiL  464) : 

By  the  action  of  fuuoent  J^drcj^  (line  and  dilute  anlphurie  add)  it  ia  oonrerted  into 
propionic  acid.    (Ulrieh.) 

Etkylie  lodoprofionaie,  G*H*(C'H')IO*. — Obtained  by  paaeing  hydrochloric 
add  gas  into  an  alcoholic  solution  oif  iodopropionic  add  (p.  784).  It  is  a  colourless 
strongly  aromatie  liquid,  heayier  than  water,  soluble  therein,  and  easily  soluble  in 
aloohoL  It  boils  between  180^  and  200^,  and  appears  to  volatUise  without  decomposi- 
tion.   (Beilstein.) 

WmOWXiOmTVmaM^  G^*N,  or  C^amd$  of  EtJ^  C^«.CN.— The  formation, 
pnipertif«,  and  most  of  the  reactions  of  this  compotud  haye  been  described  under 
CTAifiDns  (ii.  211).  The  products  obtained  by  treating  it  with  chlorine  have  recently 
been  examined  by  R  Otto  (Ann.  Ch.  Fharm.  cxtL  196;  Hkp.  Ghim.  pure,  1861,  p. 
257;  Ann.  Ch.  Pharm.  czxxii.  181;  BulL  Soe.  Chim.  1866,  i  293). 

2)^  eiUor^  passed  into  gently  heated  propionitrile,  forms  dichloropropionamide 
(p.  729),  and  dichloropropionitrile,  C*H*01'N,  which  imj  be  senarated  by  a 
fkreeaing  mixture,  the  former  then  crystallinnp^  out ;  and  on  submitting  tne  remaining 
liquid  to  fractional  distillation,  diehloropropionitrile  passes  oyer  between  104<>  and  107^. 

Dichloropropionitrile  is  a  limpid  liquid  haying  a  disagreeable  ethereal  odour, 
insoluble  in  water,  soluble  in  alcohol  and  in  ether,  decomposing  in  badly  closed  yessels. 
It  bums  with  a  8nv>ky  flame,  emitting  pungent  yapour*.  When  boiled  with  aUcali,  it 
giyes  off  its  nitroeen  as  ammonia,  the  last  portions  howeyer  going  off  ytaej  slowly,  and 
yields,  first  chlorinated  adds,  then  adds  ficee  from  chlorine. 

The  residue  left  after  the  distillation  of  the  dichloropropionitiile  is  a  crystalline  mass, 
haying  the  same  compontion  and  pobably  consisting  of  a  polymeric  modification.  It 
forms  fine  crystals  or  scales  melting  at  74*6^,  subliming  with  partial  decomposition, 
insoluble  in  water,  melting  in  boili^  water,  and  distilhn^  over  with  aqueous  yapour. 
It  dissolves  at  26^  in  7*17  pts.  of  absolute  alcohol,  and  tn  0*77  pt  of  ether.  With 
alkalis  and  adds  it  behayes  like  the  Uquid  modification. 

The  action  of  moist  chiorine  on  propionitrile  is  very  energetic,  and  is  attended  with 
rise  of  temperature,  end  the  formation  of  a  greater  number  of  products.  Ftopionitrile 
distils  oyer  holding  in  solution  h^drochlorate  of  propionamioe^  which  it  deposits  in 
crystals  (p.  729);  hydrochloric  add  is  eyolyed;  sal-ammoniac  is  deposited;  and  if  the 
action  of  the  chlorine  be  continued,  with  cohobation,  there  finally  remains  a  mass  of 
erystals,  which,  when  washed  with  cold  water,  and  dissolved  in  abeolute  alcohol,  yields 
firsts  small  iridescent  lamins  of  a  body  A,  having  the  compodtion  C*H>*G1*NK>* ;  then 
after  the  oily  mother-liquid  has  been  left  for  some  time  over  oil  of  vitriol,  oystals  of 
a  body  B  containing  (yu}*CL^K>* ;  and  finally,  an  uncrystallisable  oil  C. 

The  body  A  appears  to  be  formed  according  to  the  equation : 

8C»H«N  +   6Cl«  +  4HH)     »     <?H»»a»NK)«  +   4Ha  +  NHKIL 

It  melts  between  166^  and  168^ ;  sublimes  when  cautiously  heated;  is  insoluble  in 
water,  Imt  soluble  in  alcohol  and  ether ;  and  oyatallises  in  small  rhombic  laminm. 
Its  solution  in  dilute  hydrochloric  add  forms  a  predpitate  with  platinic  chlcmde^  After 
standing  for  some  time. 

The  body  B  melts  between  161^  and  152^,  and  in  other  respects  resembles  A. 

The  uncrystallisable  oil  C  appears  to  consist  of  the  body  A,  contaminated  with  other 
products  of  substitution.  In  contact  with  sodium-anudgam  and  water,  it  dissolyss 
without  evolution  of  hydrogen ;  and  adds  separate  from  the  resulting  liquid  a  yellowish 
mass,  whose  solution  in  dilute  alcohol  containinff  hvdrodiloric  add,  yiwb,  beddes  un- 
crystallisable mother-liquor,  feathery  crystals  or  a  body  J),  which  melts  at  168^ — 164^ 
and  contains  C»H»a«N«0». 

The  oil  C  distiUed  in  a  saltpetre-bath  yielded  a  small  quantity  of  dichloro-propio- 
nitrile  containing  hydrochloric  add,  and  a  brown  reddue  which  solidified  in  a  crystamne 
mass,  and  dissolved  in  absolute  alcohol,  leaving  a  slight  residue  of  sal-ammoniac  This 
alcoholic  solution  deposited  the  three  following  oystallisable  compounds,  distinguished 
by  their  melting  points  and  their  solubility  in  alcohol : 
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Melting  point. 

R 

C'«H»«C1«N«0* 

189  to  1910 

sparingly  soluble. 

F. 

0»H"a«N*0» 

166  to  1680 

more  soluble. 

G. 

C»H»C1'N<0' 

214  to  2150 

from  the  mother-liquor. 

The  action  of  moist  ohlorine  on  propionitrile  in  diffused  daylight  likewise  gives  rise 
to  the  formation  of  other  oompounos,  but  they  are  very  difficult  to  separate. 

YThen  moist  chlorine  acts  on  propionitrile  in  direct  sunshine,  the  resulting  brown 
liquid  deposits  on  standing,  crystals  of  dichloropropionamide,  and  the  liquid  decanted 
therefix>m  yields  by  distillation,  first  water,  hydrochloric  acid  and  propionitrile,  then 
(between  100^  and  120^)  dichloropropionitrile,  and  lastly  (above  120^)  dichloropro- 
pionamide,  together  with  solid  dichloropropionitrile  (p.  736).  In  one  experiment  the 
liquid  deposited  after  some  time^  cubic  ciystalB,  C*H'H}1'N*0.3HC1.H'0,  eaoly  soluble 
in  water  and  in  alcohoL 


or  TWtXTTEH  0*H\  The  third  of  the  series  of  alcohol-radicles,  OH*"*^*. 
(See  Tbtttl.) 

WMOWTMtJLMXMMm    See  TBiTTLAxnnL 

VMOWnUMKMm    See  TBiTTunnL 

See  TfimrLic  Aixohol,  Eth2b,  &e. 

I.  A  mineral  occurring  at  Altenbeig  in  the  Erzgebirge  in  crystals,  more 
or  less  altered  to  kaolin.  The  nucleus,  if  still  unaltered,  is  colourless  and  tfan^rent. 
Before  the  blowpipe  it  becomes  white  and  opaoue  without  fusing,  and  gives  on  water 
and  hydrofluoric  acid.  It  is  decomposed  by  sulphuric  acid.  A  colonriess  specimen  of 
specific  gravity  2*89  was  found  by  Scheerer  (Pogg.  Ann.  ci.  361)  to  contain  8-96 
fluoride  of  silicon,  42*68  alumina,  22*98  lime,  0*3 1  manganous  oxide,  0*26  magnesia, 
0*16  potash,  and  16*60  water  (->  90*83)^  from  which  it  is  impossible  to  deduce  a  defi- 
nite formula.  According  to  Scheerer^s  measurements,  the  crystalline  form  of  prosopite 
approaches  nearly  to  that  of  heavy  spar.  Dana,  on  the  otner  hand  {Mineralogy ^  ii. 
602),  regards  it  as  more  nearly  alLed  to  datholite.  Brush  (Sill.  Am.  J.  [3]  xx.  273) 
found  in  violet-coloured  crystals  of  so-called  prosopite  great  diversity  of  form  and 
composition.  Some  were  violet  and  oonsisted  of  fluor-spar ;  others  were  white,  soft 
and  opaque,  and  consisted  of  a  hydrated  aluminic  silicate. 

MftOTACM>W.  A  name  given  by  Liebrei  ch  to  a  substance  believed  by  him  to  be 
the  chief  constituent  of  nervous  tissue,  from  which  cerebrin,  myelin,  &c.  are  developed. 
To  prepare  it,  brain-substance,  freed  as  much  as  possible  from  blood,  is  reduced  to  a  pulp 
and  treated  with  water  and  ether  at  0^.  From  the  remaining  mass  the  piotagon  may 
be  extracted  by  alcohol  of  86  per  cent,  at  46^.  On  cooling  the  alcoholic  solution  to  0^, 
an  abundant  precipitate  is  formed  whicht  aA;^  being  weU  washed  with  ether  and 
redissolved  in  warm  alcohol,  crystallises  on  cooling  in  acicnlar  bundles. 

Protagon  is  colonriess,  inodorous,  scarcely  soluble  in  ether,  very  soluble  in  warm 
spirit;  with  water  it  swells  up  to  a  gelatinous  mass,  which  on  fMher  dilution  be* 
comes  an  opalescent  fluid.  Composition,  C^'H^'N^PO".  Boiled  with  concentrated 
boiyta-water,  it  is  deoompoeed  into  glycero-phosphorio  acid  and  a  new  base,  neurine. 

M.P. 

WWMfWWXM  {itptrrww,  **  pre-eminence  ")  is  the  name  given  by  Mulder  to  a  product 
obtained  by  the  action  of  potash  on  albuminoids.  He  considers  i)rote!fn  to  be  a  definite 
compound  forming  the  base  of  all  the  albuminoids,  and  imagines  that  these  bodies  difier 
firom  one  another  only  by  varying  quantities  of  ^uljwniide  {NS'yS,  and  phosphimide 
NH*?  (according  to  Mulder  its  formula  -  C^H^N^O^*).  This  ingenious  theory  is, 
however*  disproved  by  the  fiiet  that  protem  is  not  a  homogeneous  compound,  as  has 
been  clearly  shown  by^  the  experiments  of  Liebig  and  his  pupils ;  in  fact»  it  is  nothing 
more  than  the  albuminous  substance  more  or  less  modified,  and  always  contains  a 
certain  quantity  of  sulphur.  For  when  an  albuminoid  is  dissolved  at  the  common  tem- 
perature in  dilute  potiuih,  and  the  solution  is  saturated  by  an  add,  the  precipitate  thus 
formed  (protem^  contains  the  whole  of  the  sulphur,  not  a  trace  of  which  can  be  detected 
in  the  mother-hquid.  If  concentrated  potash  oe  employed,  and  the  liquid  heated,  part 
of  the  sulphur  is  removed  from  the  albuminoid,  and  the  solution  being  saturated  with 
an  add,  yields  a  proportionally  smaller  predpitate,  still  oontaininff  sulphur.  Finally, 
if  the  whole  of  tne  sulphur  be  extracted  from  the  albuminoid,  ue  alkaline  solution 
yields  no  predpitates  with  iidds  (Laskowski).  According  to  Fleitmann  and 
Laskowski  the  reaction  takes  pUce  more  rapidly  in  weak  potash,  if  the  liquid  be 
heated  with  oxide  of  bismuth  or  silver.  These  oxides  do  not,  however,  remove  all 
the  sulphur.    All  the  desulphurised  matter  appears  to  remain  in  solution. 

The  following  are  analyses  of  the  so-called  protein ;  they  will  be  observed  to  diffist 
very  little  from  the  composition  of  albumin. 
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Fleltiiuuni. 
DttOBM  and  Sdiseref .  ^  -       *  »> 

Cahoun.         .. — ^— ■■  -^     Bv  the  action  of  osid«  of 

Mulder,  frm  ca$eH$.   fr.fUnrim.  Jr.  korn.  bitmtith  oo  white  of  egf  . 

Carbon                 .        .        54-6        64*4        641        64*7  638  641 

Hydrogen  ...          6*9          71          7*0        .    .  7'8  71 

Nitrogen  ...        16-6         16*9        16*6         .    .  16*2  16-9 

Snlphnr 1*4  1-6 

O^gen 21-6  21-6 

Oxypr^tetn,  or  binoxide  of  pmuSn,  ia  another  of  Huldei's  compoonds,  the  ex- 
istence of  which  seemfl  M  little  proved  aa  that  of  tnoiun.  It  remains  inaolable  when 
fibrin  18  boiled  with  water,  and  is  supposed  by  Mulder  to  constitute  the  membrane  of  the 
red  blood-oells,  and  to  enter  into  the  composition  of  the  pellicle  which  separates  from 
inflammatory  blood  (Couenns  injlanimatoire).  According  to  ▼.  Laer,  it  is  also  precipi- 
tated, after  the  protein,  by  the  addition  of  an  acid  to  the  sohition  of  honiy  matters  in 
potash.  Mulder  found  63*1  per  cent.  C,  6*9  per  cent  H,  and  14'1  per  cent  N,  and 
07  per  cent.  8. 

Mulder  describes  several  other  substances,  which  do  not  present  the  characteristics  of 
pure  compounds,  «.^.  IVioxyprolein  (an  insoluble  matter)^  erylhro^pratide  (red  ex- 
tractire  matterX  protide  (a  bitter,  soluble  substance),  tulpkoproieio  add,  gaUoiannaU 
o/protnn,  and  ehtorits  of  protein. 

(Mulder,  J.  pr.  Chem.  xri.  129;  xrii.  312,  316;  Ann.  Ch.  Pharm.  xxxi.129.— 
Liebig,  ibid.  hrii.  182.— Fleitmann,  ilrid.  bd.  131.)  C.  £.  L. 

Syn.  with  Vbsutun. 

An  acid  existing;  according  to  Limpricht  (Ann.  Ch.  Fharm. 
cxxTiii  186;  Jahresb.  1863,  p.  648^  in  the  lesh-juice  of  the  roach  {Lmcioeut 
rtUiliu)  to  the  amount  of  0*7  per  cent  "When  the  extract  of  the  chopped  flesh  prepared 
with  cold  water  is  fireed  firom  albumin  by  boiling,  the  filtrate  precipitated  by  baryta- 
water,  eraporated  after  being  freed  from  the  precipitate,  and  again  after  standing  for 
48  honrs,  to  allow  the  creatine  to  separate,  and  the  remaining  liquid  eautioualj 
mixed  with  an  acid,  it  solidifies  in  consequence  of  the  separation  of  a  floocnlent  preci* 
pitate,  consisting  of  protio  add.  This  acid  is  an  amber-yellow  brittle  mass^  only 
sparingly  soluble  in  water,  eyen  at  the  boiling  heat ;  its  aqueous  solution  dries  up  to  a 
gelatinous  mass.  It  is  moderately  soluble  in  dilute  acetic,  hydrochloric,  or  snlphnric 
add,  more  easily  in  aqueous  ammonia^  ^tash,  soda,  baryta,  or  lime.  The  aoetic  add 
solution  is  not  predpitated  by  ferrocyanide  of  potassium ;  the  solution  in  ammonia  or 
baryta-water  gives  predpitatos  with  most  metallic  salts.  Frotic  add  has  nearly  the 
composition  of  the  protein-compounds.  When  boiled  with  dilute  sulphuric  add,  it  yields 
a  large  quantity  of  leucine,  but  apparently  no  tyrosine.  It  has  not  been  obtained 
f^m  the  flesh  of  warm-blooded  annuals  or  of  herrings,  or  indeed  of  any  flsh  excepting 
the  roach. 


An  augitic  mineral  occurring,  with  anorthite,  on  the  eastem 

dedivity  of  the  Badanberg  in  the  Harts.    It  has  a  light  brownish,  or  greenish  to 

greyish-yeUow  colour,  with  a  silky  ^mmer,  and  faint  striation.    Translucent,  or  in 

yery  thin  lamins,  transparent    £bdiibits  two  directions  of  deayage  indined  to  each 

other  at  134^  like  augite.    Hardaoas  «*  6—S,    Specific  grayii^  •  3-29.    Yety  thin 

splinters  mdt  before  the  blowpipe  to  A  greenish-grey  enamel.    Two  specimens  gaye  by 

analysis  the  following  results : 

Chrone* 
SO*.       A1*0>.    CoSO>.      FeO.       MnO.     CnO.       MfO.         1I*0.        Irou. 

68*46     8*71      0-89        »64     016      219      80*86      0*87     0O7     «     100*74 

6416      3-04      .     .      12*17      .     .      2*87      28*37      0*49      .     .     «     100*69 

The  chrome-iron  ore  in  the  first  spedmen  was  mechanically  mixed,  and  remained 
behind  on  treating  the  silica  with  potash.  The  ferrous  oxide  in  the  second  spedmen 
contaixed  a  small  quantity  of  chromic  oxide.  The  analyses  show  that  itte  mineral  is 
an  augite  M'O.SiO*,  the  silica  being  partly  replaced  by  idumina.  (A.  S  t r  e  n  g,  Jahresb. 
1861,  p.  986 ;  1862,  pp.  723,  793.) 

VSOTOGATBCanno  JUnil,  CH'O'.— An  add  isomeric  with  axysalicyiie, 
carbohydroquinonic  (iii  214),  and  hypogallie  adds  (iii.  239),  or  perhaps  identical  with 
the  latter.  It  is  produced :  1.  Together  with  oxalic  add,  acetic  acid,  and  humous 
substances,  by  the  action  of  melted  potash  on  piperic  add  (p.  664): 

Ci«H'H>«  +   8HK)     -     C^HW  +  C»HK)*  +  C^*0«  +  CO*  +  7H« 

On  sHghtly  sunersaturating  the  fhsed  mass  with  sulphuric  add,  concentrating  and 
boiling  the  redaue  with  alcohol,  a  solution  of  protocatecnuateof  potassium  is  obtained. 
This  solution  is  to  be  eyaporated ;  the  reddue  dissolved  in  water ;  the  solution  prod- 
pitated  by  neutral  acetate  of  lead,  Uie  first  portions  of  the  predpitate,  which  am 
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yeUoiT,  being  rejected ;  and  the  white  flodoB  snbseqnenUj  precipitated,  are  to  bo  decom- 
posed by  aolphydrie  add.  An  a^neoua  solution  is  thus  obtained,  which,  when  evapo- 
rated, yields  protocatechuic  acid  in  Aucate  groups  of  ctystals  and  laminae.  (S  tr e  c  ke  r, 
Ann.  Oh.  Pharm.  czviii.  280 ;  0m.  zri.  238.) 

2.  Gatechin,  which,  according  to  Kraut  and  r.  D  eld  en  (Ann.  Ch.  Pharm.  cxxviii. 
285 ;  Jahresb.  1868,  p.  ZS9\  is  isomeric  with  piperic  acid  J[or  rather  differs  from  it  by 
1  at  water,  haying  the  composition  CH^K)*],  likewise  yidds  protocatechuic  acid  by 
fusion  with  potash. 

3.  Maclorin  (morintannic  add,  iii.  1049),  fused  with  potash  is  resolved  into  proto- 
catechuic add  and  phlofogludn : 

1  part  of  madurin  is  evaporated  in  a  diver  basin  with  a  solution  of  3  parts  potassium- 
hydrate,  till  the  mixture  becomes  pasty ;  the  mass  is  then  addulatea  with  sulphuric 
add,  evaporated  to  dryness  and  treated  with  alcohol,  which  dissolves  both  the  products 
of  the  reaction.  The  alcohol  is  then  distilled  off,  and  the  aqueous  solution  of  the 
reddue  is  treated  with  neutral  acetate  of  lead,  which  predpitates  the  protocatechuic 
add,  leanyig  phlorogludn  in  solution.  The  lead-predpitate  is  treated  as  above. 
(Hlasiwets  and  Pfaundler,  Ann.  Ch.  Pharm.  czxvii.  361 ;  Jahresb.  1863,  p.  595.) 

4.  By  fodng  guaisietic  add,  one  purified  gnsiac-resin  with  potash.  (Hlasiwets 
and  Barth,  Ann.  Ch.  I^arm.  czzx.  846 ;  Jahresb.  1864,  p.  404.) 

Protocatechuic  add  crystallises  from  aqueous  solution  in  furcate  groups  of  crvHtals 
and  lamiiue  (Strecker) ;  in  thin  prismatic  aystals  (Hlasiwets  and  Pfaundler) ; 
in  tufts  of  needles  bdonging  to  the  monodinic  system  (Hlasiwets  and  Barth).  The 
crystals  (air-dried)  contain  C'H«0«.H'0  and  give  off  thdr  1  at  water  at  100^.  It 
dissolves  in  water,  alcohol,  and  ether.  The  aqueous  solution  is  coloued  dark  blue- 
green  by  ferric  chloride,  the  oolour  changing  to  dark  red  on  addition  of  alkalis.  It 
reduces  nitrate  of  silver  with  aid  of  heat-,  and  on  addition  of  ammonia,  but  does  not 
reduce  potasdo-cupric  tartrate  [carbohydroquinonic  add  separates  cuprous  oxide  from 
the  latter,  iii.  215].  The  dehydrated  add  mdts  at  199^,  and  is  decomposed  by  dry 
distillation  into  pyrooatediin  (unmixed  with  hydzoqninone)  and  carbonic  anhy<uride : 
CH-O*  -  C»H«0*  +  C0«. 

Madurin  (which  is  resolved  by  taking  up  the  elements  of  water  into  protocatechuic 
add  and  phlorogludn)  is  converted  by  nascent  hydrosen  evolved  from  sul{>huric  acid 
and  zinc,  into  machromin  C'^H'H)',  a  white  nnerj^staUisable  body,  which  quickly  turns 
blue  under  the  influence  of  air,  light,  heat,  and  oxidising  agents.  It  is  probably  formed 
from  protocatechuic  acid,  according  to  the  equation, 

2C'H«0*  +  H«     =     C»'H"0»  +  8HK). 

By  the  action  of  hydrogen  in  alkaline  solution,  on  the  other  hand,  madnrin  is  converted 
into  an  unczystallisable  body  C"H'K)*,  probably  formed  from  {ootocatechuic  add,  as 
shown  by  the  equation  : 

2CHW  +  H«     -     C»*H»K)»  +   8H«a 

(Hlasiwets  and  Pfaundler,  Bull.  Soc  Chim.  1866,  ii.  147.) 

The  protocatechuates  assume  a  fine  violet  colour  when  mixed  with  ferric  salts 
Protoeaiechuate  of  barium  forms  crystals  containing  C^*B}*B&"C^.5BH)  (Hlasiwets 
and  Pfaundler),  and  becoming  anhydrous  at  160^  (Hlasiwets  and  Barth). 
^The  eakiumsdU  contains  G"H**Ca^0*.4H*0  (Hlasiwets  and  Pfaundler), 
C*«H>*Ca''0*.3H*0  (Hlasiwe  tz  and  Bar  th).~With  solution  of  neutral  acetats  dtkad, 

the  aqueous  add  forms  white  fiocks  of  a  basic  salt,  C>«H'(VO*.Pb' O.H*0,  which  dis- 
solve in  ammonia,  potash,  and  acetic  add  (Strecker).  The  latter  polution  when  eva- 
porated deposits  colourless  granules  of  the  neutral  siut  (/**H'*Pb''0'.2H>0,  whidi  give 
off  their  2at  water  at  140^,  and  dissolve  with  difliculty  in  acetic  add  (Strecker).  Ac- 
cording to  Hkidwetz  and  Barth,  the  predpitated  lead-salt  contains  C'*H>«PbO'.2Pb"0. 
VmOTO-CMIMFOinniS.  The  pwBrproto  was  originally  used  to  denote  the  first 
of  a  series  of  binszy  compounds  airanged  aooordinff  to  the  nnmber  of  atoms  of  the 
electronegative  dement  In  this  sense,  enprous  oxide,  Ci*0,  mercurous  oxide  Hg'O; 
and  stennous  oxide  Sn'O,  would  be  protoxides.  At  present,  however,  it  is  most 
commonly  used  to  designate  that  compound  in  a  series  whicm  contains  1  at.  of  the  dectro* 
negative  dement,  a  sense  which  agrees  with  tbe  former  in  most  eases,  but  not  in  all; 
stannous  chloride  Sn"Cl*  for  example,  Ib  a  dichloride  according  to  tbe  latter  significa* 
tion,  a  protochloride  according  to  tJie  former.     (See  NoMBKCLAirBB,  p.  123.) 

nOTOOSVB.  A  sranito  occurring  in  Mont  Blanc,  consisting  of  quarts,  oitho- 
dase,  oligodase,  talc,  ana  mica.  (Deles se,  BulL  Soc.  gkHog.  de  la  France  [2]vi.  230.) 

Liffht  red  Silver  ore,    lAchUr  Boihgultiger^    Arsenikalberblende. 
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A  talphiinenife  of  silTer  oceorring  in  rhombohednl  cryttali,  in  wbich  Uie  principal 
axil  of  R  «  0-8076,  and  the  angle  of  the  terminal  edges  «  107^  36'.  The  dominant 
faces  are  those  of  the  scalenoh^rons  B*  and  R*,  combined  with  the  prism  odP2  and 
other  faces.  Cleavage  tolerably  distinct,  parallel  to  B.  Twins  are  of  frequent  oceor- 
rence.  The  mineral  also  oeenn  grannlar.  Hardness  -•2 — 2-6.  Specific  graritj  ^ 
6*422 — 6*56.  Lustre  adamantine.  Colour  and  streak  cochineal-red.  Snbtransparent 
to  subtranslucent.  Fracture  conchoi'dal  to  uneven.  Befon  the  blowpipe  it  gives  off 
arsenical  fumes  and  on  charcoal  ultimately  leaves  a  globule  of  silver.  IKssolves  in 
nitric  acid.  Gives  by  analysis  19*51  per  cent  sulphur,  15*09  arsenic,  0*69  antimony, 
and  64-67  silver,  agreeing  uearly  with  the  formula  Ag*As8*  or  8Ag*SAsS*  (H.  Bose, 
Pogg.  Ann.  zv.  472).  Oecun  in  Saxony  at  Johanngeorgenstadt^  Marienberff  and 
Annaberg;  at  Joachimsthal  in  Bohemia;  Wolfach  in  Baden;  Haikirchen  in  iUsace; 
Chalanches  in  Dauphin^ ;  Guadalcanal  in  Spain;  also  in  Mexico  and  Pern. 

VftO  WCB  OZ&«  A  name  applied  to  olive  oil  obtained  by  cold  pressure  from 
the  ripe  froits  immediately  after  gathering. 

lA  or  Niimm  tahulatmn.    Posed  saltpetre. 

8^  with  Bassobix.    (See  Gtnc,  ii.  966.)  « 

A  greyish-riolet  variety  of  limestone,  from  Faroe. 

Fturn, — 1.  PnaiuB  domestica. — ^The  composition  of  several  varietaes  of 
plum,  as  determined  by  Fresenius  and  othera,  is  given  under  Fnurr  (ii.  714,  716^. 

The  fleshy  part  of  mussel  plums  has  been  found  by  Pay  en  (J.  Pharm.  [8]  xvi.  279) 
to  contain  12*99  per  cent,  water,  0*73  per  cent  nitrogen  (in  the  fresh  substance),  ana 
2-62  ash  (in  the  dried  substance).  According  to  W.  Tod  (J.  pr.  Chem.  Ixii.  603 ; 
Jahresb.  1864,  p.  666)  fresh  mussel  plums  contain  9*3  per  cent  fleshy  substance  and 
7  per  cent  stone.  When  dried  at  100^,  the  flesh  gave  60*7  and  the  stone  30*9  per  cent 
water,  100  parts  of  the  fleshy  substance  and  of  the  stones,  both  in  the  fresh  st&te^ 
yielded  the  following  quantities  of  inorganic  constituents : 

•elabmavtiv.  IsMlablalavMw. 

KCl     C«0     K«0     80*    VK^  FesO>  APO>    CaO    MgO  MnO    P«0*    8iO« 

FlMb         .    .      'Oil      '171      <0M      -OOt      .     .      •«»      -06t     -010     -OOS     -OftS      -OCtt    B    '407 
Stone       -OlS     -OU     -080     -OSl      -OlS     *014  -124-040      DOl      *064     iM    b    -180 

Faisst  (Jahresb.  1862,  p.  811)^  found  in  dried  French  mussel  plums  a,  in  Wurtem- 
burg  mussel-plums  of  the  fint  quality  6,  and  of  second  qualitj  c,  the  following  quan- 
tities of  water,  sugar,  and  add : 

«.  6.  e. 

Water      ....        32*2  27*9  27*9  per  cent. 

Sugar      ....        48-1  66-8  47*6 

Aad        ....  2*6  30  8*9 


H 


» 


AmK  qf  Orleatu  Hmu  (T.  Richardson).* 


Bntire 

Skta     1     Fle«h 

Karael. 

Skin  or 
•eed. 

oTIhiit. 

Potash      . 
Soda. 

liimo ... 
Magnesia  . 
Sulphuric  anhydride 
Silicic              H 
Phosphoric       M 
Feme  phosphate 
Chloride  of  sodium    « 

69*21 
0*64 

1004 
5*46 
8*83 
2*36 

12*26 
604 

trace 

68*86 
36*2 
8*26 
9*29 
1*96 
0-81 
9*86 
7*46 
•     . 

64*59 
8*72 
4-86 
4-69 
8*23 
3*16 

15*44 
4*80 
0-62 

26-62 
1-94 
8-49 

16-17 
711 
2-38 

8305 
3*83 
0*49 

21*69 
7*69 

2806 
3-77 
6*61 

2*67 
25*24 

4*37 
trace 

99-74 

99*99 

100*10 

99*98 

100*00 

Aah  per  cent 

« 

. 

0*40 

0*89 

0-81 

1*64 

0-24 

1 

2.  Prmtu  Malaheb.—1he  bark  of  this  tree  contains,  besides  the  usual  plant-con- 
stituentF,  an  iron-greening  tannin,  an  indifferent  bitter  principle,  phlobaphene,  cou- 
marin  and  calcic  oxalata    Dried  at  lOO*'  it  gaye  11  *2  per  cent  ash,  containing  6*79  per 

■  Ann.  Ch.  Pbsnn.  Ixvli.,  Anhang  lum  Ste  Heft ;  Jahretber.  1847-48,  Tafd  C  su  S,  107*. 
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cent  KH)  (with  a  little  soda),  49'20  CaO,  8-44  MgO,  0-23  FeO,  0*04  d,  0*20  P«0», 
0-90  SiO*,  and  3919  CO'.    (Kittel,  Jahresb.  1868,  p.  626.) 

8.  Prunus  apinosa. — The  Blackthorn  or  Sloe.  Ripe  sloes,  treated  suocessiTBly  with 
different  solvents,  yield  2'2  per  cent,  matter  soluble  in  ether  (iron-greening  tannin, 
malic  acid  and  calciam-salts,  waxy  fat,  chlorophyll,  and  a  small  quantity  of  volatile 
oil) ;  4*8  per  cent,  matter  soluble  in  alcohol  (sugar,  iron-greening  tannin,  malic  acid 
and  calcium-salts,  red  colouring  matter,  green  vesin) ;  4*3  per  cent,  matter  soluble  in 
water  (gum,  pectin,  malic,  sulphuric,  and  phosphoric  acids,  combined  with  potash, 
lime,  and  masnesia;  extractive  matter);  1*7  per  cent,  soluble  in  hvdrochlorie 
acid  (ferric  gulate,  matter  converted  into  humous  substance,  calcic  and  magnesic 
phosphates);  16*1  per  cent,  vegetable  fibre  (together  with  the  stones,  the  kernels 
of  wnich  when  tre^ied  with  water  yielded  pmssio  add) ;  and  70*9  per  cent,  water. 
The  colour  of  the  lipe  fi[uit  is  due  to  a  purple-red  substance  separated  on  the  inner 
surface  of  the  skin,  and  agreeing  in  all  essential  characters  with  the  red  colouring 
matter  of  the  grape.  (J.  fi.  £nz,  Jahreeb.  1867,  p.  628).-— According  to  Sctreiner, 
ilntL  1866,  691),  sloes  contain  malic  acid,  tartaric  acid,  and  an  iron-greening  tannic 
acid.  The  freui  fruit  yielded  66*4  per  cent,  water,  and  0*72  per  cent,  ash,  containing 
8*48  KK),  4*8  NaH),  9*6  CaO,  6*2  MgO,  0*9  FeK>»,  trace  of  MnO,  0*6  A1*0«,  9*3  Cl, 
1*8  S0«,  10-6  P«0»,  70  SiO« and  241  C0«. 

Berlinerbkm,     Bim  de  Prusae,    Bleu  de  Parw.— This 


well-known  blue  pigment  consists  essentially  of  hydrated  ferric  ferrocyanide, 
Fe'Cy».18HK)  -  (W'')*(¥e"(YfASB.H),  generally  mixed  with  varying  quantities  of 
potassio-ferrous  ferricyanide,  KFe'Cy*  —  (KFe'')Fe"'Cy*. — It  was  accidentally  dis- 
covered in  1704  by  Diesbach,  a  colour-maker  in  Berlin,  who  was  preparing  Florentine 
lake  by  adding  carbonate  of  potassium  to  a  decoction  of  cochineal  mixed  with  alum 
and  ferrous  sulphate,  and  used  for  the  purpose,  an  alkali  over  which  the  empyreumatio 
oil  of  blood  had  been  rectified  for  thie  preparation  of  Bippel's  animal  oil.  On  ex- 
amining the  conditions  of  its  formation,  it  was  found  that  the  blue  colour  could  be 
produced  by  calcining  blood  with  potash,  and  precipitating  the  ley  thus  obtained  with 
ferrous  sulphate.  A  more  exact  direction  for  its  preparation  was  first  given  by 
Woodward  of  London  in  1724.  He  deflagrated  equal  parts  of  tartar  and  saltpetre, 
calcined  the  residue  with  dried  ox-blood,  and  precipitcS^ed  the  resulting  alkaline  1i>t 
with  ferrous  sulphate  and  alum,  whereby  a  greenish  precipitate  was  obtained,  which 
turned  blue  when  treated  with  hydrochloric  acid. 

Pure  ferric  ferrocyanide  can  be  obtained  by  only  one  process,  namely,  by  mixing  a 
ferric  salt  with  solution  of  ferrocyanide  of  potassium,,  keeping  the  former  in  excess,  then 
washing  and  dxying  the  precipitate.  The  product  thus  obtained,  which  has  a  splendid 
dark  blue  colour,  is  often  called  Paris  blue. 

For  preparation  on  the  laige  scale,  however,  it  is  customary  to  use,  instead  of  a 
pure  ferric  salt,  a  solution  of  ferrous  sulphate  (copperas)  which  has  been  partially 
oxidised  by  exposure  to  the  air,  and  subject  the  resulting  bluish-white  precipitate  to 
the  action  of  oxidising  agents.  The  product  thus  obtained  is,  as  already  observed,  a 
mixture  of  ferric  ferrocyanide  with  potassio-ferrous  ferricyanide  (ii.  228).  A  common 
mode  of  proceeding  is  to  mix  solutions  of  100  pta.  ferrocyanide  of  potassium  and  80 
ferrous  sulphate  at  the  ordinary  temperature,  wkah  the  precipitate  with  water ;  heat  it 
with  water  to  the  boiling  point,  add  30  pts.  nitrie  aoid  of  28^  Bm.,  and  from  16  to  30 
pts.  oil  of  vitriol,  then  wash  the  precipitate  and  diy  it  by  heat  (Gentele,  Dingl. 
polyt  J.  Ixi.  462.) 

This  process  does  not,  however,  yield  a  very  fiue  blue.  A  better  product  is  obtained 
bv  oxicusin^  the  white  precipitate:  a.  With  nitro-muriaiio  acid, — b.  With /i^rrio 
chloride,  which  is  thereby  reduced  to  ferrous  chloride,  and  may  be  used  again  for 
precipitating  a  solution  of  the  ferrocyanide.  The  solution  of  ferric  chloride  may  be 
prepu*ed  by  digesting  red  or  brown  hsematite,  free  fix)m  lime  and  day,  or  the  basic 
ferric  sulphate  obtained  as  a  residue  in  the  preparation  of  Nordhausen  sulphuric  add, 
in  crude  hydrochloric  add.  l^e  white  predpitate,  after  filtration,  and  while  still  of  a 
pasty  consistence,  is  heated  in  a  copper  vessel  to  the  boiling  heat,  then  quickly  turned 
out  into  a  tub,  and  well  mixed  by  stirring  with  the  solution  of  ferric  chloride  till  it 
has  acquired  its  full  depth  of  colour.  The  liquid,  which  contains  ferric  as  well  as 
ferrous  chloride,  is  separated  by  filtration  or  decantation,  and  digested  with  pieces  of 
iron  to  reduce  it  completdy  to  ferrous  chloride. 

c.  By  a  solution  of  manganic  chloride,  which  is  thereby  reduced  to  manganous  chloride. 
The  economy  of  this  method  depends  upon  local  circumstances.  As  the  commercial 
value  of  man^nese-ores  depends  upon  the  proportion  of  peroxide,  MnO*,  which  they 
contain,  and  in  the  common  ores  this  oxide  is  often  mixed  with  a  considerable  quputity 
of  manganic  oxide,  which  may  be  extracted  by  cold  hydrochloric  acid  in  the  form  of 
manganic  chloride,  this  treatment  may  be  applied  so  as  actually  to  increase  the  value 
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of  the  QTM  (that  is,  their  ehlorine-pirodtteing  power),  and  at  the  same  time  obUun  a 
solution  adapted  for  oonTeiting  the  white  precipitate  into  Pmsstan  bine. 

d.  By  ehrimie  aeuf.— The  white  precipitate  is  heated  to  the  boiliitg  temperature, 
and  mixed  with  an  oxidising  liquid  prepared  bj  dissolring  10  pts.  dichromate  of 
pocassinm  in  10  pts.  hot  water,  and  adding  to  it  when  cold  13^  pta.  oil  of  vitriol,  till 
It  has  acquired  its  fall  depth  of  colour.  The  chromic  acid  is  thereby  reduced  to 
chromic  oxide,  a  eompomd  which  possesses  considerable  Talue  as  a  colouring  matter. 

Whatever  be  the  oxidising  sgent  used,  it  is  essential  to  the  production  of  a  fine 
eoloor  that  the  white  precipitate  be  couTerted  into  Prussian  blue  entirely  by  its  agen^, 
and  not  by  atmospheric  oxidation.  For  this  reason  the  ferrous  solplmte  must  be  as 
free  as  possible  tmn  ferric  salt,  which  end  is  beet  attained  by  pladag  some  soaps  of 
metallie  iron  in  the  yessel  in  which  the  solution  is  left  to  daii^  before  use,  by  which 
also  any  eopper  that  it  may  contain  is  precipitated ;  and  the  white  precipitate,  as  soon 
as  formed,  must  be  fliterea  as  quickly  as  possible,  and  immediately  subjected  to  the 
action  of  tiie  oxidising  liquid.  ( W  agn er  s  JahreBberickt  Ar  CkemUeken  I'eeknohffie^ 
1856,  p.  88.) 

Oommon  or  bame  Prussian  Uue  ii  an  inftrior  article  prepared  by  the  foUowiqg 
process,  wfaidi  is  the  oldest  of  all  the  methods.  A  solution  of  1  pt.  fenons  sulphate 
and  2  to  4  pts.  alum  is  precipitated  by  solution  of  ferrocyanide  of  potassium  prepared 
as  deecribea  under  CrAianns  (iii.  23 IX  und  the  dark-coloured  precipitate,  consisting  of 
a  mixture  of  alumina,  ferrocyanide  of  iron  and  potassium,  and  hjdrated  sulphide  of 
iron,  is  washed  with  cold  water,  till  by  the  action  of  the  air,  the  sulphide  of  iron  is 
oouTerted  into  ferrous  sulphate,  and  irashed  away,  and  the  potassio-ferrous  ferrocy- 
anide is  conyerted,  with  loss  of  ferrocyanide  of  potassium  (ii.  228^,  into  Prussian  blue. 
The  chief  use  of  the  alum  is  to  saturate  the  free  alkali  contained  m  the  crude  solution 
of  the  yellow  prussiate,  and  prevent  it  from  forming  a  precipitate  of  oxide  of  iron, 
which  by  its  red-brown  oolour  would  spoil  the  blue.  The  precipitated  alumina  renders 
the  blue  paler,  but  on  the  other  hand,  it  adds  to  the  weight  of  the  product.  Prussian 
blue  thus  prepared  may  be  freed  from  the  greater  part  of  the  alumina,  basic  ferric 
sulphate,  potassium-salts,  and  other  impurities,  by  digestion  wiUi  dilute  sulphuric  acid, 
and  subsequent  washing  (Turner) ;  or  hj  dissolving  it  in  strong  salphunc  add,  pre- 
cipitating with  water,  then  digesting  it  in  hydrochloric  arid,  and  again  washing  with 
water.    (Berselius,  Lehrbuch,) 

Attempts  haye  been  made  to  utilise  the  waste  lime  and  lime-liquors  of  gas  works 
for  the  prepantion  of  yellow  prossiate  and  Prussian  blue.  This  ^-lime  contains 
cyanide  of  <alcium  and  enmide  of  ammonium,  as  well  as  free  ammonia.  The  latter  is 
expelled  by  the  action  of  steam ;  the  residue  is  lixiviated  with  water ;  and  the  solu- 
tion, which  contains  the  cyanides,  is  conyerted  by  addition  of  iron-salts  into  ferrocy- 
anides  and  Prussian  blue.  A  patent  for  this  use  of  gas  lime  was  taken  out  in  this 
country  by  Mr.  Spence  in  1837,  and  a  similar  process  was  patented  in  France  by 
Krafft  in  1836  (Dingl.  polyt.  J.  cxxxv.  393).  According  to  Erafft,  1,000  pounds 
of  gas-lime  may  hd  msde  to  yield  from  12  to  15  pounds  of  Prussian  blue  and  15  to  20 
pounds  of  ammonia-salts. 

Aocordiog  to  Pohl  (J.  pr.  Chim.  Ixiii.  882),  Prussian  blue  is  sometimes  adulterated 
with  starch  turned  blue  by  iodine.  This  ^somewhat  improbable)  adulteration  may 
be  detected,  if  in  large  quantity,  by  the  smell  of  hvdriodie  add  emitted  on  boiling  the 
substance  with  water,  and  if  in  smaller  quantity,  by  holding  in  the  mouth  of  the  test- 
tube  in  which  the  Prassian  blue  is  boiled,  a  strip  of  starched  paper  moistened  with 
very  dilute  hydrochloric  add ;  if  iodine  is  present  the  paper  will  be  turned  blue. 
Prassian  blue  is  sometimes  also  adulterated  with  chalk,  gypsum  and  clay. 

Properties, — ^Pure  F^russian  blue  has  a  yery  dark  blue  colour.  It  usually  occurs  in 
hard  brittle  lumps  haying  a  coppery  lustre  and  oonchoidal  fracture.  It  is  very  hypo- 
scopic,  inodOTOUs,  tasteless  and  not  poisonous.  When  contaminated  with  alumina, 
day,  &C.,  it  has  a  paler  colour  and  more  earthjr  fracture.  As  a  pigment,  Prussian  blue 
possesses  great  body  and  covering  power.  It  is  extensively  used  both  alone  and  mixed 
with  other  colours.  With  chrome-yellow  it  forms  a  delicate  green  called  yrse» 
ckinahar,  Bespecting  the  reactions  of  Prussian  blue,  see  Ctanidbs  of  Ibox 
(ii.  228). 

WWJtwmo  AOnk  &jik,  with  Htdboctahic  Acm  and  Ctanidb  or  HTDBoanr 
(ii.  214). 

FXmUinr  or  Prussian.  A  name  applied  by  Ghraham  to  a  hypothetical  radide, 
CN'  ■■  Cy*  or  Pr,  polymeric  with  cyanogen,  which  may  be  supposed  to  exist  in  the 
ferro-  and  ferricyaDiaes ;  e.q,  [Fe  <-  28],  nrzoprussic  add  »  (H¥e)Pr ;  ferricyanide  of 
potassium,  (E're')Pr,  ic  &c 

A  name  sometimes  applied  to  blende,  Zn*S ;  also  to  a  variety 
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of  gothite,  FdH)'.H'0,  called  also  sammet-^tUnde,  both  of  which  occur  at  Brzibram  io 
Bohemia. 


r.    Byn,  with  Habtik  (iii.  14). 

P8Bira>O^ACBTIO  AOIB.    Syn.  with  BumuLcimG  Acm  (i.  688). 

Sjn.  with  Andbsdv  (i.  291). 

r.    Syn.  with  Ancsrosai  (i.  290). 

Opaque  crystals  of  partially  decomposed  apatite  tcom  the 
ChurpriiuE  mine  near  Freiberg. 

VSBUIMMIUT I JLZO  AMIOBO&*    SeeTnTBTLio  Alcohols. 

A  green  obsidian  &om  Moldauthein  in  Bohemia. 

A  name  given  by  Warington  and  Francis  to  an  amorphous 
neutral  fattv  substance  obtained  by  saponifying  beeswax  with  potash,  and  precipitating 
with  an  adcL    (Handw.  d.  Chem.  vi  682.) 

PSauiKKnrBJiXm.  (J.  Lakowski,  B^p.  Chim.  app.  iii.  77.)~An  alkaloid 
obtained,  together  with  oleandrine,£K>m  the  leaves  and  branches  of  the  oleander. 
{Nerum  Oleander).  By  exactly^  preci|)itating  the  concentrated  aqueous  decoction  with 
tannic  acid,  washing  the  precipitate  with  a  httLe  cold  water,  and  then  treating  it  with 
aqueous  tannic  acid  for  a  short  time  only,  tannate  of  pseudo-curarine  is  obtained 
in  solution,  while  tannate  of  oleandzine  remains  behind. 

The  solution  of  the  foijner  is  boiled  with  finely  pulverised  litharge,  the  filtrate 
evaporated  nearly  to  dryness,  the  residue  freed  from  oleandrine  by  ether,  and  the  por- 
tion insoluble  in  that  liquid  is  dissolved  by  alcohol. 

On  eva^rating  the  alcoholic  solution,  pseudo-curarine  remains  as  a  yellowish, 
tasteless,  modorous  vamisb,  very  soluble  in  water  and  in  alcohol.  Insoluble  in  ether, 
and  non-volatile.  It  neutralises  strong  adds,  but  does  not  form  ciystallisable  salts. 
The  solutions  are  precipitated  by  mercuric  and  platinic  chlorides.  Pseudo-curarine 
appears  to  have  no  action  on  the  animal  organism. 

The  tannate  of  oleandrine  left  undissolved  as  above  is  taken  up  by  ether ;  and  the 
solution  is  treated  with  quicklime,  which  i)recipitates  tannic  acid  and  chlorophyll.  On 
leaving  the  filtrate  to  evaporate,  oleandrineis  obtained  as  a  slightly  yellowish  resi- 
nous, very  bitter  substance,  slightly  soluble  in  wat«r,  easily  soluble  in  alcohol  and  in 
edier.  It  appears  to  form  uncrystallisable  salts,  the  solutions  of  which  are  precipitated 
bv  the  chlorides  of  gold  and  platinum.  Oleandrine  acts  as  a  local  irritant,  producing 
violent  sneezing,  vomiting,  purging,  and  intermittent  tetanus,  sometimes  wiUi  fiitu 
results.  When  injected  into  the  jugular  vein  of  a  dog  or  a  rabbit  it  quiddy  destroys 
life. 

See  Sboondabt  Aixx>hol8. 

An  old  name  of  ethylic  orsellinate  (p.  236). 

^OBOXi  or  DiaUylie    Monohydrate,      See    Sbcondabt 
Alcohols. 

iTOOIi  or  DiaUiylio  JHhydraU,  See  Sbcokdast  Alcohols. 

See  Lbucikb  (iii.  582). 

iOJammsWManxm      Ctt*P<0«.OnHH)*.H<0.      (See    Phosphates    of 

OOFFBB,  p.  661.) 

9mmmQimAJakJamxrm»  Syn.  with  Phosfhooalcitb,  Cu'PK)*.3CuH'0' 
(p.  661). 

PSBUBOXOXVB.  A  mineral  having  a  definite  form,  belonging,  not  to  the 
substance  of  which  it  actually  consists,  but  to  some  other  substance  which  has 
wholly  or  purtly  disappeared.  Pseudomorphs  have  been  classed  under  four  principal 
heads: — 

1.  PseudoTnorphs  hyalteration  :  those  formed  by  a  gradual  change  of  composition  in 
the  species,  as  when  augite  is  altered  to  steatite. 

2.  By  aubstUwiiUm  :  those  formed  by  the  replacement  of  a  mineral  or  other  substance 
which  has  been  removed,  or  is  gradually  undergoing  removal ;  e.  g,  the  petrification  of 
wood. 

3.  By  ineruttration :  those  formed  by  the  incrustration  of  a  crystal,  which  may  be 
subsequently  dissolved  away,  the  cavity  often  being  subsequently  filled  by  infiltration; 
€.g.  the  change  of  fiuor-spar  to  quartz. 

-    4.  'Rj  paramorpMsm :  those  formed  when  a  mineral  passes  from  one  dimorphous 
state  to  another;  e^,  change  of  arragonite  to  calcspar.  (See  Gboloqt,  CnHvasTBTOi^ 


744  PSEUDOMORPHINE— PSEUDO-URIC  ACID. 

ii.  883-886;  alio  Dana'i  Mvurafoffy,  i.  222,  whan  m  table  of  pfleadcmorpba  ia 
giTen.) 

SeA  MoBPHon  (iii.  1051). 

Syn.  with  EBTnuunumnxB  (ii.  604). 

EO  AKOOKOA.    See  Tbittuc  Ai4X>kolb. 

A  aezpentiiifr-lilLe  mineral  hem  the  Zd^jar  laoimtain  near 
Aloysthal  in  Horavia:  of  epeafic  gravitr  —275 — 2*77,  and  eonUining,  aooording  to 
Haner,  33'42  per  cent  SiO',  15*42  AlHy,  84-04  MgO,  2*58  FeO^  and  12-68  water, 
whence  the  fbnnnla  3(2Mg;O.SiO*XAlK)*.SiO*)  i-  5H*0.  (Kenngott,  Wien.  Akad. 
Ber.  JLTi,  170.) 

SeePvnpmM. 

A  rock  oeenrring  in  the  Tal^de-Tignes  (Tiuvntaise  in 
'Savoy),  yetj  compact,  of  greyish  white  colour,  and  consistang  of  alender  lamine  inter- 
laced and  cemented  together  by  a  qnarta-like  snbetance.  Spedfie  gnwitj  =»  2*704. 
Contains  79-00  per  cent.  8iO*«  15-63  Al'O',  0-44  Fe*0*.  tiaoe  of  lime,  0*94  1^, 
2-72EH>(with  trace  of  soda),  trsoe  of  chlorine^  and  1*58  water.  (A.  Terreil,  Compt. 
raid.  liii.  120;  Jahreab.  1861,  p.  1082.) 

WWttnOQlpananL  A  pecoliar  base  said  to  have  been  obtained  by  Men- 
garduqne  (Compt  rend,  ixvii.  221)  from  a  cinchona  eltract  of  unknown  origin.  It 
neutralised  adds  completely,  decomposed  ammoniom-salts,  was  insoluble  in  ether  and 
in  water,  but  soluble  in  alcohol,  from  which  it  crystallised  in  irrefolar  prisms.  Its 
solution  in  ehlorine-water  assumed  a  reddish-yellow  oolour  on  ad^tion  of  ammonia, 
whereas  quinine  similarly  treated  turns  green.  It  was  tasteless,  and  its  sulphate, 
which  crystallised  in  flat  prisms,  was  scarcely  bitter.  The  base  gave  by  analysis 
76*6  per  cent,  carbon,  8*15  hydrogen,  and  10*3  nitrogen. 

WUB090&TMAM09TMMMM,  A  term  applied  by  Elotzsch  (J.  pr.  Chem. 
ly.  242)  to  the  solid  crystalline  bodies  separate  by  reduction  of  temperature  from 
certain  volatile  oils  and  resins,  and  distinguished  from  the  true  stearoptenes  by 
their  greater  solubility  in  hot  water ;  such  are  the  alyxiapcamphor  fiom  Myxia  aro- 
maiiea ;  geranium-camphor  from  Pdargonium  odoraiisnmwm,  coumarin,  the  camphor 
(yf  Anthoxantkum  odoratum  ;  auricula  or  primrose  camphor  from  Primida  AMrieuia,  and 
the  camphors  of  several  other  species  of  the  same  genus.  These  peeudo-stearoptenes 
often  separate  on  the  outer  suz&oe  of  the  plants,  as  in  JMmula  and  CtropUris, 

VMRIBOSTBATITBi  A  mineral  externally  resembling  talc,  filling  a  deft  of 
the  serpentine  of  Bathgate  (Linlithgowshire).  It  is  brittle,  unctuous  to  the  touch, 
has  an  uneven  fracture ;  hardjiess  ^  2-2,  and  soedfic  gravify  »  2*469.  Two  analyses, 
a  by  Thomson,  b  by  Binney  (Edinb.  PhiL  J.  1862,  xvi  55),  gave: 

BIOS.  A1S0>.         CaO.  MtfO.         PeO.  H«0. 

a,        41-89        22-05        2-42        616        662        20*22     -     99*86 
5.         42-78         22-53         2-54         676         631         1868     -     9960 

FSSVSOBVUPBOOTAVCNNnr.    Syn.  with  PBB8UZj>H0CTAK0GfBir  (p.  380). 

FSamiOTAIiCnn.  A  mineral  from  the  Val  d*Arbonne  (Tarentaise  in  Savoy), 
appearing  under  the  microscope  to  consist  of  greenish,  transparent,  crystalline  lamina 
and  small  pyramidal  quartz-crystals.  Before  the  blowpipe  it  loses  its  greenish  colour, 
and  in  small  pieces  melts  easily  to  a  stony-vitreous  whitish  mass.  Acoovding  to 
Terreil  (Compt  rend.  liii.  120)  it  contains  85*96  per  cent  silica,  8'50  alumina,  1*40 
ferric  oxide,  0'77  lime,  1-31  magnesia,  and  2*66  potash,  with  a  tiace  of  soda 
(=  100-60). 

PBaUBbTOXXWa.  The  name  applied  by  Brandes  to  a  light  yellow  poisonous 
extract  prepared  from  belladonna  leaves;  soluble  in  water  and  aqueous  alcohol,  inso- 
luble in  ether  and  in  absolute  alcohol,  predpitated  by  tincture  of  galls  and  acetate  of 
lead,  coloured  green  by  iron-salts.  It  is  not  a  pure  substance,  and  owes  its  poisonous 
action  to  the  presence  of  atropine.    (Handw.  vi.  683.) 

»aBU90-VXI0  AOn>,C«H*N«0«.  (Schlieper  and  Bayer,  Instit  1860,p.  182; 
Jahresb.  1860,  p.  327.) — An  acid  obtained  bv  the  action  of  potasdum-cyanate  on 
dialuramide  (uramil).  Its  potassium-salt  is  aepodted  in  the  crystalline  form  when 
dialuramide  (or  murexide)  is  heated  with  excess  of  potassium-cyanate  till  the  liquid  do 
longer  turns  red  on  exposure  to  the  air ;  and  on  mixing  the  solution  of  the  redystaUised 
salt  in  potash-ley  with  nydrochloric  add,  the  pseudo-uric  add  is  predpitated  as  a  white 
crysfallme  powder  made  up  of  small  prisms.  It  does  not  lose  wdght  at  100^,  ia 
tasteless  and  inodorous,  veir  slightly  soluble  in  water,  but  eadly  soluble  in  caustio 
alkalis.    It  decomposef  carbonates   and  acetates,  and  readily  yields  alloxan  when 
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treated  with  nitric  add.  When  snmnded  in  water  and  heated  with  peiozide  of  lead, 
it  gives  off  carbonic  anhjdride,  and  yields  oxalate  and  peendo-nrate  of  lead,  bnt  no 
allantoin ;  the  motheivliqnort  probably  contain  oxalurate  of  lead  as  well  as  nrea. 

The  psendo-nrates  are  easily  obtained  by  the  action  of  the  acid  on  the  cor- 
responding hydrates,  carbonates,  or  acetates ;  or  they  may  be  produced  directly  hy  the 
action  of  malaramide  on  the  oorreeponding  cyanates. 

The  ammo»iunt-9ale,  OH*(NH«)K'0'.H*0,  oysUUises  fi^  the  solution  of  the  acid 
in  hot  dilate  ammonia,  in  small  lamins  or  bulky  needles,  which  are  not  more  soluble  in 
strong  than  in  dilute  ammonia,  and  do  not  take  up  an  additional  quantity  of  ammonia. 
It  does  not  give  up  its  czystallisation-water  till  heated  above  100^ ;  at  130°  it  turns 
red  and  gires  off  ammonia. — The  ethylartdne-  and  aniiinesalts  resemble  the  ammonium- 
salt.— The  potauium-^t,  €*H*KN»b^H»0,  forms  small  shininff  scales  which  do  not 
give  up  their  water  till  heated  above  140^,  and  decompose  imd  turn  red  at  180°. — 
The  aodiumrMit,  G*H*NaNK)\2H*0,  forms  eauliitower-like  groups  of  prisms,  easily 
soluble  in  hot  water,  and  giving  off  their  water  of  crystallisation  at  140^.  From  its 
solution  in  caustic  soda  it'se|MrateB  in  the  amorphous  state,  but  without  change  of 
compontion. 

The  barnm-dolt,  C**Hi*Ba'77*0«.6H*0,  forms  spherical  groups  of  louff  slender 
needles. — ^The  ealeium-^aU  is  obtained  in  fine  prisms  on  predpitatmg  the  solution  of 
either  of  the  alkali-metal  salts  with  chloride  of  w^lffinm. 

The  cu/priot  mereurous,  mereurie,  and  lead-salts  are  also  cxystallisable,  the  last  with 
1  at.  water ;  the  sUver-saU  is  vezy  easily  decomposible. 

»nnn>OVamAT8nff9.  O^^^'N'O*?— A  resinous  substance  obtained  froa 
sabadilla-seeds :  also  called  FM/rM-rMtfi,  and  Bdoni$^  (from  Hdonias  officinalis,  the 
plant  supposed  to  yield  these  seeds),  tt  is  prepared  by  treating  the  alcoholic  extract 
of  the  seeds  with  water  containing  sulphuric  add,  adding  nitric  add  by  drops  to  the  add 
liquid,  decanting  the  solution  from  tne  pitchy  substance  thereby  separated,  and  pre- 
cipitating with  potash.  The  resulting  predpitate  is  dissolved  in  iJcohol,  and  the 
yulow  rennous  mass  which  remains  on  evaporating  off  the  alcohol,  is  treated  with 
water  to  extract  sabadilline,  and  with  ether  to  extract  veratrine.  Pseudoveratrine  then 
remains  behind.  It  is  a  brown  substance,  solid  at  ordinary  temperatures,  melting  at 
185°,  and  decomposing  at  a  hijgher  temperature^  with  evolution  of  nitrogenous  pro* 
ducts.  It  is  soluble  in  alcohol,  insoluble  m  water  and  in  ether.  It  dissolves  in  acidsy 
but  does  not  neutralise  them.    (Couerbe,  Ann.  Ch.  Fhys.  [2]  lii.  862.) 

See  Manoaiobsb,  Ozxdbs  of  (iii.  812). 

The  undried  root  of  JPsoralea  eseid&iUa  contains  0*63  nitrogen  and 
1-67  ash  (Payen,  Jahresb.  1849,  p.  708). — PsortUsa  glandulosa  or  Hex  paramtayensis 
is  the  plant  whose  dried  leaves  yield  Paraguay-tea  (p.  349).  Accordiug  to  Lenob}  e 
(J.  Pharm.  [31  xviii.  199),  this  substance  contains  a  peculiar  crystalliBable  nitron- 
nous  body  which  he  c^ls  psoraUine  ;  but  it  is  doubtless  identical  with  oaffitme,  which 
has  been  shown  by  Stenhouse  to  exist  in  the  dried  leaves  to  the  amount  of  1*1  to  1*2 
percent. 

VTB&RXi  CH*.— rA  radicle  supposed  by  Kane  to  exist  in  the  mesitylene- 
compounds:  thus,  trichloromesitylene  C*U*C1*  was  regarded  as  chloride  of  ptdeyl, 
CHKn. 

VTBKITAMWIO  AOIB.  C**H**0'?  (Luck,  Jahrb.  pr.  Pharm.  xxii.  173; 
Gm.  XV.  600.)— An  add  contained,  together  with  tannaspidic  acid,  in  the  root  of 
Aspidium  FHix  mas.  When  the  coarsely  pounded  root  is  lM)iled  with  alcohol  of  76  to 
80  per  cent,  and  the  decoction  is  mixed  with  water,  a  small  quantity  of  ^  hydrochloric 
ado,  and  pulverised  sulphate  of  sodium,  a  predpitate  is  formed  containing  the  two 
adds.  This  precipitate  is  cdlected,  washed  with  solution  of  sodic  sulphate,  pressed, 
again  triturated  wiUi  water,  and  digested  for  half  an  hour  at  60° — ^80°,  with  water 
containing  hydrochloric  add,  whereby  ammonia  and  other  bases  are  removed.^  The 
reddue  washed  with  water,  dried,  and  exhausted  with  ether  free  from  alcohol,  yields  a 
solution  of  pteritannic  acid  and  a  residue  of  tannas^dic  add.  The  ethereal  solution 
leaves  on  evaporation  a  black-brown  reddue,  which  is  digested  with  distilled  mineral 
naphtha  as  long  as  the  oil  is  Uiereby  coloured  brown.  The  undissolved  powder  is 
collected,  pressed,  triturated  and  boiled  with  water,  the  resinous  cake  b  dissolved  in 
ether,  and  the  solution  is  evaporated.  ^  ^  . 

Pteritannic  acid  thus  obtained  is  a  black-brown,  amorphous,  shining  mass,  rieldinga 
&wn-coloured  electric  powdnr.  It  is  tasteless,  but  has  a  faint  odour  and  slight  acid 
reaction ;  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  The  alcoholic  solution 
forms  brown  predpttates  with  the  chlorides  of  barium  and  calcium,  and  green  predpi- 
tates  with  ferrous  and  ferric  salts.  With  basic  acetate  of  lead  or  with  excess  of  the 
neutral  acetate,  it  forms  a  predpitate  containing  C**H"Pb"0*,  and  the  liquid  filtered 
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thenfrom  pMa  with  Buunoiiia  a  precipitate  oQntaining  2C**H**Pb''0*.Pb*H^* ;  hf 
precipitation  with  a  emaller  quantity  of  the  neutral  acetate,  an  acid  salt  is  fonned 
oontuning  0»*H"Pb"0«.C««H*O"? 

THracSiorcpUriUmme  aeid^  C^H^HTIH)",  ia  a  light  loain-oolouxed  powder  obtained 
hj  paaaing  emorine  into  water  containing  pteritannic  acid  in  aolution.  It  reacts  with 
metallic  aalts  like  the  latter.  The  aloohoUc  solution  yields  with  haaie  acetate  of  lead 
a  salt  containing  C^H*<Pb"a«O*.HH).^^«»;JU(m7p{drt«<m«i0  add,  G*«H>H}1«0«,  is 
obtained,  aa  an  orange-coloured  powder,  by  the  action  ol  diy  chlorine  on  pteritannic 
acid.  Its  alcoholic  aolution  yiekU  with  basic  aoeiate  of  lead  a  precipitate  containing 
C*»H«Pb'a«0*.H«0. 

So-called  MXMpteriUmmo  moid.  When  a  solution  of  pteritannic  acid  in  absolute 
alcohol  is  boiled  with  a  small  quantity  of  hydrochloric  add,  a  puzple-red  sQlution  is 
temed  which,  when  mixed  with  a  small  quantity  of  water,  deposits  a  black-red  resin 
containing  C'E^'O'*,  and  when  dropt^  with  agitation,  into  a  lazse  quantity  of  water 
yields  a  light  puiple  powder  having  the  composition  O'H'K)**.  Luck  regards  these 
produots  as  conta£ii«  respectiYely  C^W^O^  -  lO^S^C.G^H^O  and  C^H^O'^  - 
t€^B}*O',C^B^0M0  ;  but  neither  of  them  has  actually  been  reeolyed  into  pteritannic 
andaloohoL 


A  sulphuretted  albuminous  substance  contained  in  the  saliva  of  the 
parotid  gland ;  it  differs  in  some  of  its  reactions  from  slbumin,  mucin,  and  casein. 
(Oovacs,  J.  Fharrn.  [8]  zlii.  92.) 

vmmons  JLJOWAV.-  An  umbelliferous  plant  growing  abundantly  in 
Bijpootanah  and  other  parts  of  Central  India,  and  weu  known  for  its  aromatic  and 
carminatiye  properties.  The  seeds,  it^ich  resemble  those  of  the  caraway,  excepting 
that  they  are  much  smaller,  have  a  very  agreeable  odour,  like  that  of  thyme-oil,  and 
when  repeatedly  distilled  with  water,  yield  an  essential  oil  amounting  to  5  or  6  per 
cent  of  their  weight  and  consisting  of  a  hydrocarbon  isomeric  with  oil  of  turpentine, 
holding  in  solution  a  camphor  or  stearoptene  identical  with  thymol  C**H*K)  {q.  «.). 
The  hydrocarbon  separated  by  fractional  distillation  and  purified  by  treatment  with 
ehlnride  of  calcium,  potash,  and  potassium,  is  a  colourless  aromatic  oU  boiling  at  172^, 
and  having  a  density  of  0*864  at  12^.  When  treated  with  hydrochloric  acid,  it  yidds, 
not  a  oystalline  compound,  but  a  brown  mobile  liquid.  (Stenhouse,  Ann.  Ch. 
Pharm.  xciii.  209;  zcviii.  307;  Chem.  Soc.  Qu.  J.  is.  234. — ^Haines,  Chem.  Soc  Qu. 
J.  viii.  289.) 

WOOnnk  A  doubtM  alkaloid  said  to  exist,  together  with  sanguinarine  and 
another  alkaloid,  called  porphyroxine,  in  the  root  of  Sangtdtnaria  eanadmm.  (O.  D. 
Gibb,  Phaim.  J.  Trans.  [2]  i.  454.) 

See  Inox  (ill.  347). 

UCFSOB.    Syn.  with  AmDCOimr  (i  291). 

Bee  Obsidian  (p.  169). 

Syn.  with  Poonahlztb  (p.  688). 

The  rootJ>ark  of  the  pomegranate  (Puniea  Granaium)  yields  when 
air-dried,  13*22  per  cent,  and  when  dried  at  100^,  15*02  per  cent,  ash,  containing 
4-75  K*0  (with  trace  of  soda),  4887  CaO,  184  MgO,  0*76 Fe»0», 212 P«0*, 329 SiO* 
6-98  SO*,  0-46  CI  and  3875  CO*.    (Spiess,  Jahresb.  1860,  p.  550.) 

JPIIJilCUr*  An  acrid  uncrystallisable  substance  obtained  from  the  bark  of  the 
pomegranate  tree.    (Bighini,  J.  Pharm.  [3]  v.  298.) 

vmtFUif  AVlUEWa.    See  Amum-Dias  under  ^bxktlamuxe  (p.  466). 

nnftVXJi  or  OASSZOB.    See  Gk>u>-FUBFtB  (ii.  988). 

yumviA  OOVFBB.  Variegated  Copper.  Erubeecite,  A  native  sulphide  of 
copper  and  iron  (ii.  78). 

nniMJI  OXVOXXV.  A  term  applied  by  Stokes  (Proc.  Roy.  Socxiii  357) 
to  the  colouring  matter  (cruorin)  of  the  blood  when  partially  deoxidised ;  in  its  more 
highly  oxidised  state,  it  is  called  ecarlet  eruorin, 

VmiPinftATBS.  Scheele,  in  1776,  observed  that  the  solution  of  uric  acid  in 
nitric  acid  reddened  the  skin  and  left  a  deep-red  residue  when  evaporated.  Prout^ 
in  1818,  obtained  this  colouring  matter  in  the  crystalline  form,  and  regarded  it  as  the 
ammonium-salt  of  a  peculiar  acid,  purpuric  aeid;  by  double  decomposition  he 
succeeded  in  obtaining  other  metallic  pui^urates,  which  were  similarly  coloured.  He 
regarded  the  ctdourless  substance  which  is  separated  froinpurpurate  of  ammonium  by 
atrong  acids  (murexan)  as  purpuric  acid.    Lie  big  and  Wohler  {Aim,  Ch.  Pharm. 
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xxri.  319\  «howed  that  PRmt'B  purpaiio  acid  did  notposBOM  the  property  of  forming 
eolonred  mltB,  and  80  oonld  not  be  considered  as  the  acid  of  the  parpnntes;  lbrther# 
they  regarded  PNvt^s  eompound,  not  as  an  ammoninm-sak  bat  as  an  amide,  and  pro- 
posed to  designate  ft  Murexide.  Later  researches,  however,  by  Fritssche  (J.  pv^ 
Ghem.  zri.  380;  zvii.  41t)^«nd  Beilstein  (Ann.  Ch.  Fharm.  crii.  176),  tend  to  e»* 
tablish  it  as  a  true  ammoniiOB^alt. 

Purpuric  acid  has  never  been  iiuhtsd^  being  decomposed  when  its  salts  are  treated 
with  a  stronger  add.  Taking  the  fbnnla  of  the  ammonhunHnlt  as  CWN*0*  *■ 
C"H«(NH«)NH)*,  the  acid  is  represented  by  lbs  formula  C^KI^H)*.  Laurent 
(Compt.  rend.  zzxv.  629)  re^|ards  it  as  murexanic  add,  tiwaarie  add  of  aUozantin  ov 
murexic  add.  Beilstdn  considers  it  as  a  dibadc  add,  and  regards  uwimide  and  othev 
normal  purpurates  as  add  salts. 

Fnraurates  are  aU  distinguished  by  their  splendid  purple  ooloor;  many  are  gold- 
green  by  reflected  Ught. 

Purpurate  of  Ammonium  or  ]i£ur$»ide. — This  salt  is  fbnned  in  a  great 
▼ariety  of  drcumstances: — 1.  By  heating  dialnrate  of  anmionium:  2G*H*N'0'  +.  0  b 
C*H"NH)«  +  H*0  (ii  816).— 2.  By  the  oxidation  of  dialuramide  by  the  oxides  of 
silver  or  mercaiy.---3.  By  exposing  to  the  air,  or  adding  alloxan  to,  an  ammoniacal 
solution  of  dialuramide:  C^«N«0'  -i-  2NH*  -  C«H"N«0*  +  H«0.— 4.  By  the  action 
of  ammonia  on  alloxantin  (i.  139). — 6,  By  exposing  to  the  air  an  ammoniacal  solution 
of  murexan.  A  solution  of  uric  add  in  dilute  nitric  acid,  as  it  contains  alloxan  and 
alloxantin,  yields  purpurate  of  ammonium  on  addition  of  ammonia.  It  is  by  this 
process  that  murexioe  is  prepared  on  the  manufacturing  scale  for  use  in  dyeing. 
According  to  Beilstein,  the  best  method  of  preparing  murexide  is  by  the  action  of 
mercuric  oxide  on  dialuramide.  4  pts.  of  dialuramide  and  8  pts.  of  mercuric  oxide  are 
dissolved  in  30  to  40  pts.  of  water,  a  little  ammonia  is  added,  and  the  whole  is  boiled 
for  a  few  minutes,  and  filtered  oiP;  the  filtrate  on  cooling  depodts  eiystals  of  murexide, 
the  quantity  of  which  is  increased  by  adding  carbonate  of  ammonium  when  the  liquid 
is  nearly  cooL  Gregory  prepares  it  by  dismlving  4  pts^  alloxantin  and  7  pts.  tetra- 
hydrated  alloxan  in  240  pts.  boiling  water,  and  adding  80  pts.  of  a  cold  saturated 
solution  of  carbonate  of  ammonium.  Fritzsche's  method  of  adding  carbonate  of  ammo- 
nium to  a  boiling  solution  of  alloxan  probably  depends  upon  the  formation  of  alloxan- 
tin  by  the  action  of  heat  on  the  alloxan-soludon,  since  with  pure  alloxan  no  murexide 
is  obtained.  Ghnelin  obtains  it  by  the  long-continued  action  of  dry  ammonia  on 
flndy-pounded  alloxantin,  the  resulting  brown-red  mass  bdng  repeatedly  pulverised,' 
and  exposed  anew  to  the  action  of  the  gas;  the  firee  ammonia  is  then  removed,  and  the 
product  dissolved  in  as  little  hot  water  as  posdble,  and  crystallised. 

Purpurate  of  ammonium  crystallises  in  four-dded  prisms,  which  are  gamet-eoloured 
by  transmitted,  ridi  gold-men  by  reflected,  li^t.  They  contain  1  at.  (6-64  per  cent) 
water  of  crystallimtion,  iriiich  they  lose  when  heated  to  100^,  or  when  dried  in  vacuo 
over  sulphuric  add ;  they  are  then  converted  into  a  brown-red  powder,  which  acquires 
under  the  burnisher  a  neen  cdonr  and  metallic  lustre.  It  is  slightiy  soluble  in  cold 
water,  more  easily  in  hot  water,  forming  a  splendid  purple  solution ;  insoluble  in 
alcohol  or  ether.  The  aqueous  solution  of  purpurate  of  ammonium  is  decomposed  by 
hydrochloric  or  sulphuric  acid,  murexan  being  predpitated,  while  the  supernatant 
liquid  contains  alloxan,  alloxantin,  urea,  and  ammonia.  Purpurate  of  ammonium 
dissolves  in  cold  j^iash,  with  evolution  of  ammonia,  forming  an  indigo-blue  solution, 
which  is  decolorised  by  heat,  after  whidi  the  addition  of  sulphuric  add  predptates 
murexan.  Nitric  add  converts  murexide  into  alloxan.  An  aqueous  solution  of 
murexide  is  decomposed  by  mUphuretted  hydrogen,  murexan  bdng  predpitated,  while 
the  supernatant  liquid  contains  alloxantin  and  dialurie  add;  no  hydrosolphate  of 
ammonium  is  formed.  Heated  with  eyanate  of  potasentm,  it  yidds  pseudo-urate  of 
potassium  (p.  746). 

Various  formulae  have  been  proposed  for  purpurate  of  ammonium.  Liebig  and  Wohler 

gve  CW«N*0^  Kodwdss,  C»H«N*0* ;  FnWhe,  C»ffN«0»-*.      That  adopted  by 
melin,  Gerhardt,  Laurent,  Beilstein,  &c.,  and  now  generally  accepted,  is  CH*N*0*« 
The  following  are  the  results  of  analysis : 


KodirelM 

Fritsiche 

BeiUteln 

Calc. 

atlOOP. 

L.  and  W. 

L!«blg. 

at  100°. 

at  ie6P, 

c» 

96 

33-80 

38-96 

84-08 

84-4 

34-93 

8418 

H« 

8 

2-82 

2-70 

3-00 

3-0 

2-83 

3-11 

N« 

84 

29-68 

36-34 

32-90 

31-8 

30-80 

80-35 

0« 

96 
284 

83-80 

2200 

30-02 

30-8 

31*44 

32-36 

crH«N«o« 

100-00 

10000 

100-00 

100-0 

10000 

100-00 

Murexide  is  used  in  dyeing  for  the  production  of  various  shades  of  red,  purple,  and 
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yellow.  lU  Bolatioii  mixed  with  mercuric  nlte  produoei  flne^ed  and  purple  coloun  on 
Bilk,  wool,  ootton,  and  leather ;  and  with  mncHuuts  it  yiekU  orange  and  yellow  ooloiizs. 
The  coloun  thus  obtained  axe  very  fresh  and  brilliant,  and  may  be  exposed  to  light 
without  fiuling ;  they  are  however  exoessively  sensitiTe  to  the  acdou  of  sidphuroas  acid, 
whioh  tarnishes  and  discolours  them  with  extreme  rapidity.  This  is  a  great  drawback 
to  their  employment  in  places  where  the  use  of  coal-gas  has  become  generaL 

A  fisw  jfears  ago,  murexide  was  vezy  laisely  used  for  dyeing  and  calico-printing,  the 
weekly  yield  of  one  factory  alone,  that  of  Mr.  Rumney  of  Manchester,  having  amounted 
to  no  less  than  12  cwt. ;  but  it  has  since  been  nearly  driven  out  of  the  field  by  the 
aniline  colours.  {Bepori  on  Murexid^yema  hjf  £.  Kopp,  lUp.  Chim.  app.  i.  79 ; 
also  Hofmann's  Report,  1862,  p.  118.— Jahrosb.  1867,  p.  649  ;  1858,  p.  671 ;  I860, 
p.  762.) 

Purpuraio  of  Pota$»ium,  CH^KNH)*. — Obtained  as  a  brown-red  orystalline 
powder,  when  concentrated  solutions  of  pupurate  of  ammonium  and  nitrate  oi  potas- 
sium are  mixed  together ;  when  freed  from  murexide  by  boiling  with  nitre,  and  re- 
cr3rstallised,  it  is  obtained  in  ciystals  resembling  those  of  the  ammonium-salt,  but 
darker.  It  is  slightly  soluble  in  water,  still  less  m  saline  solutions.  After  diying  at 
10Q9  it  loses  8-04  per  cent  water  at  800^  (Fritssehe);  2*96  per  cent  (Beilstein). 
The  deep  blue  colour  of  a  solution  of  murexide  in  oola  potash  appears  to  be  owing  to 
the  presence  of  a  basic  potassium-calt 

The  sodium-salt,  C^«KaNK)*,  is  obtained  like  the  potassium-salt 

The  barium -salt,  0^<H*Ba1^*0",  is  obtained  by  precipitating  acetate  of  barium 
with  murexide.  It  is  a  dark-green  powder,  which  becomes  purple-red  when  triturated ; 
slightly  soluble  in  water,  formii^  a  purple  solution.    At  100®  it  loses  8*78  per  cent 


The  strontium'  and  ealeium-salts  are  similarly  obtained  with  nitrate  of 
strontium  and  chloride  of  calcium.    They  are  slightly  soluble  with  a  purple  colour. 

The  maffnesium'Salt  is  very  soluble,  with  purple  colour. 

The  lead-salt  has  not  been  obtained  pure.  Murexide  added  to  an  add  solution  of 
acetate  of  lead  gives  a  red  solution  which  gradually  deposits  red  crystals  which  are  not 
homogeneous. 

Silver-salts. — ^The  mono-arffsntic  salt,  C"H^AgNK)*,  is  obtained  when  a  rather 
dilute  solution  of  murexide  is  added  to  a  dilute  solution  of  nitrate  oi  silver  acidulated 
with  nitric  acid.  It  forms  crystals  resembling  those  of  the  ammonium-salt ;  it  gives 
off  its  water  (6*71  per  cent)  at  100^. 

A  di-ifrffeniie  salt,  G^'Ag'NK)',  is  obtained  as  a  brown-red  powder  by  predpitating 
a  cold  saturated  solution  of  murexide  with  nitrate  of  silver.  With  ammoniacal  nitrate 
of  silver,  murexide  yields  a  deep  violet  precipitate  containing  CH*Ag'NK>*.2Ag*0. 
(Beilstein.) 

A  solution  of  murexide  is  coloured  yellow,  but  not  precipitated,  by  trichloride  of 
gold  or  tetrachloride  of  platinum.    (Beilstein.)  F.  T.  C. 

TBCfpiurpwmtmm.  G^«2iNK)<  (iii.  488).— These  salts,  produced  by  the  action  of 
cyanide  of  potassium  (and  other  cyanides)  on  picric  acid,  have  the  same  composition 
as  the  purpurates,  and  resemble  tnem  very  closely  in  their  properties ;  indeed  isopur- 
purate  of  ammonium  is  undistinguishable  from  murexide,  tani  according  to  £.  Iu>pp 
may  be  used  for  dyeing  in  the  same  way  as  the  latter. 

KetApiivpiinitea,C;^*MN«0*.  (Pfaundler  and  Oppenheim,  Bull.  Soc  Chim. 
1866,  ii.  99.)--The  potasskmrsalt,  C*H*ENK)«,  is  produced  by  the  action  of  cyanide  of 
potassium  on  dinitrophenic  acid,  and  differs  from  the  purpurate  or  isopurpurate, 
G*H*KNH)*,  in  the  same  manner  as  dinitrophenic  acid  diners  from  trimtrophenic 
(picric)  add,  that  is  to  say,  by  containing  1  at  hydrogen  more,  and  1  at  nitiTl  lees. 
It  is  prepared  by  dropping  a  solution  of  potassium-cyanide  heated  to  60°  into  an 
aqueous  or  alcoholic  solution  of  dinitrophenic  add,  and  separates  on  cooling  in  the 
form  of  a  very  dark-coloured  crystalline  powder.  It  may  be  purified  by  washing  with 
a  small  quantity  of  cold  water,  recrystallisation  frt>m  warm  water,  then  pressing  it  in 
a  cloth  and  diying  over  oil  of  vitriol.  When  moist  or  in  solution,  it  is  very  unstable, 
being  decomposed  at  the  temperature  of  the  water-bath,  but  if  once  dried  in  the  air,  it 
may  be  heated  to  100^  without  decomposition;  at  tJiat  temperature  it  retains  1  at 
water  of  crystallisation,  which  it  gives  off  (7*31  per  cent.)  at  150°. 

The  solution  of  this  potasdum-salt  gives  dark-brown  precipitates  with  most  metallic 
solutions  and  with  the  chlorides  of  banum  and  strontium .  The  sUtfor-salt,  C*H*AgN^O* 
which  is  red  and  has  a  green  metallic  lustre,  obstinately  retains  a  portion  of  the 
potassium-salt  used  in  its  preparation. 

or  vmtVUmAMZSB.    (Stenhouse,  Ptoc.  Boy.  Soc  [1863] 
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zii.  638;  ziii.  146. — Schiitzenberger  and  Sohiffert,  Boll.  8oc.  indnstr.  de 
Mulhouse,  1864,  p.  70 ;  Jahresb.  1^64,  p.  643.) — ^A  product  formed  by  the  action  of 
ammonia  on  purpimn.  A  recently  prepared  solution  of  pnrpiirin  in  ammonia  deposits 
purpnrin  unaltered  on  addition  of  hydrochloric  acid ;  but  if  left  to  itself  for  a  day  or 
neated  to  100^,  it  yields,  on  addition  of  hydrochloric  or  dilute  sulphuric  add,  a  oark 
yiolet-ooloured  precipitate,  which  dissolves  in  alcohol  with  deep  yiolet  colour,  and  sepa- 
rates therefrom  in  crystals  resembling  murezide  (SchiitEenberg  and  Schiffert) ; 
in  dark  crimson  microscopic  needles,  auiibiting  a  fine  iridescent  green  colour  by  reflected 
light.    (St  en  house.) 

Stenhouse  designates  this  substance  as  purpurem  (from  its  analogy  to  orcein),  and 
represents  it  provisionally  by  the  formula  C**W*NK>^* ;  Schiitzenberger  and  Sdiiffert 
regard  it  as  purpuramide,  and  as  formed  from  purpuiin  (to  which  they  assign  the 
formula  (PH'W),  according  to  the  equation,  C"H'H)»  +  NH«  -  H«0  =  C*H»NO«. 


According  to  Stenhome. 


According  to  Schtitgenberger  mod 
Schiffert. 
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The  analytical  results  leave  no  doubt  as  to  the  identity  of  the  two  products.  The 
formula  proposed  by  Schiitzenbeiger  and  Schiffert  is  perhaps  the  more  probable  of  the 
two  f  provided  their  formula  of  purpurin  is  correct),  though  it  does  not  agree  quite  so 
closely  with  the  analysis  as  the  other,  and  moreover  the  compound  has  not  been  shown  to 
possess  the  characters  of  an  amide.  Stenhouse  regards  the  formation  of  his  purpurein 
as  analo^us  to  that  of  oroem  from  ordn  (p.  211),  that  is  to  say  as  depending  on  the 
joint  action  of  ammonia  and  oxygen  (he  exposed  a  solution  of  puipurin  in  dilute 
ammonia  to  the  air  for  about  a  month,  renewing  the  water  and  ammonia  as  they 
evaporated);  but  according  to  Schutzenberger  and  Schiffert,  the  formation  of  the 
ammoniacal  compound  of  purpurin  does  not  depend  on  oxidation,  the  same  product 
being  obtained,  and  more  quickly,  when  the  ammoniacal  solution  is  heated  to  100^  in 
a  closed  vessel.  It  must  be  observed  also  that  Stenhouse's  purpurein  was  obtained 
from  purpurin  prepared  f^m  madder  by  £•  Kopp's  process  (iii.  749),  which,  according 
to  Schutzenberger  and  Schiffert,  is  not  a  definite  product  (see  Fubfubin). 

Purpurun  or  purpuramide  is  nearly  insoluble  in  sulphide  of  carbon  and  in  cold 
dilute  acids,  slightly  soluble  in  ether  and  in  cold  water,  more  easily  in  hot  water,  very 
easily  in  alcohol  and  in  dilute  aqueous  alkalis.  From  its  solution  in  cold  concentrated 
sulpnuric  acid,  it  is  precipitated  by  water  in  its  original  state.  Its  solution  in  ether  oz 
in  alcohol  containing  acetic  acid  exhibits,  according  to  Stokes,  absorption-bands  r&. 
sembling  those  of  purpurin  in  character,  but  differing  in  situation. 

The  aqueous  solution  of  purpurein  is  precipitated,  like  that  of  orcein,  by  chloride  of 
Boditim,  It  forms  a  red  precipitate  with  chloride  of  zinc,  purple  gelatinous  with  mer^ 
curie  chloride,  dark  brown  with  mtrate  of  silver.  It  dyes  silk  and  wool  a  fine  rose-red 
or  amaranth-red  without  the  aid  of  mordants,  but  mordanted  vegetable  fabrics  are  not 
permanently  coloured  by  it 

The  solution  of  purpurein  in  aqueous  alcohol  gives  with  bromine-ioaterf  a  yellow 
amorphous  precipitate,  and  the  evaporated  filtrate  deposits  on  cooling  a  small  quantity 
of  a  brown  resinous  powder.  A  solution  of  purpurem  in  nitric  acid  of  specific  gravity 
1*36,  deposits  on  coohng,  scarlet  prisms  of  nitropurpurein,  insoluble  in  water,  ether 
and  sulphide  of  carbon,  nearly  insoluble  in  alcohol,  but  soluble  in  hot  nitric  acid. 
(Stenhouse.) 


See  GoBALT-BA8B8,  AHUOKIACAL  (t  1062). 

Pmunnuo  AOZD.    See  PuBFUSATBB  (p.  747). 

WUM9UMXMm  O'H'O'  according  to  Debus  and  Stenhouse ;  C;*"H"0'  according  to 
Schutzenberger.  OxyUgaric  acid  of  Debus ;  Madder^purple  of  Runee ;  Matiire  color- 
ante  rose  of  Gatdtfaier  de  Claubry.  (Colin  and  Bobiquet,  Ann.  Ch.  Phys.  [2]  xxxiv. 
244.— Gaulthier  de  Glaubry  and  J.  Persoz,  ibid,  xlviiL  69. — Persoz,  i^.  li. 
110.— Runge,  ibid,  Ixiii.  282.— J.  Schiel,  Ann.  Ch.  Fharm.  li:.  74;  Vehua,  ibid. 
Ixvi.  861;  Ixxxvi.  117.— Wolff  and  Strecker,  ibid.  Ixxv.  1.— Rochleder,  ibid. 
Ixxx.  321;  Ixxxii.  206.— Stenhouse,  Proc.  Roy.  Soc  xii.  633;  xiii.  146.— Schiit- 
zenberger and  Schiffert,  Bull.  Soc.  industr.  de  Mulhouse,  1864,  p.  70;  Jahresb. 
1864,  p.  642. — SchHtzenberffer,  Bull.  Soc.  Chim.  1866,  ii.  12.) — ^A  red  colouring 
matter  extracted  from  madder  by  the  same  processes  as  alizarin  (i.  113 ;  iii.  742),  and 
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ited  thenfrom  bj  iti  smter  wdnbUitr  in  alum-Iiqiior.    Debus  prepim  it  hf 

(iliiig  dilnte  rolphnrie  add  to  the  alum-eonitionfl  from  wfakh  the  alisariii  has  b^»- 
rated  by  oooling,  and  boUs  the  pfceipitate  which  fonna  after  IS  or  14  boon,  with 
dilute  hydrochloric  add,  to  free  it  from  alamimL  It  ia  then  waabed  with  water  and 
leciTatailiBed  from  alcohoL    For  other  prooeBsea,  aee  Ofitdim's  Handbook  (xiiL  336). 

R  Kopp  extraeta  pnnnirin  from  madder  by  macerating  the  gioond  root  in  dilute 
aqneona  snlphniona  ada,  mizinff  the  filtrate  with  anlphorie  add,  and  heating  tiie 
liquid  to  30^  or  AXP  (iii  749).  Bnt  according  to  Schutaenbeiger  and  SehifRnt,  the  red 
or  orange-oolonred  flakea  thna  predpitated  are  not  a  definite  compound,  but  may  be 
aeparated,  by  the  aooceanTe  nae  of  alcohol  and  benaene,  into  porpozin  or  ozyaliaarin, 
C*H'K)',  paendoparpnrin  or  triozyalizarin,  C^H^H)*,  an  orange-iw  colooring  matter, 
eondatiqg  of  hydrate  of  pnrparin,  C^H'^O*,  and  a  yellow  colooring  matter,  C**H**0*, 
iaomerie  or  polymeric  with  aliaarin  (p.  761^ 

Stenhonae  a  method  of  extracting  puponn  from  East  Indian  madder,  or  mnx\jeet»  is 
described  under  Mukjistim  (iiL  1061). 

Fuparin  ezhibita  aome  diTersity  of  phvncal  ^pertiea  according  to  the  dreom- 
atancea  dt  ita  preparation.  From  strong  alcohol  it  ciystallises  in  r«Sl  needles ;  frmn 
weak  alcohol  in  soft  slender  orange-coloured  needles  containiiw  4*8  per  cent  water, 
(CH*0*.iHH)),  which  they  give  off  at  100^  assuming  a  zed  colour  (Wolff  and 
8 tracker).  According  to  Schiitaenbeiger  and  Schiffert,  the  anhydrous  compound 
eiyatallises  from  hot  alcohol,  the  hydrate  from  cold  alcohol  (p.  751).  The  anhydrous 
compound  melts  when  heated,  and  sublimes  with  partial  decompodtion,  leaTing  a  car- 
bonaceous residue.  Respecting  the  optical  characters  of  ita  solutions,  see  Ia}kt 
(iii  638,  footnote). 

The  compodtion  of  anhydrous  purpurin  is  variously  stated  by  DebuB  and  by  Sten- 
house  on  the  one  hand,  by  Schtitsenbeiger  and  Schiffert  on  the  other. 
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The  purpurin  analysed  by  Debus  was  obtained  frfxm  ordinaiy  madder  by  the  process 
above  described ;  that  of  Stenhouse  from  muigeet ;  that  of  Schiitsenbeiser  and  Schiffert 
from  the  crude  purpurin  prepared  by  R  Kopp's  process,  b^  eztracbon  with  hot  al- 
cohol. The  formula  they  assign  to  it  represents  it  as  oxyaliaann,  alizarin  being  regarded 
as  C"H«0«. 

Purpurin  is  more  soluble  in  foater  than  alizarin,  and  forms  a  reddish  sohition.  It 
dissolves  also  in  alcohol  and  in  ether ;  the  alcoholic  solution  is  redder  than  that  of 
Mlimriii.  It  is  eadly  soluble  in  a  boiling  solution  of  a^m,  forming  a  liquid  of  a  beauti- 
ful pink  colour  with  yellow  fluorescence,  and  remains  dissolved  after  cooling,  whereas 
alizarin  ia  depodted  from  the  same  solution  on  cooling.  OH  of  vitriol  and  fumtna 
ttdjpkuric  aeia  also  dissolve  purpurin,  the  latter  decomposing  it  when  heated  to  200^ 
It  IS  less  easily  attacked  than  alizarin  by  nitric  acid;  on  boUinff  the  liquid,  phthalie 
and  oxalic  adds  are  formed.  Purpurin  dissolves  in  caustic  alhmis,  and  at  the  boiling 
heat  in  aodio  carbonate,  with  cheny-red  or  bright  red  colour,  whereas  alizarin 'forms 
blue  solutions.  The  alkaline  solutions  of  purpurin  decompose  on  exposure  to  the  air, 
the  colour  of  the  liquid  changing  from  bnght  red  to  reddish-yellow,  and  ultimately 
disappearing  almost  entirely,  aftw  which  purpurin  can  no  longer  be  detected  in  the 
liqmd :  alinrin,  on  the  other  hand,  suffers  no  such  decom|)odtion  (Schunck)u  These 
characters,  together  with  the  peculiar  spectrum  formed  by  its  solutions,  suffidently  dis- 
tinguish i^urpurin  from  aHzann. 

Purpurin  dissolves  in  ammoniat  and  the  solution,  after  exposure  to  the  air,  or 
after  being  heated  to  100^  in  a  dose  vessd,  depodts  purpureSh,  on  addition  of  aoda 
(p.  749). 

An  alcoholic  solution  of  purpurin  forms  with  acetate  of  lead  a  purple  predpitate 
containing  46*6  per  cent,  lead-oxide,  agreeing  a^roximately  with  the  ibrmuli^ 
5C»«H»«Fb"0«JPb''O,  which  requires  46*7  per  cent.    (Wolff  and  Strecker.  Debus.) 

Compounds  of  purpurin  with  potash  and  soda  are  obtained  as  nearly  black  crystal- 
line predpitates,  on  mixing  the  alcoholic  solutions  of  purpurin  and  the  alkalis.  On 
heating  these  compounds  to  150^  with  ethylic  iodide  and  alcohol,  red  crystalline  grains 
are  obtained,  slightly  soluble  in  alcohol  and  consisting  of  ethylpurpurin  C*'H'*0'a 
C»H"(C^*)0' (analyds  66-82  per  cent  C  and  4-51  H;  calc  67*34  C  and  4*08  H). 
(Schntzenberger  and  Schiffort.) 
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(hmpounds  (Attained  from  Emile  ^SJoja^i  *'  puTpurin  ^  by  ike  action  of  9olv0nts 
(Schntsenberger  and  Schif  fert).  TkoB  crade  pmpurin  is  partiaUy  Boluble  in  cold 
alcohol.  The  insoluble  portion  contains:  a.  Parpnrin  or  oxyslisarin  C*H"0% 
which  dissolves  in  boiling  alcohol ;  and  0.  Psendopnrpnrin  or  trioxyalizarin 
C^^H^'O*,  which  is  insolnble  in  boiling  alcohol,  bnt  dissolves  in  hot  bennne  and 
crystallises  therefrom  in  slender  brick-red  needles.  The  cold  alcoholic  extract  con- 
tains: 7.  An  orange-red  oolooring  matter,  consisting  of  hydrate  of  purpnrin 
C^H^'O*  »  C*Hi*O'.2H'0 ;  and  S.  A  yellow  oolonxing  matter,  isomeric  with  alizarin 
C^H^'O*.  The  latter  is  soluble  in  benzene;  the  former  is  insoluble  in  that  liquid,  but 
dissolves  very  easily  in  alcohol,  and  separates  therefirom,  sometimes  as  a  curdy  mass, 
sometimes  in  orange-red  laminae. 

The  centesimal  composition  of  the  three  last-mentioned  products,  as  determined  by 
analysis,  is  as  follows : 

^fdnUe  (^  Purpmrim.  Ytttow  Colomrimg  nuUier, 

Mean  of 
Calb       Anal.  Calc.        Anal. 

C"      60      69-93  C»      68-96      67'90 

H»«        4        4-13  H«        3-44        855 

O*       86      35-94  0*       27*60      28*55 

100     100-00  100-00     100-00 

Pseudopurpurin  and  hydrate  of  purpurin  are  converted  into  purpuriu  by  sublima- 
tion (leaving  a  considerable  residue  of  charcoal}  or  by  heatmg  with  alcohol  to 
180°— 200°. 

The  yellow  colouring  matter  sublimes  almost  without  decomposition.  It  may  be 
produced  firom  jmrpunn,  pseudopurpurin  or  hydrate  of  purpurin,  by  heating  to  180^ 
with  water  and  iodide  of  phosphorus,  or  more  easUy  by  the  action  of  stannous  chloride 
on  a  boiling  alkaline  solution. 

Purpurin,  pseadopurpurin,  and  hjdrate  of  purpurin  impart  to  mordants  colours 
resembling  those  of  alizarin ;  the  tmt  communicated  by  them  to  alumina-mordants 
is  more  reddish,  and  without  blue  reflex.  The  colours  produced  on  tissues  by  pur- 
purin and  its  hydrate  rraist  the  action  of  boiling  soap- water  tolerably  well,  whereas 
those  fonned  by  pseudopurpurin  are  completely  destroyed  thereby.  The  resistance  is 
therefore  nearly  m  inverse  proportion  to  the  amount  of  oxygen  in  the  colouring  matter. 
The  yellow  colouring  matter  produces  with  alumina-mordant  a  rather  dull  yellow, 
which  is  destroyed  by  soaping  and  by  immersion  in  a  bath  of  stannic  chloride. 
(Schiitzenberger.) 

r<la    Syn.  with  PoBPOBuro  (p.  691). 

A  yellow  colouring  matter  imported  into  Europe  from  India  and  China 
in  round  lumps  weighing  three  or  four  ounces,  brown  on  the  outside,  of  a  deep  orange- 
yellow  colour  within,  and  exhibiting,  according  to  Erdmann,  a  crystalline  structure. 
Respecting  its  origin,  various  and  contradictory  statements  have  been  made.  Accord- 
ing to  most  authorities  it  is  of  animal  origin,  and  is  deposited  from  the  urine  of  camels, 
elephants,  and  bufialos,  especially  after  the  animals  have  eaten  certain  plants  (th^ 
frmt  of  Mangogtana  mangier  for  example) ;  according  to  others,  it  is  an  intestinal  or 
biliary  concretion  of  the  same  animals :  Stenhouse,  on  the  other  hand,  supposes  it  to  be 
a  vegetable  substance  prepared  by  evaporating  down  a  vegetable  juice  mixed  with 
magnesia.  Its  peculiar  odour  resembling  that  of  castoreum  is,  however,  in  fiEivour  of 
the  former  supposition. 

Purree  serves  for  the  preparation  of  Indian  yellow,  a  fine  rich  durable  yellow 
colour  much  used  both  in  oil  and  water-colour  painting,  and  consisting  mainly  of 
euxanthate  of  magnesium  (see  EuxAitrmo  Acid,  ii.  609) ;  according  to  VTagner,  it  also 
contains  alumina.  Indian-voUow  being  somewhat  cosdy  is  often  adulterated  with 
cheaper  yellow  pigments,  chrome-yellow  for  example.  According  to  M.  Haro,  jun.,  a 
colour  maker  in  Paris,  pure  Indian  yellow  bums  like  amadou,  leaving  a  comparatively 
small  residue,  whereas  the  adulterated  article  bums  more  slowly,  and  leaves  a  larger 
residue.    {CMmie  des  Cotdeurs,  par  J.  Lefort,  Paris,  1855.) 

[O  ACXB.    Syn.  with  Euxajcthic  Aged. 

ro VBi    Syn.  with  Extxanthoioi. 

A  pathological  product^  the  result  of  certain  diseased  actions  of  the  animal 
body.  Typical  pus, "  laudable  **  pus,  is  a  thick  yellowish  liquid  of  the  consistency  and 
appearance  of  cream,  but  its  physical  and  chemical  characters  vary  exceedingly  ac- 
cording to  the  kind  of  tissue  from  which  it  comes  and  the  nature  of  the  disease  giving 
rise  to  it.  Its  reaction  is  generally  alkaline,  but  sometimes  neutral  or  acid.  It  con- 
sists of  pus-corpuscles  floating  in  a  pus-serum ;  the  separation  of  the  two  by  filtration, 
though  tedious,  is  practicable. 
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The  pKotein-oonscitaeDti  of  pus  have  been  as  yet  but  imperfectly  itadied.  The  senun 
contains  an  albumin  appaiently  identical  with  that  of  bkwd-eeram,  together  with 
globulin  or  myosin.  From  the  oorposdes  also  may  be  obtsined  a  sabetanee  possessing 
some  bat  not  all  of  the  leaetions  of  myosin  (Hoppe-Seyler,  Phys.  Ghem.  Analyse, 

LS68).  In  many  but  not  all  roecimens  of  pas  may  oe  fonnd  the  so-callsd  ^y  i  n«  wbkh 
I  the  following  reactions.  It  is  preeipitated  firom  its  solutions  by  acetic  acid,  the 
precipitate  beinff  insoluble  in  excess  of  tke  reagent.  Nitric  and  hydrochloric  adds  give 
precipitates  readily  solnble  in  excess.  Ferro^yanide  of  potassium  produces  no  precipitate 
m  the  hydrochloric  acid  solution.  A  solution  of  pyu  is  unaltered  by  boiling.  'Pjin. 
dosely  resembles  mucin  (said  to  be  found  in  pus  from  mucous  membranes),  diifisri^g 
from  it,  however,  in  bein^  precipitated  by  mercaric  chloride  and  neutna  acetate  of 
lead.     Gelatin  and  cbondrm  haye  been  found  at  times  in  pus. 

Among  the  &tty  bodies  always  present  in  pus  may  be  mentioned  cholesterin,  olein, 
pslmitin  {the  last  two  also  in  combination  with  alkalis),  cerebric  and  fflycero-phoe- 
phoric  acid.  According  to  Fischer  (Med.  Cblt.  1866,  p.  226\  the  only  fatty  body 
Desides  eholesterin  in  good  fresh  pus  is  protagon,  whose  speeav decomposition  ^yee 
rise  to  the  rest  The  same  observer  also  states  that  butyric,  formic  and  valenanic 
acids  when  present  are  putrefactive  products.  Bodeker  found  in  specimens  of  pua»  a 
substance  called  by  him  cklt^rTodime  aeuL 

Sugar  and  urea  have  occasionally  been  found ;  and  leucine  may  be  regarded  as  a 
constant  constituent  unless  it  be  a  product  of  putrefitction  (Fischer).  Pus  from 
wounds  often  has  a  blue  colour,  very  distinctly  seen  when  dried  on  bandages,  &c ;  this 
arises  from  the  presence  of  Pyocyanin,  which  may  be  isolated  in  the  ^Slowing  way. 
Hie  bandages,  &e.  are  steeped  in  water  containing  a  few  drops  of  smmonia,  and  the 
resulting  green  liquid  is  filtered,  partially  evapomteid,  and  again  filtered.  The  filtrate 
is  shaken  with  chloroform,  which  takes  up  the  colouring  matter;  and  the  chlorofomi 
solution  is  treated  with  very  dilute  sulphuric  acid  until  it  turns  quite  red.  On  stand- 
ing a  red  aqueous  layer  separates  whicn  is  removed,  treated  with  caustic  bar^  until 
it  changes  to  blue,  filtered,  and  the  filtrate  again  shaken  with  chloroform.  The  blue 
chloroform  solution  is  allowed  to  evaporate  in  the  air.  I^oeyanin  crystallises  in 
needles  or  in  rectangular  flakes.  It  is  soluble  in  chloroform,  alcohol,  and  water,  with 
difficulty  in  ether.  Acids  turn  it  red ;  alkalis  restore  the  blue  colour.  Chlorine 
destroys  it.  After  the  separation  of  the  pyocvanin,  the  chloroform  retains  in  solution  a 
yellow  substance  called  pyoxanthose,  which  remains  on  leaving  the  solution,  pre- 
viously freed  from  fat,  to  evaporate  spontaneously.  It  is  sometimes,  though  rarely, 
obtained  in  groups  of  microscopic  needles.  It  is  yery  slightly  soluble  in  water,  more 
solnble  in  alcohol,  ether,  chloroform,  and  benzene.  Adds  turn  it  red,  alkalis  yiolet 
^Fordos,  Compt.  rend.  Ivi.  1128;  Jahresb.  1868,  p.  667).  W.  B.  Herapath  finds 
indiflo-blue  in  blue  pus  (Brit  Assoc  Trans.  1864,  p.  124). 

The  ashes  of  pus  consist  mainly  of  chloride  of  sodium,  with  alkaline  and  earthy 
phosphates,  alkaUne  carbonates,  sulphate  of  calcium,  and  oxide  of  iron. 

The  quantitatiye  analyses  of  pus,  as  mifiht  be  expected,  differ  widely.  The  following 
(Bibra)  may  be  taken  as  an  ayerage.  In  1,000  parts:  water  862,  solids  138,  where- 
of albumin  91,  fats  and  chdesterin  12,  extractives  29,  salts  9. 

Masse  (Simon's  Chem.  Syd.  Soc.  trans,  ii.  692)  thus  compares  1,000  parts 

Water . 
Solid  residue 
Organic  eonstitaents 
Chloride  of  sodium 
Carbonate  of  sodium 
Phosphate  of  sodium 
Sulphate  of  sodium 
Phosphate  of  calcium 
Carbonate  of  calcium 

M.  F. 

A  variety  of  lime  and  iron  epidote  ficom  the  Western  Ural, 

&IDOTI^    " 


Put-Mrum. 

Blood-Mi 

890-00 

906-6 

110-00 

98-6 

92-68 

86-7 

12-60 

4*6 

2-22 

1-4 

•82 

•H 

•18 

•2 

1-20 

0-7 

•90 

north  of  Katherinenburg.    (See  Efwotm,  ii.  490.) 


Ihitrafigira   BoxbwrakU,  an  East  Indian  plant,  yields  a  fat 

oil  melting  at  -fSI^^.    (Lepine,  J.  Phazm.  [8]  xL  16.) 


r.    See  Fkbmbttation  (ii.  623);  also  JJr^»  Dictionary  of  ArU, 
tc.  (iii.  648). 

A  massive  subcolumnar  variety  of  topaa  (q. «.) 
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An  mshrnment  for   detAnmning  tha  specific  gimTitiet  of 
aSrated  mineral  waters.    (Fresenius,  Zeitechr.  AnaL  Chem.  L  178.) 
WTCmWMOWm    See  SnRPBiitnre. 
See  Pus. 

I     See  Pus  (p.  762). 

LOZn.    Sjn.  with  Itaconic  Acid. 

The  name  of  a  series  of  deoomposition'products  of  angite  and 
occasionally  of  hornblende,  consisting  mainly  of  map^esian  hydrosilicates.  Thej 
blacken  when  heated,  then  bum  white  if  in  contact  with  the  air,  and  giye  off  water 
havinff  an  empyrenmatie  odonr,  due  to  the  presence  of  organic  matter.  When  Tezy 
stron«.y  heated  before  the  blowpipe,  they  become  rounded  on  the  edges  only.  The 
p^yrallolite  of  Stor;gg8id  is  eonvertoa  by  strong  sulphuric  acid,  with  incipient  tumefac- 
tion and  decomposition  of  the  organic  matter,  first  into  a  reddish,  then  into  a  black 
powder.  The  same  decomposition  appears  to  be  produced  also  by  dUute  sulphuric  acid, 
for  the  mineral  alter  being  treated  with  it»  is  no  longer  blackened  by  tbe  strong  acid. 

PyraUolites  have  been  analysed  by  Nordenskiold  (Schw.  J.  zzxi.  886),  Arppe, 
Furuhjelm,  Buneberg  and  Selin  (AnaL  af  Finsk.  Min,  p.  36),  and  Bischof 
{Lekrbuek  d,  Chem.  Geohg,^  I  616). 

a.  From  Kullakalkbruch :  Kimite.  Green  or  blue*ffreen ;  partly  still  exhibiting 
distinct  augite  structure.  Spedfio  gravity  «*  2'7>  Harobess  *b  3 — 4  (Rnnebers). — 
6.  TakTedAolm,  in  oalcspar.  Green ;  fibrous.  Spedfio  grayity  «  2'70.  Hardness 
B  3—4  (Arppe). — c,  Skr&bbole,  in  quarts.  Green,  fibrous  or  granular.  Specific 
gravity  —  2*73.  Hardness  ■■  2 — 8  (Arppe). — d.  Haapakyla;  greenish,  loosely  gran- 
ular aggregate  in  calospar.  Specific  grayi^  a  2*61  (Arppe). — e.  Kullakalkbruch; 
white,  with  augitic  structure,  mrdness  s  3--4 (Arppe).—/.  StozgSrd,  Pazgas  TNor- 
denskiold. — •g.  FrugSrd;  light-brown  or  yeUow-grey  columnar  masses  cleaTable  in 
one  direction.  Specific  gravity  »  2*66.  Hardness  ■«  3 (Arppe). — h.  Kullakalkbruch; 
white,  earthy  (Selin). — t.  From  the  same;  greenish-white,  eaithy  (Furuhjelm). 

a.           ft.             tf.  4.  r.            /.            g,            h.  I»  k* 

Allka     .       .       .  4888  66 17  M-M  57*49  66-9  8C>6S  68^87  68*87  (NM8  7e'9S 

Alumfna       .       .    0*48         1*18         1*66  1*11  1*4         8-88         0'84  1*79  0*87  1*79 

Magneste      .       •  84*71  8*86  96*19  80*06  98*7  9388  98*19  18-89  18*77  11*66 

I.ime     .                .  iU>69  6*88  6*84  8iN>  8*9         6*58         8*74  11 -79  5'63  9*86 

Frrroas  oxide      .    1*66  91'46  1*86  1*S6  CrB         0*89         9*18  0*67  1-AS  0*79 

M  aogaiiooi  nzida     6-76  0  08         1-68  0*68  •    •         0-99 

LoMfstlOOO ''^i       7*86         8-78         6-48       f*^ 

^'^toulfnitkm.  19-88         9*16         7*86         7-30         8-6         6*48  j      ^^        '"         '**      |4-0» 

^^^^^^^■M  ^^p»v^Bi^a«  ^P^^^^^^M  ^•^^•^■w^  riWtaw^^^  ^■^^i-.^Ms  M^MM^^^a^^  «^^^    mi^m^  m  ■  ..      , 

99*41      100*17      101-08      100*80       100*0       99*90      100*64      100*19       99'66      100-06 

These  analyses  appear  to  indicate  a  mdual  transition  from  the  composition 
MK>.SiO'.HK)  to  MH).4SiO>.HK),  the  silica  being  partially  also  repUced  by  alumina. 

Syn.  with  Kermesite  or  Bed  Antimony  (iii.  446). 

A  silicate  occurring  in  the  granite  of  Helsingfors,  Finland, 
in  prismatic  forms  with  indistinct  deayage.  Hardness  s*  8*6.  Spedfio  graTity  « 
2*6.  It  is  partly  black  or  bluish,  liver-brown  or  dull  wd^  with  a  dull  resinous  lustre ; 
has  an  aigulaoeons  odour.  Inftisible  before  the  blowpipe,  but  becomes  slightly  glazed 
in  a  strong  heat.  Soluble  in  hydrochloric  acid.  Ckmtains^  according  to  ^ord ens* 
kiold's  analysis  (Ben.  Jahresb.  1833,  p,  174) : 

8IO«.  A1«0>.       Fe«0».        MgO.         K"0.         N««0.         H»0, 

43*93        28-93         6*30         2*90         106         186         16*47     -     99*48 

^6  mineral  may  be  regarded  as  an  altered  dlchroite  (ii,  320),  containing  }  of  the 
strong  bases  of  that  mineral.    (B  i  ac  h  o  f .) 

mt  ft  mfTltTTH  Dark-red  aUver  ore,  Bttby  sUtfer,  Black  ailver,  Aerosite, 
Argyrytkroae,  VunkUs  Bot^Hliiaerg,  AnHmonsHberblende,  Argent  antimimii  ttd/uri, 
Aryentwn  ru6r«fii.^NatiTe  sulphantimonite  of  silver,  occurring  in  rhorobohedral  ciys* 
tals,  in  which,  for  the  rhombohedron  R,  the  principal  axis  ■■  0*7946,  and  tbe  angle 
R  :  R  in  the  terminal  edm  »  108^  20'.  The  crystals  are  chiefly  prismatic,  fom^ 
by  the  combination  of  ooF2  with  R  and  other  rhombohedions  ana  scalenohedrous. 
(For  figures,  see  Dana,  ii.  77,  78.)  Cleavage  rather  imperfect  parallel  to  R.  Twins 
are  of  frequent  occurrence.  The  mineral  is  also  found  massive,  with  granular  strac* 
ture,  sometimes  impalpable.  Hardness  »  2—2*6..  Spedfic  gravity  -  6-7— 69. 
Translucent  to  opaque,  with  metallic  adamantine  lua^^  and  black  colour,  sometimes 
appioaching  to  codiineal-red.  Streak,  cochineal-red,  Fiacture,  conchoi'daL  Sectile, 
yidding  readily  to  the  knife.  Before  the  blowpipe  it  melts  and  givra  out  ftimes  of 
antimony,  and  on  charcoal  ultimately  leaves  a  globule  of  silver.  Pissolves  in  bo^ 
nitric  add,  leaving  sulphur  and  antimonioua  oxide. 
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AntUgmi  .'—•,  From  Andnasbenr  is  the  Huti  (Bonidorf,  Sebtr.  J.  xadr,  2$9f. — 
h,  Fiom  Mezioo  (Wohler,  Ann.  Ch.  Phann.  zxrii.  157).~«.  f^m  the  Mnlaroeh^ 
Bune  near  ZaoUecu  in  Mexico.    (Bottger,  B^mm,  IHmenUeh.  p.  83.) 


■   ■   - — ^ 

•• 

k. 

«. 

8» 

96 

17-77 

17-78 

18-0 

17-76 

8b 

120 

22-28 

28-26 

81-8 

24-59 

A«* 

824 

69-96 

68-96 

60-2 

67-45 

Ag*8b8*     640  100-00  100-00  10000  99-80 

The  fbmnila  nnj  alto  be  written  SAg'S.Sb^. 

Pyffcrgjrite  oecun  also  in  Sazonj,  Norwaj,  Hnngaiy,  at  Guadalcanal  in  Spain,  and 
in  Cornwall.  In  Mexico  it  is  worked  extenaiTelj  as  an  ore  of  siJTer.  A  light-rgd 
tUwrare  ftom  Andraasberg  was  f>ond  by  Zincken  to  be  free  from  ^nenic.  A  grej  oiw 
from  the  same  locality  contains  both  arsenic  and  aBtimony,  and  may  be  miaigfiit* 
(iii.  1010). 

Pyrargyrite  oeenrs  like  pronstite  (p.  789),  changed  to  BilTe^glance^  Ag*S,  also  to 
pyrites.    (Dana.) 

WWMWDLMXM*  A  name  applied  by  Beivelins  to  the  mobile  oil  obtained  hf  di«- 
tilling  with  water  several  of  toe  empynmmatio  oils  resulting  from  the  diy  iSstmation 
of  organic  bodies,  snch  as  oil  of  wax,  amber,  bon^  &c 

WWmMKsSTMm  A  Tariety  of  iron*lime-gamet  (ii  772X  bbdE  or  greyish-blaek; 
often  with  semiometallic  Instze. 

nmswa.  C**H>*?  (Laurent,  Ann.  Ch.  Fhys.  [9]  farri.  186.)— A  eiystanioe 
hydrocarbon,  obtained,  tc^ther  with  chrysene,  by  the  dry  distillation  of  fiits,  resins, 
and  coaL  To  prepare  it,  the  ethereal  liquid  which  has  snred  for  the  extraction  oi 
dirysene  (i.  968),  is  exposed  to  the  temperature  of  a  freecing  mixture ;  the  pyrene  is 
then  deposited  in  the  crystalline  state. 

pyrene  oystallises  from  alcohol  in  mieroseopic  riiomboidal  laminae,  reiy  mudi  like 
anthracene.  It  is  tasteless,  inodorous,  insolnole  in  water,  slightly  soluble  in  alcohol 
and  in  ether;  melts  between  170^  and  180^,  and  soUdifles  in  a  crystalline  foliated 
maau  At  a  higher  temperature  it  volatiliBes  without  deeompositioii.  It  is  carbonised 
by  sulphuric  acid.  It  gaye  by  analysis  93*18  percent  carbon  and  6*11  hydrogen} 
the  formula  C^H"  requires  93*7  carbon  and  6-3  Hydrogen. 

IHnitropyrtns,  C^H^^KO')',  is  formed  by  the  action  of  warm  nitric  add  on  pyrene/ 
as  a  thick  brown  oil,  which,  afrer  washing  with  water,  dries  up  to  a  yery  brittle  resin 
haying  the  colour  of  gam]x)ge  but  redder ;  it  melts  in  boiling  alcohol. 

nunsnr.  This  name  was  giyen  by  Farisel  to  a  soft  resin  extracted  by 
alcohol  and  ether  from  Radix  Pjfrethri,  which  howeyer,  according  to  Koene,  is  not  a 
definite  substance.  The  latter  ibund  in  the  root  0-26  per  cent  of  a  resin  insohible  in 
potash,  1-60  of  a  brown  acrid  oil  soluble  in  potash,  0*86  of  a  yeUbw  oil  soluble  in  potash, 
9-40  gum,  67*70  inulin,  7*60  salts,  19*80  yegetable  fibre,  and  traces  of  tannic  acid. 
The  two  oils  and  the  resin  together  constitute  PariseVs  pyrethrin. 

The  flower-heads  of  I^fret&ufn  eameum  which,  when  pulyerised,  fbrm  the  "  Persian 
insect-powder"  contain,  according  to  J.  Hanamann  (Vierteyahrsu  pr.  Pharm.  zii. 
622),  neither  a  narcotic  base  nor  santonin.  The  action  of  the  powder  is  probably  due 
to  a  pale  yellow  essential  oil,  which  has  a  pungent  odour,  produces  headache,  and  kills 
or  stupefies  small  insects. 

A  dingy  yariety  of  Sahlite.    (See  Atrom,  i.  474.) 

L  C»H*N.  (Anderson,  Ed.  Phil.  Trans,  xti.  4;  also  xx.  [2]  247; 
Phil.  Mag.  J.  [4]  ii.  267;  Ann.  Ch.  Pharm.  Ixxx.  66;  Jahrej^b.  1851,  p.  478. — 
C.Grev.  Williams,  Phil.  Mag.  J.  [4]  yiii.  24;  also  Ed.  PhU.  Trans.  xxLm  816; 
Chem.  Gaz.  Koy.  1,  1866,— Church  and  Owen,  Chem.  News,  ii.  146  ;  Phil  Mag.  [4] 
XX.  110.) 

A  base  discoyered  by  Anderson  in  his  inrestigation  of  bone-oil.  Subsequently  found 
by  C.  G.  Williams  amon^  the  bases  in  the  tar  obtained  by  distillation  of  the  bituminous 
shale  of  Dorsetshire.  Traces  of  a  base  haying  the  same  composition  were  obseryed  by 
C.  G.  Williams  among  the  alkaloids  produced  by  destructive  distillation  of  dnchonine. 
Found  by  C.  G.  Williams  in  coal  napbtha,  also  by  Church  and  Owen  in  the  tar  of  peat 
It  is  produced  artifidally  by  the  action  of  nascent  hydrogen  on  azodinaphthyldiamine. 
(Per kin,  Chem.  Soc.  J.  xyiii.  9.) 

Preparation. — ^Predsely  the  same  operations  are  necessary  as  in  the  case  of  picoline 
(p.  637),  except  that  in  the  fractional  distillation  the  portion  distilling  at  117^  is  to 
be  collected  instead  of  that  which  boils  at  140^. 
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Properties,— Tyn^an^  is  s  coloiirleBS  mobfle  liquid,  haying  a  most  powerful  and 
pecTiliar  odour  doselj  resembling  that  of  picoline,  and,  like.  Uiat  alkaloid,  luusiug  k 
bitter  taste  in  the  month  and  back  of  the  thioat.  It  fnmes  on  the  approach  of  a  rod 
dipped  in  hydrochloric  acid,  eyen  more  strongly  than  picoline.  Its  solntion  in  wate^ 
benayes  with  bleaching  powder  like  picoline.  Its  specific  ^yity  at  0°  is  0*9868.  It 
precipitates  the  salts  of  zinc,  iron,  manganese,  and  aluminium  in  the  cold,  nickel-salts 
onlj  on  the  application  of  heat,  and  the  precipitate  dissolyes  in  excess.  In  solutioni 
of  copper  it  ffiyes  a  pale  blue  precipitate,  soluble  in  excess  of  base  with  a  deep  blu« 
colour,  not  distinguishable  from  that  produced  by  ammonia.  It  has  a  strong  tendency 
to  form  ciystallisable  double  salts.  It  boils  steadily  at  about  117°.  The  density  of 
its  vapour  was  found  to  be  2*91 ;  theoiy  requires  2*734.  The  excess  of  the  e]^ri- 
mentai  oyer  the  theoretical  numbers  arose  ttom  the  presence  of  traces  of  picoline^ 
(Anderson.)  The  refractiye  indices  of  a  specimen  of  pyridine  from  Dr.  Hofmann's 
laboratoiT  were  found  by  Gladstone  and  Dale  to  be:— for  A,  1*4940;  D,  1*6030;  K 
1*6387,  the  temperature  at  the  time  of  the  experiment  being  21*6^. 

Pyridine  is  soluble  inwater  in  all  proportions,  and  is  difficult  to  obtain  absolutely  dry. 
(Anderson.) 

DeoomposUions. — ^Pyridine,  like  its  homolosiies,  is  exceedingly  stable  and  resists  the 
action  of  oxidizing  agents.  It  may  be  boiled  with  monohydrated  nitric  acid,  or  with 
chromic  acid  without  decomposition,  and  treatment  with  nitric  acid  is  to  be  resorted  to 
as  a  means  of  purification  wnen  the  base  is  contaminated  with  empyreumatic  matters 
(Anderson). — 1.  Chlorine  acts  on  pyridine  in  the  same  manner  as  on  picoline  (An- 
derson).'— 2.  When  bromine-water  is  gradually  added  to  a  solution  of  pyridine,  the 
liquid  becomes  muddy,  and,  as  the  quantity  of  bromine  increases,  an  abundant  preci- 
pitate appears,  and  collects  at  the  bottom  of  the  yessel  in  the  form  of  a  reddish  mass 
of  a  more  or  less  resinous  appoaranoe.  This  substance  is  insoluble  in  water,  but 
soluble  in  alcohol  and  ether.  When  boiled  with  water,  it  melts  and  emits  an  odour 
resembling  that  of  bromine.  Hydrochloric  acid  decomposes  it,  liberating  bromine. 
■Potash  decomposes  it  also,  Ubemting  the  basew  From  these  reactions,  Anderson  con- 
cludes that  the  substance  is  a  direct  compound  of  pyridine  with  seyeral  atoms  of  bromine^ 
Diy  pyridine  thvown  into  dry  bromine-yapour  solidifies  to  a  ciystaUine  mass  which 
dissolyes  in  water,  leaving  an  insoluble  matter  probably  analogous  to  the  compound 
produced  in  the  same  manner  by  acting  on  pyridine  or  piooline  with  dry  cmorine 
(Anderson). — 3.  When  pyridine  and  tincture  of  iodine  are  mixed  and  evaporated  to 
dryness  on  the  water-bath,  a  dark  brown  mass  is  left,  partially  soluble  in  water,  leaving 
some  brown  crystals ;  they  are  easily  decomposed,  ana  appear  to  be  similar  in  charac- 
ter to  the  iodine- compounds  of  the  fixed  bases.  The  watery  solution  contains  hydrio* 
date  of  pyridine  contaminated  with  a  basic  impurity  which  may  be  removed  by  animal 
charcoal     (Anderson.) 

Ptbidinb  salts.  HydrocUorate  of  pyridine^  C»H*N.HCL — ^When  hydrochloric  acid 
saturated  with  pyridine  is  evajiorated  on  the  water-bath,  the  syrupy  fiuid  on  cooling 
gradually  becomes  oonyerted  into  ia  hard  radiated  msss  of  crystais.  The  salt  deli- 
quesces in  moist  air.  It  sublimes  unchansed  at  a  high  temperature.  It  is  soluble  in 
aloofaol,  but  less  so  than  in  water ;  insolu Ue  in  ether.    (Anderson.) 

Acid  avlpkate  ofpyridme^  C*H*N.H*SO^ — ^Wben  sulphuric  acid  is  mixed  with  excesif 
of  pyridine  and  evaporated  oyer  the  water-bath,  a  deliquescent  crystalline  mass  is  left, 
soluble  in  all  proportions  in  water  and  alcohol,  but  insoluble  in  ether.    (Anderson.) 

Bydriodate  of  pyridine^  C*H*N.HI.  ^  Tabular  czystalsi  readily  soluble  in  alcohol  and 
in  water,  but  not  deliquescent.     (Anderson.) 

Hydrobromate  of  pyridine,  OH^K.HBr. — A  deliquescent  salt  obtained  in  acicular 
crystals  on  evaporatmg  its  solution.     (Anderson.) 

Nitrate  of  pyridine^  C*H*N.HNO*.— Easily  obtained  by  mixing  nitric  acid  and  py- 
ridine. If  the  add  be  concentrated,  and  the  base  diy,  or  nearly  so,  much  heat  is 
evolved,  and  the  mixture  solidifies  into  a  ma(<s  of  short  needles,  which  after  pressure 
between  folds  of  filtering  paper,  resembles  loaf-sugar.  The  salt  may  be  purified  by 
reciystallisation  from  water  or  boiling  spirit;  the  latter  is  to  be  preferred.  On 
cooling  it  is  depoeitfcd  firom  an  alcoholic  solution  in  fine  needles  an  inch  long,  even  when 
operating  on  a  very  small  scale.  Sometimes  it  is  obtained  in  short  thick  prisms.  It 
is  not  deliquescent,  but  extremely  soluble  in  water,  less  so  in  alcohol,  insoluble  in  ether. 
Heated  in  a  retort  it  melts,  and,  if  the  temperature  be  raised  gradually,  sublimes  in 
a  white  woolly  mass ;  but,  if  briskly  heated,  it  distils  in  the  form  of  a  thick  oily  liquid, 
which  solidifies  to  a  mass  of  acicular  crystals.  Heated  on  a  platinum  knife,  it  takes 
fire,  and  bums  with  great  brilliancy  and  a  rapidity  almost  amounting  to  deflagration. 
(Anderson.) 

Chloraurate  of  pyridine,  C*H*N.HCl.AuCl'.— A  fine  lemon-yellow  crystalline  powder,, 
immediately  deposited  on  adding  solution  of  chloride  of  gold  to  a  solution  of  hydro- 
chlorate  of  pyridine.    It  dissolves  readily  in  hot  water,  and  is  deposited  on  co^^ji ug 

3  c  2 


756  PTBITES-PYROCAMl'HBETIC  ACID, 

in  line  7«Qow  needlef,  little  tolvble  in  eold  vBt«r,  and  insoluble  in  akohol.  (A  a. 
derson.) 

aUorfjphimaU  rffgriS&M^  2(0»H'K.HC1)^**CH^-A  8olatio&  of  the  hTdroehlonfe 
of  prridine  mixed  with  eolntion  of  tetnchloride  of  platinam,  de^oata  fbtUned  pcism* 
eaeilj  ei^uble  in  boiling  water,  len  lolablc  in  alcohol,  insoluble  in  ether. 

FrodmeU  of  deonrnpotUkm  of  CkloroplmtinmU  of  Pyridme. — ^Wben  dikxopIsCinntr 
ef  pyridine,  free  fzom  ezcees  of  platinie  chloride,  is  diesolTed  in  hot  water,  and 
the  solution  iLept  boiling  for  five  or  six  daj%  it  is  entirelj  converted  into  a  sob- 
slanoe  resembling  sublimed  sulphur  in  appeannce.  It  in  innoluble  in  water  and 
acids,  but  is  decomposed  on  boiling  with  eolntion  of  hydrate  of  potassium,  pyridine 
being  evoired.  The  sulphur-like  U>dy  is  the  hydrochlorate  of  a  pTatinnm-base  analo- 
gous to  pUtinamine ;  it  nas  therefore  receiTed  the  name  of  ptaiino-^yruUne,  Its  for- 
mation osnsists  simply  in  the  expulsion  of  one  atom  of  hydiMhlorieaad  from  one  atoa 
«€  the  chlotoplatinate,  thus : — 

2(C»H»N  JCl)Pt«^Cl«    -     C»*H«Ptin.4Ha  +  fflCL 

If  the  boilinff  be  arrested  before  the  entire  conrersion  of  the  ehlotnplatinate  4a^  ihm 
4dt  just  described,  beautiful  shining  plates  are  deposited.  They  consist  of  a  double 
salt  formed  by  the  union  of  one  atom  of  the  dihydrocfalorate  of  platino-pyridine 
with  one  atom  of  the  original  platinum-salt.    (A  n  d  e  re  o  n.) 

When  chloroplatinate  of  pyridine  is  boiled  with  exoees  of  pyridine,  the  liquid 
becomes  dark  coloured,  and  on  eTuporation  to  diyness  in  the  water-bath,  and  addition 
of  water,  a  dark  solution  is  obtained,  and  a  ciystalline  residue  left,  lliis  substance 
is  the  hydrochlorate  of  another  platinum-base,  plaio90pyridm$f  analogous  to  platoa- 
amine.    The  salt  has  the  formula  (C*H«N)<JPt''Cl*  or  C7^H*PtN*^H0L 

SuUHtuHon-deritfaiives  ofj^fridine, 

MmRL^pniDiMB. — ^This  compoond  has  not  yet  been  examined. 

ETBTL-FTmnnin. — ^The  free  bases  of  this  class  nndeigo  decomposition  when  wnzmed. 
(See  EniTL-Ficouiin,  p.  639.) 

Hydriodate  of  Eikyt'pyridiins,  CH*N.HI. — Obtained  in  the  same  manner  as  the 
corresponding  picoline  base,  and  of  similar  properties. 

ChlorojUaHnaU  of  Ethyl^pfridiiu,  2(C'H^N j9[Cl)Pt**Cl^— BeantiAa  garnet-coloured 
vhomboidal  plates  with  beveiled  ed|^  easily  obtained  a  quarter  of  an  inch  in  dismeter, 
eren  when  operating  on  veiy  smell  quantitiee.    (Anderson.)  C.  G.  W. 


A  mineralogieal  name  indnding  Tariona  metallic  sulphides,  chiefl  j 
those  of  copper  and  iron. 

Arsenical  pyrites  Indndes  the  two  species,  leacopyrite^  FeAs*,  and  nurnkkely 
FeAs*.  FeS*  (yi.  868). 

Copper  pyrites  is  Cu»S.Fe»S«  (il  77). 

Iron  pyrites,  FeS*,  includes  the  yellow  or  cubic  speeiea,  and  white  iron  pyrites  gr 
nuucasite,  which  CEystallises  in  trimetrie  forms  (iii.  402).  Ysrietiee  of  the  latter  are : 
RadiaUd  pyriUs^  including  the  radiated  masses  and  more  simple  crystals ;  spur  pyriteB^ 
the  macled  oystals;  hepatic  p^ritea,  the  decomposed  Irrer-bxown  monometrie  oystaln 
origiaally  consisting  of  yellow  iron  pyrites,  also  certain  heaaffooal  peendonunphs ;  eoeJk^ 
eomh  pyrites,  the  crest-like  sggregations  of  mareasite;  oAtdar  pyrites,  the  ccdinlar 
psrieties  formed  by  the  decomposition  of  eiystals  of  gjiLeauL  whieh  contained  fllms  of 
pyrites  between  its  layers. 

Magnetic  pyritelB  or  pyrrhotin  is  generally  Fe*S* (iii.  402). 

Tin  pyrites  is  Cu^SnS*.Fe^).    See  Tnc 

Variegated  pyrites  or  erubescite  is  FeS.2Cu^  (ii.  78). 

The  native  sulphides  of  copper  and  iron  9re  extensively  used  for  the  extraction  of 
aalphur  and  the  manufacture  of  sulphuric  acid  (see  Bichardson  and  Watts'a 
C^^emical  Technology,  toL  L  Pt  3  and  Appendix). 

VTXO ACSno  SVnUT.    Syn.  with  AcsTomL 

VTBOAUKArnXO  ACI]>.  JSyn.  with  Phtbalic  Airsmnnn  (p.  631). 

Syn.  with  LopHnni  (iiL  733). 


vrmoCJMKVBmaTXO  ACIB.  C»«H'«0«.  (Schwanert,  Ann,  Ch.  Pharm. 
cxxviii.  77 ;  Jahresb.  1863,  p.  397.) — An  arid  produced  by  the  action  of  heat  on 
camphretic  acid,  one  of  the  products  of  the  action  of  nitric  acid  on  camphor. 
When  camphor  is  heated  with  10  or  12  pts.  of  nitric  add  of  specific  grarity  1-84,  the 
liquid  cohobated  as  long  as  any  action  goes  on,  the  product  freed  as  completely  as 
possible  by  repeated  eyaporation  from  camphoric  acid  (i.  730)  which  oystallieies  out,  and 
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fKim  Dicric  add,  and  the  ByrvLpy  mother-liquor  then  treated  with  10  pis.  of  cold  water, 

camphreticacid,  G**H*^0'  i*  ^       H*       I  ^'  diaeolrefl,  while  another  acid  remains 

behind.  To  pvrify  the  product,  the  filtered  solution  is  evaporated  till  the  residue  dis- 
solves oonpleCely  in  cold  water,  and  the  solution  is  fimctiooal^  precipitated,  either 
immediately  or  uber  neutralisation  with  ammonia,  with  neutial  acetate  of  lead,  which 
throws  down  the  zest  of  the  camphoric  acid,  together  with  a  third  acid.  The  solution 
filtered  from  these  lead-saJts  is  tnen  completely  precipitated  with  acetate  of  lead,  the 
washed  precipitate  is  decomposed  bj  sulphydiie  acid,  and  the  acid  filtrate  is  evaporated. 
Gamfdiretie  ioA  is  thus  obtained  as  an  inodorons,  piUe  yellow,  thick  s^rrup,  like  Venice 
turpentine,  havinff  a  sour,  pungent,  and  somewhat  bitter  taste.  It  dissolves  easily  in 
water,  alcohol,  and  ether,  and  forms  uncrystallisabls  salts,  having  the  general  formula 
C"H"MH)». 

The  tthy^  efJfer,  C**H*^(C^*)Hy,  obtained  by  decomposing  the  silver-salt  with 
iodide  of  ethyl,  or  by  passing  hydrochloric  acid  gas  into  tne  alcoholic  solution  of  the 
acid,  is  a  non-volatile  viscid  oil  of  specific  gravity  1*0775  at  13^.  DutHyi-camphretio 
ocMf,  C^H**(C*H*)H)%  is  produced,  together  with  the  neutral  ether,  by  the  List- 
mentioned  process,  and  may  be  extracted  by  treating  the  oil  separated  by  water  with 
dilute  Boda-iey,  agitating  the  neutralised  solution  with  ether,  and  evaporating  the  ether. 
It  then  remains  as  a  thick  viscid  oil  of  specific  gravity  1*128  at  13°. 

Camphretic  acid  subjected  to  slow  distillation  in  an  oil-bath  yields  at  100^  an  acid 
wateiy  distillate  oontaining  acetic  acid  and  acetone,  then  between  180^  and  220®  an 
oily  (fistillate,  which  partly  solidifies  in  tabular  crystals,  and  finally  at  about  270^  a 
white  crystalline  sublimate,  with  a  large  residue  of  charcoaL  The  oily  body  ib  pyro- 
eamphretic  acid,  C**H'^0^;  the  tabular  crystals  are  metacamphretic  acid,  C'*H**0*; 
the  sublimate  consists  of  camphoric  anhydride,  C'H'K)'. 

^yrocamphretic  acid  is  a  pale  yellow  viscid  oil,  heavier  than  water,  having  an 
aromatio  odour,  and  a  sli|;htly  sour,  burning,  aromatic  taste.  It  boils  between  206^ 
and  210°;  does  not  solidify  at  0°,  is  insoluble  in  water,  but  dissolves  in  alcohol 
and  ether,  forming  strongly  add  solutions.  The  barium-salt  and  the  lead-salt 
C**H''Pb'0',  are  white  amorphous  predpitates. 

Metacamphretic  acid,  G'*H'*0*,  crystallises  from  an  alcoholic  solution  de- 
colorised with  animal  charcoal,  in  rhombic  tablets,  which  melt  at  89^,  solidify  at  66^, 
dissolve  sparingly  in  cold,  easily  in  hot  water,  and  in  all  proportions  in  alcohol  and 
ether.  Tne  aqueous  solution,  which  has  an  acid  reaction,  is  not  predpitatedeven  after 
neutralisation,  by  calcium  or  barium-saltSb 


>     Syn.  with  Oxtphbnio  Acid  (p.  816). 


A  mineral  consisting  of  niobate  and  titanate  of  caldum,  cerium, 
&C.  (p.  67).  Those  varieties  which  contain  fluorine  without  water  were  called  by 
Hermann  fiuochhre^  the  others  hydrochlore. 


VTHOOXTBZO  AOZlMk  Adds  produced  by  the  destructive  distillation  of  dtrio 
add,  viz.  aconitic,  citiaconic,  and  itaconie  adds.  Mescaoonic  or  citracartic  add, 
produced  bv  the  action  of  boiling  dilute  nitric  add  on  dtraconic  add,  is  also  included 
by  Gerhardt  under  the  same  general  denomination. 

VT&OOBSOrrB*  A  variety  of  brudte,  with  excess  of  man^nese,  found  in  the 
Pi^sberg  iron  and  manganese  mine  in  Sweden,  where  it  forms  white  nacreous  vdns  in 
the  magnetic  iron  ore.  It  is  laminar,  as  hard  as  brudte,  effloresces  in  the  air,  assuming 
first  a  bronze,  then  a  black  colour ;  when  heated  it  becomes  green,  and  afterwards 
black,  witb  loss  of  water;  contains  76*400  MnO,  0*006  FeO,  3140  MgO,  1*270  CaO, 
16-860  WO,  and  8-884  CO^    (Igelstrom,  Fbgg.  Ann.  nnrii.  181.) 


A  mineral  occurring  in  kidney-shaped  masses  in  the  Hougo 

islands  on  the  Mosquito  oosist.    It  consists  mainly  of  a  hydiated  triealdc  phosphatsu 
Ca«PK)«.2H«0. 


vrmoCOVnra.    A  basic  poisonous  substance  said  to  be  produced  by  the  diy 
distillation  of  hemlock  (Handw.  vi  709). 


fG^lis,  Ann.  Ch.  Phys.  [3]  lii.  388.) — ^A  product  obtained' 
by  the  roasting  of  starch  (appearing  indeed  to  be  the  only  coloured  substance  thereby 
I»roduoedX  of  cereal  grain's,  potatoes,  maize,  ur  coffee.— Starch  is  roasted,  with  constant 
stirrings  in  an  open  vessel  strongly  heatnl  on  one  side,  fresh  portions  being  continually 
brought  in  contact  with  the  hot  part,  tiil  it  is  five  from  adherinff  water,  swells  up 
fffrongly,  gives  off  pungent  vapours,  and  sinters  togf'ther,  so  that  it  is  sadly  separated 
from  the  hot  bottom  of  the  vessel  It  is  then  dissolved  in  hot  water ;  the  clear  filtrate  is 
evaporated;  and  the  reddue-ts  dried  and  heated  by  small  portioi^s  in  an  air-bath  to  220^ 
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—  230^,  to  complete  the  roasting.  The  ipongy  prodiict  thus  obtained  isporified,  eapedallf 
from  adhering  dextrin,  by  repeatedly  diflaolring  it  in  water  and  precipitating  the 
■olution  with  alcohol,  as  long  as  dark  ilakes  oontinne  to  separate ■  -or,  in  presence  of  • 
Urge  quantity  of  dextrin,  by  precipitating  the  aqneoos  solution  with  excess  of  baryta- 
watfr  containing  alcohol,  washing  the  resulting  precipitate  with  weak  spirit,  pouring 
upon  it  a  Quantity  of  sulphuric  acid  sufficient  to  decompose  it,  filtering  the  liquid  to 
zeraore  sulphate  of  barium,  and  prpcipitatin^  the  filtrat^  wiUi  alcohol.  The  pyio- 
destrin,  which  separates  in  the  form  of  syrup,  is  dissolved  in  a  small  quantity  of  water, 
the  filtrate  evaporated  over  the  water-bath,  and  the  residue  dried  at  140^. 

Pyrodextrin  is  a  solid,  brown,  friable  mass,  shining  and  tough  when  moist.  In- 
odorous and  tasteless.  When  dried  at  160°,  it  gives  by  analysis  45*7  per  cent,  carbon 
and  6*2  hydrogen,  which  may  be  represented  by  the  empirioil  formula  Cfl'H)*',  re- 
quiring 46-37  C,  6-25  H,  snd  4768  O. 

Combinations. — Pyrodtxtrin  when  exposed  to  the  air  takes  up  3  at.  water,  and  after- 
wards dissolves  readUy  in  water,  funning  a  brown  adhesive  gum.  It  is  sparingly  scduble 
in  alcohol  of  22  per  cent ;  insoluble  in  absolute  alcohol  and  in  ether.  Aqueous  pyro- 
dextrin is  not  coloured  purple-red  by  iodine  (like  dextrin),  but  is  deoolorised  by  moist 
hydrate  of  aluminum. 

The  aqueous  solution  mixed  with  baiyta-water  and  weak  alcohol  yields  a  pr«H»pitjita 
containing  C"ll''Ba''0".Ba''0;  and  with  acetate  of  lead  and  abeolute  alcohol,  a  pre- 
eipitate  containing  C"H«Pb"0". 

Decomparitiom. — 1.  Pyrodextrin  remains  unaltered  at  210® — 320^,  but  de^onposes 
at  a  higher  temperature ;  takes  fire  with  difficulty,  and  leaves  a  hard,  coherent^  slowly- 
burning  cinder. — 2.  When  treated  with  nitric  acid^  it  fields  oxalic  add. — 3.  "Bj  oil  of 
vitriol  or  strong  hf/drochlorie  aeid^  it  is  converted  into  a  sparingly  soluble  brown 
powder;  dilute  sulphuric  or  hydrochloric  arid  alters  it  but  vety  slowly,  even  when 
neated. — 4.  It  reduces  cuprous  oxide  from  an  aikalins  solium  <if  cuprie  OJrids,  and 
from  solutions  of  ffold  and  st^nvr-salts  it  reduces  the  metals. 

VTSOBMA&nnk    Syn.  with  PraositALiTB. 

•  Electricity  developed  by  heat  in  crystals  (ii.  411). 

An  uncrystallisable  product,  formed  by  the  action  of  ammonia 

on  pyrogallic  acid  in  open  vessels.  Its  formation  is  probably  analogous  to  that  of  orcein 
from  orcin: 

3C«H«0»  +   6NH«  +  ()•     -     C»*H"N«0»  +  8HK). 
Pjroftallic  Prrogallrla. 

acid. 

It  forms  brown  precipitates  with  many  metallic  salts ;  but  they  deoompoee  duzing 
washing.     (Rosing,  Compt  rend.  xlvi.  1139.) 

FTBOOA&UO  AOZB.  Dioxwahenic  acid,  CHH)*. — ^This  acid  was  first  observed 
by  Scheele,  and  was  considered  as  sublimed  gallic  acid.  Benelius  and  Pelouze  estab- 
lished its  composition.  It  contains  the  elements  of  gallic  acid  minus  carbonic  anhy- 
dride. 

Ii  is  best  prepared  by  heating  a  dried  aqueous  extract  of  nut-gaUs  in  a  pot  on  which 
is  placed  a  cap,  such  as  is  used  in  the  sublimation  of  bensoic  acid.  The  vessel  is  placed 
in  a  sand-bath  and  kept  at  a  temperature  of  180"^  to  186^,  for  10  or  12  hours.  In  this 
way  about  5  per  cent  of  acid  is  obtained.  According  to  Liebig  (Ann.  Oh.  Pharm. 
cL  47),  gallic  acid  is  the  best  source  of  pyrogallic  add.  The  coarsely  powdered  gallic 
acid  is  mixed  with  twice  its  weight  of  bruiaed  pumice,  and  placed  in  a  retort  in  the 
tuhnlure  of  which  is  a  tube  connected  with  a  carbonic  acid  apparatus.  The  advantage  of 
this  arrangement  is  that  the  pyrogallic  acid,  which  decomposes  almost  at  the  same  tem- 
perature as  that  at  which  it  forms,  is  rapidly  removed  from  the  retort. 

Pyrogallic.  acid  is  also  produced,  together  with  guUic  (dioxysalicylie)  acid  by  the 
action  of  hot  caustic  potash-bohition  on  di-iodosalicylic  acid.  (Lautemann,  Ann.  Ch. 
Pharm.  cxx.  299 ;  Jahresb.  1861,  p.  398.) 

Pyrogallic  acid  crystallises  in  long  flattened  prisms  soluble  in  2 J  pts.  water  at  12^, 
and  somewhat  less  so  in  alcohol  and  ether. 

It  melts  at  115^  and  boils  at  210^,  and  its  vapour  excites  coughing.  At  250^  it 
blackens,  gives  oif  water,  and  leaves  an  abundant  residue  of  mttagaUio  add: 

cni*o«      «      (>H*0*    +    H«0. 

Pjrogalllc  Metunlllc 

acid.  acid. 

In  the  dry  state  it  does  not  aiter  in  the  air,  but  its  aqueous  solution  becomes  brown, 
and  leaves  a  black  residue  on  evaporation.  This  change  is  most  rapid  in  the  presence 
of  alkalis.    When  potash  or  soda  is  added. to  a  solution  of  pyroguUic.ucid,  the  Golution 
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becomes  rtpidly  bla<^  from  abeorptioB  of  oxy^n,  and  if  the  liquid  be  evaporated,  a 
black  gummy  residue  of  carbouite  and  acetate  ja  obtained.  It  iB  on  tbia  rapid  abaoi^ 
tion  of  oxygen  that  the  use  of  pTTOgallie  add  in  eudiometiy  is  based.  (See  Aklltbib  ow 
Gases,  i.  283.)  Aocording  to  Boussingault^  Calvert  and  Cloea»  however  (Jahiesb. 
1863,  p.  389),  a  small  portion  of  the  oxygen  is  converted  into  carbonic  oxide,  the 
volume  of  that  gas  amounting  to  3 — ^ JP^r  cent  of  that  of  the  oxygen  absorbed  in  an 
atmosphere  of  pure  oxyeen,  and  about  2f  per  cent,  in  air. 

Fyrogallic  acid  is  easily  oxidised  by  permanganaie  of  potassium,  and  the  reaction  is 
used  by  Monier  (CompL  rend.  xlvi.  677 ;  Jahreeb.  1858,  p.  629),  for  the  volumetric 
estimation  of  the  acid.  It  is  not  acted  upon  by  hydrochloric  acid.  With  fdmina 
sulphuric  o/nd  it  fonns  a  brown  solution  containing  a  sulpho-add  not  yet  examined. 
With  fuming  nitric  aoid  it  yields  oxalic  acid  (Bos ins).  Its  aqueous  solution  is  turned 
brown  by  nitrous  acid,  even  in  voir  small  quantity,  so  that  in  faOt,  pyrogallie  acid  aifords 
as  delicate  a  test  for  nitrous  acid  as  iodised  starch-paste  (Schonbein,  Zeitschr.  anaL 
Chem.  i.  819). — CMorine  turns  pyroeallic  add  blacx,  and  gives  off  hydrodiloric  add. 
Jiodins  does  not  appear  to  act  upon  it  below  200°.  With  anhydrous  hrcmins  it  forms 
the  compound  c4'Br*0'.  It  is  not  acted  on  by  ammonia-ffos  in  close  vessels,  bat  if 
exposed  to  the  air  at  the  same  time,  it  is  oonvsrted  into  pyrogdPflm  (p.  768X  (B osx  ng, 
Ck>mpt.  rend.  liv.  1149 ;  Jahresb.  1857i  p.  316.) 

Wnen  pyrogallie  acid  is  added  to  miUs  qf  Ume,  the  liquid  assumes  a  beautifid  red 
tint,  which  rapidly  passes  to  a  deep  brown.  This  reaction  is  so  delicate  as  to  serve 
for  detecting  small  quantities  of  the  add. 

The  solution  of  a  ferrous  salt  added  to  pyrogallie  add  produces  a  beaotiftil  indigo 
eolovr,  the  presence  of  the  smallest  trace  of  ramc  salt  prodooes  a  deep  green  tint. 
With  ferric  salts  alone  a  red  colour,  but  without  a  predpitate^  is  obtained.  Did^/romais 
of  potassium  produces  a  brown  colour. 

The  salts  of  mereurf,  sUvsr,  gold  and  plaHnum  are  easily  reduced  to  the  metallic 
state  by  pyiogaUie  ado. 

Fyr(^;allie  add  is  extensively  used  in  photography  as  a  vedudng  agent,  and  also  in 
some  processes  for  eolonrinff  the  hair  brown  or  btaek. 

It  is  a  weakadd.  The  a&ition  of  the  smalleet  quantity  of  alkali  givssit  an  alkaline 
reaction  and  colours  it.  It  liberates  carbonic  add  firam  the  alkaline  carbomatei^  but 
not  from  the  carbonates  of  the  alkaline  earths.  According  to  Boring,  it  does  not  de- 
compose any  carbonates. 

lAie  pyrogallates  are  little  known.  They  are  more  soluble  than  the  gaUates,  but 
like  them,  they  have  a  strong  tendency  to  become  colouird  in  contact  with  the  air. 
To  prevent  this  adteration  thej  should  be  evaporated  in  a  vacuum. 

Qjie  potassium'Salt  crystallises,  according  to  Pelouze,  in  rhomboidal  plates.  Accord- 
ing to  ilosing,  on  the  other  hand,  pyrogsulic  add  does  not  form  definite  salts  with 
ammonia  or  with'  the  fixed  alkalis.  

The  most  stable  of  the  pyrogallates  is  the  anHmony-salt,  OH*SbO*,  or  rather 
CH^SbOyO*,  which  separates  in  white  nacreous  laminse  on  mixing  a  somewhat  con- 
centrated solution  of  the  add  with  a  boiling  solution  of  tartar-emetic.  It  remains 
unaltered  at  130°,  is  insoluble  in  water,  but  dissolves  easily  in  hydrodiloric  add 
(Bosing).  A  lead-salt  containing  C'*Hi«Pb''0*.Pb''HK)*  is  predpitated  on  dropping 
a  solution  of  neutral  lead-acetate  into  an  excess  of  pyrogallie  add.  (Stenhouse,  Ann. 
Ch.  Pharm.  xlv.  1.) 

Pyrogallie  add  also  combines  with  gdaHn  and  casein.  When  heated  for  36  hours 
with  stearic  add  to  200^,  it  forms  a  crystalline  compound  which  cannot  be  separated 
ftom  the  excess  of  stearic  acid.    (Bosing.) 

Tribromopyrogallio  acid,  G^^rK)'. — Produced  b^  the  action  of  anhydrous 
bromine  on  diy  pyrogallie  add,  and  separates  from  alcohohc  solution  in  large  czystals 
containing  1  at  water.  It  is  nearly  insoluble  in  cold  water,  decomposable  by  boiling 
water.  The  solution  when  mixed  with  alkalis,  acquires  a  deep  red  colour,  changing  to 
brown  on  exposure  to  the  air.  Ferrous  sulphate  produces,  even  in  a  very  dilute  solu« 
tion  <^  the  bromine-compound,  a  deep  blue  colour,  turning  black  on  prolonged  exposure 
to  the  air.    (Bosing.)  £.  A. 


VOQfMK*    A  name  applied  by  Dumas  to  pyzo-adds  and  other  products  of  the 

action  of  heat  on  organic  bodies. 


Syn.  with  Fobmio  Acid. 

VTBIMMsVOIC  ACIIll.    Syn.  with  Ptbodbxtbik. 

VTBIMMsTOSmnr.    Syn.withDiglyoerinorDiglyceriealcohQL  (See  Gltcbetx., 
Htdsitbs  of,  ii.  894.) 
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k  fifTii.  with  Bigljcid*.  ^^''|o«  (/oaoiL). 


ACm.    (O^*)*io'.--A]i  aod  piodnoed 
H»    3 

hy  tlie  setaon  of  nitric  add  on  ditliioglyeerin  or  trithio^lyMrin  (ii.  M5).  It  is  s 
gammj  deUquMoent  niAM.  Its  salts,  framed  by  the  substitution  of  M*  or  M*  far  the 
basic  hydrogen  of  the  acid,  are  insoluble  in  alcohol,  and  with  the  exception  of  the  lead- 
salt,  deliquescent.  The  solution  of  the  fbse  add  eraporated  with  dilute  nitric  acid, 
yields  glyeeri-monosnlphurous,  oxalic,  and  sulphuric  adds;  with  excess  of  nitzie  aeidt 
only  the  two  latter.     (Carina,  Ann.  Ch.  I%arm.  czxit.  221.) 

ynUMMTOmo  MlWHWig  Minerals  which  when  hsated  to  a  eertain 
degnse,  exhibit  a  glow  or  incandescence,  probably  arising  from  a  new  dispodtion  of 
their  molecules.  Such  is  the  case  with  giulolinite,  orthite,  pyzochlore,  tadmewkiiiit^ 
uraootantalite,  euxenite,  polvcmse,  malaise  and  a  certain  variety  of  sphene  (Handw. 
d.  Chem.  tL  62) :  see  also  Axobphum  (i  200). 

Syn.  with  Ovmiacol  (ii  946). 

WAlAOOr.    A  dystalline  substance  produced,  together  with  gnaiacol, 
by  the  dry  distillation  of  guaiaretic  add.    See  Guaiaovm  (ii.  948). 

jnWOfXULm  Pyrcia  (or  ChimapkUa)  umheUata,  contains  according  to  8.  Fairbanl^ 
(Am.  J.  fliann.  xxxii.  264;  Jahiwb.  1860,  p.  647X  *n  iron-greemng  tannin,  starefa, 
gum,  unciystallisable  sugar,  pectic  add,  resin,  Ikt,  chlorophyll,  an  acrid  resinoiiifl 
substance,  a  yellow  colouring  matf«r,  and  a  yellow  crystalline  body  called  chima* 
phyllin.    The  leayes  (?  dried)  yield  6*24  per  cent  ash. 

On  distillinff  the  plant  with  water,  chimaphyllin  condenses  in  the  neck  of  the  retort 
(the  stalks  yieU  more  than  the  leayes).  It  crystallises  in  long  golden-yeQow  needles, 
tasteless,  inodorous,  sublimable  without  deoompodtion,  insoluble  in  water,  soluble  in 
alcohol,  ether,  chloroform,  and  oils  both  fixed  and  yolatile.  The  alcoholic  solution  ia 
not  predpitated  by  mercuric  chloride  or  tannic  add. 

VTBO&BIO  AUSAs    Syn.  with  Sn^cio  Acid. 

nrnO&ICMnMMIW  ACmK  Impors  acetic  add  obtained  by  the  distJllaHnm  of 
wood  (i.  9). 

VTBO&m*    Syn.  with  Ptbbol. 

»TSO&ITBOrB&&ZO  AOm.  C*H*«0*.— An  add  oQ  produced  by  the  dry 
distillation  of  litbofellic  add,  the  chief  constituent  of  some  kin&  of  oriental  besoar 
(ii.  684).  Lithofellic  add,  C'*B?*0\  is  extracted  from  these  concretions  by  solution  in 
boiling  alcohol,  and  ciystallises,  after  deoolorisation  with  animal  charcoal,  in  yary 
small  rhomboidal  prisms,  colouriees,  hard  and  easily  pulyerised.  It  dissolyes  in  29 
pts.  alcohol  at  20°,  and  in  6|  pts.  boiling  alcohol ;  in  444  pts.  cold  ether  and  47  pts. 
boiling  ether.  It  mdts  at  206°,  yolatilises  in  white  aromatic  yapours  when  melted  in 
an  open  yessel,  and  is  oonyerted  by  dry  distillation,  with  loss  oi  1  at.  water,  into  pyro- 
lithofellie  acidl 

nrno&ZVrUO  AOm.  C*H*>0*  ->  2C*«H>*0*.H*0.  (Sobrero,  Ann.  Ch. 
Pharm.  liy.  206 ;  Gm.  xiy.  206.)— A  product  of  the  dj^  distillation  of  oliril  (p.  200). 
It  is  a  colourless  oil,  heayier  than  water,  haying  the  taste  and  smell  of  eugenic  add ; 
boiU  aboye  200°.  It  is  yery  slightly  soluble  in  water,  but  easily  soluble  in  alcohol  and 
in  ether.  The  aqueous  solution  reddens  litmus.  The  oil  diisolyes  chloride  of  caldum, 
and  cannot  a^in  be  sepsrated  therefrom.  It  dissolyes  readily  in  caustic  potash,  but 
without  yielding  a  ciystallisable  salt  (thereby  distinguished  finom  eugenic  add).  The 
add  reduces  nitrate  of  silyer,  and  is  conyerted  by  nitric  add  into  picric  add  and  a 


The  alcoholic  solution  of  the  add  forms  with  bade  acetate  of  lead,  white  curdy  flakea 
which  dissolye  in  alcohol  and  are  separated  from  the  solution  by  eyaporation  or  by 
dilution  with  water.  When  separated  by  eyaporation,  th^  contain  67*6  per  cent, 
lead-oxide;  when  predpitated  by  water,  68*2  per  cent,  the  former  agreeing  with  the 
formula  C»«H»«0«JPb'0. 


^JbUBITB.    Natiye  peroxide  of  manganese  (iii.  811). 

^OMA&IO  AOIS.     Syn.  with  Halkc  Aczd  (iii.  784). 

VTMOWKAMXa  AOZB.    Ac  acid  obtained  by  subjecting  pimaric  add  (p.  646) 
to  dry  distillation:    probably  identical  with  sylyic  add  (Laurent:  see  Gmdin's 

Handbook,  xrii.  326).       

moosrxo  AOIB*   C*H*0*.    Pyrocomente  acid. — ^An  add  isomeric  with 


t 
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^ynninieie  add  and  dtmoonio  anhydride,  produced  by  the  dxy  diiitinaHon  of  oomenie 

AC  of  iiMMWP'^  acid : 

C»HW    -    CO"  +  Cm*0*;  and  C^H)»    -    C0«  +  <>HH)*. 
M«ooBie  Coneote  Comenie  PrrooM- 

add.  acid.  add.  conic  add. 

It  was  diflOOTered  by  Sertomer  in  1817,  but  regarded  as  identical  with  meconic  acid* 
till  the  difference  was  pointed  ont  by  Robiqaet  in  1833.  It  has  been  chiefly  studied 
by  Bobiqnet  (Ann.  Ch.  Phys.  [2]  t.  282;  IL  236^  Stenhonse  (Phil.  Mag.  [3] 
xriv.  128).  and  J.  F.  Brown  (Phil  Mag.  [4]  it.  161 ;  riii  201). 

Pyiomeconic  acid  is  prepared  by  subjecting  meconic  add  to  diy  distillation,  between 
260^  and  320^.  pressinff  the  semifluid  distillate  between  paper,  and  puri^ring  it  br 
sublimation.  It  forms  huge  transparent  tables,  dissolyes  easily  in  witer  and  in  alcoM, 
melts  at  120° — 125°  and  subUmes  easily  eren  below  100^.  Its  aqueous  solution  la 
coloured  red  by  ferrie  milts.  It  is  easily  oxidised  by  nitrieacid  and  by  excess  of  cklor* 
tne-water,  and  oonyerted  into  oxalic  acid.  Wida  bramine'-tiHUer  it  yields  bromo- 
pyromeconic  add.  It  is  not  acted  upon  by  iodine,  but  chloride  of  iocUns  converts  it 
uto  iodopyiomeoonic  add.- 

Fyromeoonatea.  Pyromeconic  add  is  monobasic.  It  is  a  rery  weak  add.  doea 
not  decompose  carbonates,  and  does  not  appear  to  form  definite  salts  with  the  alkalis, 
inasmuch  as  an  alkaline  solution  of  the  add  in  potash  or  ammonia  depodts  free  pyro- 
meoonic  add  when  left  to  eraporate. 

The  bariumsalt,  Ci«H«Ba*0*.HH>.  and  the  caldwn-aaU  C>«HH}a'0*.HK).  separate  in 
alender  needles  when  a  solution  of  the  add  supersaturated  with  ammonia  is  mixed 
with  acetate  of  barium  or  caldum. — ^The  strwUiufn-salt,  C'*H*Sr''C>*.H  0.  separates  on 
mixing  alcoholic  nitrate  of  strontium  with  an  alcoholic  and  ammoniacal  solution  of  py- 
romeconic  acid,  as  a  white  crystalline  powder,  and  may  be  obtained  in  stellate  groupa 
of  needles  by  crystallisation  from  water.  The  euprie  salt,  C**H*Cu"0'.  is  formed  by 
boiling  the  aqueous  add  with  excess  of  cupric  hydrate,  and  separates  from  the  flltzate 
on  cooling  in  long,  slender,  emerald-green,  very  feigile  needles.  It  may  also  be  obtained 
by  mixing  ammonia<»l  cupric  sulphate  with  a  warm  aqueous  solution  of  pyromeconio 
acid. — The  ferrie  salt,  G"*H*Fe'"0'*,  is  deposited  in  yermilion-coloured  ciystids  on 
adding  feme  chloride  to  a  hot  concentrated  solution  of  the  add.^-The  lead-salt, 
C**H^''0*.  prepared  like  the  barium^^alt.  is  a  white  crystalline  powder. — The 
fnagnesiunisMt,  C**HfMg''0*.  is  a  white  amorphous  precipitate,  obtained  on  mixing  the 
warm  aqueous  solution  of  the  add  with  acetate  of  magnesium. — The  silver-salt  is  ob- 
tained on  adding  nitrate  of  silver  to  the  aqueous  add,  as  a  yellow  gplatinoua  predpi- 
tate,  moderately  soluble  in  water  and  in  alcohoL  * 

No  ether  or  amide  of  pyromeoonic  add  has  yet  been  obtained. 

BromopyToiiieooBie  aoldt  OHfBrO*,  is  obtained  by  adding  bromine-water  to 
the  aqueous  solution  of  pyromeoonic  add,  care  being  taken  to  avoid  an  excess  of 
bromine,  as  that  would  prodnoe  oxalic  add.  Bromopyromeconic  acid  separatea  from 
the  solution  on  standing,  in  oolonrless  prisms  slightly  soluble  in  cold,  more  soluble,  with 
acid  reaction,  in  boiling  water,  easily  soluble  in  boilinff  alcohol,  which  depodts  it  by 
slow  cooling  in  shortened  prisms.  It  ia  coloured  Suk  red-purple  by  ferric  aalts, 
dissolyes  without  alteration  in  sulphuric  add,  but  is  decomposed,  with  effervescence, 
by  nitric  add.  When  distilled  it  giyes  off  hydrobromio  add,  and  if  the  heat  be 
continued,  yields  a  crystalline  sublimate. 

It  is  monobade,  does  not  precipitate  or  reduce  nitrate  of  sflyer,  and  gives  no  pred- 
pitate  with  barium-,  calcium-,  or  magnedum-salts.  even  in  presence  of  ammonia.  With  a 
hot  solution  of  ammoniacal  cupric  stdphate  it  forms  a  blmsh  predpitate.  The  lead' 
salt,  G>*H^Br?b"0*  (  +  HH)  according  to  Brown^  is  obtained  on  mmng  the  hot  alco- 
holic solutions  of  pyromeoonic  add  and  acetate  of  lead,  as  a  white  predpitate  com- 
posed of  small  needles  which  quickly  decompose.  It  is  insoluble  in  water  and  in 
alcohoL 

lodoyyromeeaiHe  Mid,  C'HIO'.  (J.  P.  Brown,  Phil.  Mag.  [4]  riii.  201.) 
— ^Produced  by  the  action  of  protochloride  (or  protobromide)  of  iodine  in  aqueous  solu- 
tion on  a  cold  saturated  solution  of  pyromeconic  add.  It  crysUUlises  in  shining 
laminae,  melts  when  heated  above  100^,  forming  a  black  liquid  which  tJien  suddenly 
decomposes,  giving  off  a  large  quantity  of  iodine.  Nitric  add  deoomposea  it,  with 
separation  of  iodine.  When  treated  with  excess  of  chloride  of  iodine  it  yields  yellow 
hexagonal  plates  which  were  regarded  by  Brown  as  a  peculiar  substance,  iodomecone, 
CH^*0",  but  pr  bably  consist  of  iodoform  (iii.  311V 

-  lodopyromeconic  acid  dissolves  sparingly  in  cold  water  and  sloohol,  abundantly  in 
both  liquids  at  the  boiling  heat.  The  aqueous  solution  imparts  a  deep  purple  colour 
to  ferric  chloride,  and  forms  with  nitrate  of  silver  a  yellowish-white  precipitate  soluble 
in  ammonia. 


7€2  PTEOMELINEUPYROMCC  AM  IDE. 

The  alcoholic  solution  of  the  add  mixed  vith  ammonift  fonna  wMimoatate  of 
barium  a  cmtalliiie  salt  having  the  compoaitioii  C'«H«I*Ba''0<.H*0.  The  Imd^BtOi^ 
C**H*I*Fb'0*,  obtained  in  like  manner,  ia  aa  amorphona  precipitate. 

WTMOWKMMbEMM,  Hydnted  sulphate  of  nickel,  occurring  in  eapillaiy  interlacing 
erjstalB,  or  aa  a  greeniah-wbite  effloreacence^  at  Wallace  Mine,  Lake  Huron,  on  a  aol- 
pmde  of  nickel  and  iron  ;  also  aa  an  earthj  pale  yeliow  cruat  at  the  Frcricha  Diine  near 
Bayreot.    (Dana,  ii.  886.) 

vrmOMBlAZno  AOBD.  C*H*0«  or  G*«H*0*?  (Erdmann,  Ann.  Ch.  Fham. 
Izzz.  281.) — ^Produced  bj  diatilling  mellitic  acid  at  aa  low  a  temperature  aa  poeaible. 
It  then  either  aublimea  in  white  cryatala,  or  diatila  over  aa  an  oil  vhich  aclidifiep 
in  a  cryatalline  maaa  on  cooling.  Carbonic  anhydride  is  given  off  at  the  samft  lime^ 
together  irith  m  little  carbonic  oxide,  and  a  carbonaceous  residue  is  left: 

2C«HK)«     -    C»H«0*  +   8C0   +  H«0 

or  more  probably 

80HH)*     -     C'«H«0»  +  2C50«. 

It  maT  also  be  obtained  bv  distilling  a  meUitate,  the  eopper  or  sodium-salt  for 
example,  with  sulphuric  add ;  but  the  best  mode  of  prepariqg  the  pure  erystallised 
add  ia  to  decompoae  the  aodium-aalt,  purified  by  ciyataltiaatioQ  from  aloohbl,  with  hy- 
drochloric or  nitric  acid. 

]^iomellitic  cryatallises  in  colourleas  tridinic  prisms,  exhibiting  aooording  to 
Naumann,  the  combination  oP  :  odF.  ooT  .  P,  .  ^.  ^co  .  2l*oo .  Angle  oP  :  ooF  •» 
111<>;  oP  :  oo'P  -  94«>  14';  ooT  :  ooF  -  76®  80';  oP  :  ^  -  62°;  oP  :  P  »  71® 
46';  oo'PrP.  -  78<»;  ooF :  P,  -  U(P  45';  ooP:;P  -  147<>  46';  oP :  •?«>  « 
99»  46';  oP  :  2Pao  -  76®  80' :  ooPoo  2Pao  -  166''  46'.  The  ciystals  an  sH^tly 
soluble  in  cold  water,  Tcry  soluble  in  boiling  water  and  in  aleohoL 

The  add  dried  at  100^— 120^  exhibiU  the  following  compontion: 


1- 


Carbon 47  27—47-81  47*24  476 

Hydrogen 2*84—  2*41  2*87  1*6 

Oxygen »  »  60*89  60^8 

10000  1000 

-|-SH*0  4-HSO 

Water  of  ciystalliaataon     .        .        12'38— 12*68  1241  12*6 

The  formula  C'^HH)*  accords  best  with  the  analysis,  and  also  accounts  most  readily 
ibr  the  formation  of  the  add  (vid.  aup.). 

The  cryatala  heated  to  100®  give  off  12*6  per  cent  water;  at  a  higher  teii^>enture 
the  add  melts  and  aublimea  with  partial  decompoaitton  the  meltedadd  if  strongly 
heated,  takea  fire  and  bums  with  a  bright  amoky  flame.  Hie  add  diasolyea  without 
deoomfX)eition  in  hydrochloric,  nitric,  and  sulphuric  adds  at  the  boiling  heat,  and  is 
predpitated  by  water  from,  the  laat-mentioned  solution. 

Aooording  to  the  formula  CHK)*,  pyromellitic  add  is  tetrabame^  the  formula  of  its 

normal  salts  being  (  1^4  >  0*.    The  pyromellitates  of  the  alkali-metals  are  colour- 

less, erystallisable,  veiy  aoluble  in  water,  insoluble  in  strong  alcohol,  slightly  soluble 
in  weak  spirit.  Their  solutiona  predpitate  a  large  number  of  metallic  salta,  the  pre* 
dpitates  being  very  apt  to  retain  alkali,  to  avoid  which  it  ia  best  to  pour  the  alkaline 
pyromellitate  into  an  excess  of  a  hot  sohition  of  the  metallic  aalt.  The  6aniM»-,  ealeiym'p 
iead',  and  sUver'Salts  are  white  crTstalline  predpitates.  The  ieadsalt  gave  Ir^analysia 

66-84  and  6628  per  cent  lead-oidde,  the  formula  C**H*PV0".HK),  requiring  66*49  per 
cent— The  ailver-salt  gave  67*7  to  680  per  cent.  Ag*0;  the  formula  C»*H»Ag*0"  re- 
quires 68*0  per  cent. 

FTBOMESSXBB.  A  granitoid  Tock  containing  felspathic  spherules  thickly  dis- 
seminated.   (D  a  n  a»  ii.  246. ) 

An  instrument  for  measuring  high  temperatures.    (See  Hbat» 


uL  20.) 


667.) 


Syn.  with  OxTPimnc  Acid  (p.  816). 
Native  Phosphato-chloride  of  lead.    (See  Phosfh^tbs,  p. 

See  Ptbomvcic  Acm,  Amidbs  of  (p.  764). 
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»T»OMOOZO  ACXB.   CH-O*  -  ^^'\o.  op<C^)"J0«.ar<<^)'J0«. 

Pyrogchieimsaure,  BremschleinuSure, — This  acid,  metameric  iriih  pyromeeonie  add 
«nd  citraconic  anhydcide^  was  diaooyeredbyScheelein  1780,  but  reg^izdad  at  tluttime 
as  Buocinic  acid.  It  was  first  recognised  as  a  distinct  acid  lijrHottton-Iaibillar- 
diire  (Aim.  Ch.  Phys.  [2]  ix.  B66),  and  has  been  fBrthoraiaauiied  hjPelonze  (Ann. 
Ch.  Pharm.  ix.  273);  Boassingauit  {ibid,  xr.  184);  Liis-Bodart  (t6i<2.c.  327); 
Sehwanort  (ibid^caam,  68;  cxn.  W7);  and  by  Schmela  aad  Beilstein  {ibid, 
flamO.  Hi.  276). 

II  is  produced  by  the  dxy  distillation  of  mneie  acid : 

0«H"0»     »     OH«0"  +  C0«  +  8HK); 

and  by  the  oxidation  of  fnrfdiol,  C'H^O',  which  is  its  aldehyde. 

Its  relations  to  forfurol  and  to  bases  are  sufficiently  represented  by  the  first  rational 
formula  aboTO  given;  but  its  relations  to  carbopyrolunide  and  carbopyrrolic  acid 
(p.  764),  are  better  expressed  by  the  second  or  thiid. 

Pirparatian, — I.  JS^ucic  aeid  is  subjected  to  dry  distillation;  the  distillate  is  mixed 
with  water,  filtered,  and  evaporated  to  the  crystallising  point;  and  the  product  is  purified 
by  reciystallisation,  distillation  or  sublimation. — 2.  Furfarol  is  boilM  with  water  and 
recently  precipitated  silver-oxide ;  the  silver  is  precipitated  firom  the  filtrate  by  hydro- 
chloric add ;  the  liquid  again  filtered  and  evaporated  to  the  ciystallising  po-nt ;  and  the 
acid,  which  usually  has  a  green  colour,  is  purified  by  recrystallisatiun  from  dilute 
alcohol  (Schwanert). — 3.  An  alcoholic  solution  of  Anrfnrol  mixed  with  a  solution  of 
potash  in  absolute  alcohol,  solidifies  to  a  ciystalline  mass  of  potassic  pyromucate,  from 
which  the  add  may  be  obtained  by  distillation  with  hydrochloric  acid  (Ulrich, 
Zeitschr.  Ch.  Pharm.  1861,  p.  186).  Part  oi  the  pyromudc  acid  is  converted  at  the 
same  time  into  pyromudc  alcohol.    (Scbmelz  and  Beilstein,  p.  765.) 

iVop0r^iM.->l5^romudcadd  forms  white  needles  or  laminn  which  melt  at  130°,  and 
sublime  easily  even  below  100°.  It  dissolves  in  28  pts.  of  cold,  and  4  pts.  of  boiling 
water,  and  is  easily  soluble  in  alcohol. 

DecomvoiiHmt,^-!,  Pyromucic  add  is  not  attacked  by  nitric  add. — 2.  "Bj  sulphuric 
anhydride  it  is  converted  into  sulpbopyromudc  add,  OH^SO*. — 3.  With  pentcuihloride 
of  phosphorus  it  yields  chloride  of  pyromucyl,  C*H'0'C1.— 4.  By  brominSf  in  presence 
of  water,  it  is  convdrted  first  into  a  heavy  oil  (probably  C^HH)*),  which  appears  to  have 
been  previously  noticed  by  Cahours  {Gm.  Handb,  x.  384),  and  ultimately  into 
muco  Dromic  acid,  C*H*Br*0' : 

C*HW  +  Br>  +   2H«0     -    C*H?Br*0»  +  CO*  +  6HBr. 

With  chlorine  in  like  manner  it  yields  mucochloric  acid,  OHKH^O*.  (Schmelz 
and  Beilstein.) 

Pyromucates.  I^rromudc  add  is  monobasic.  It  dissolves  sine  and  iron  with 
evolution  of  hydrogen. 

The  pyromucates  of  the  alkali-metals  are  easily  soluble  in  water  and  alcohol,  and 
difficult  to  crystallise.  The  potassium^salt,  CH^O",  separates  after  a  while  from  its 
alcoholic  solution  mixed  with  ether,  in  brilliant  scales  and  needles  permanent  in  the 
.air.  The  sodium-salt ,  C^H'NaO'*,  resembles  the  potasdum-salt  and  may  be  crystallised 
in  tike  manner.    (Schmelz  and  Beilstein.) 

The  bariwm^saltj  C''H*Ba"0',  forms  small  crystals  soluble  in  water  and  in  alcohol 
(Schwanert).  The  calcmm-salt^  C'*H*Ca"0*,  is  obtained, by  neutralising  the  aqueous 
add  with  marble  and  evaporating,  in  small  crystals,  easily  soluble  in  water  and  in 
alcohol.  When  prepared  like  the  potassium-salt,  it  forms  a  snow-white  crystalline 
powder.    (Schmelz  and  Beilstein.) 

The  cupric  salt,  obtained  by  neutralisation,  forms  small  green  crystals, 
C'»H«Cu''0«.6H*0,  more  soluble  in  hot  than  in  cold  water. 

The  Uadrsait,  C'^H*Pb*0'.2H*0,  separates  from  a  concentrated  aqueous  solution  on 
cooling  in  beautifol  white  hard  crystals,  sparingly  soluble  in  cold,  more  soluble  in  hot 
water.    (Schmelz  and  Beilstein.) 

The  Mver-saltj  OH'AgO',  forms  white  crystalline  scales,  but  is  partly  decomposed 
during  the  evaporation  of  its  aqueous  solution. 

Appendix  to  Pyromucic  Acid, 

1.  Bluoobromio  aeld,  C^H'Br'O*. — ^To  prepare  this  add,  bromine  is  slowly  added 
to  pyromucic  add  covered  with  a  little  water  in  a  cooled  vessel  till  it  no  longer  dis- 
appears ;  and  the  product  is  digested  with  excess  of  bromine  over  the  water-bath,  till 
the  heavy  oil  produced  in  the  first  stage  of  the  reaction  (vid,  sup.)  is  wholly  converted 
into  mucobromic  add.    The  sdution  concentrated  at  the  heat  of  the  watet-bath  yields 
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nniooliromio  acid  in  tnftt  of  white  naenooB  efyitalliiie  lamiiuB,  much  movB  soluble  la 
liot  than  in  cold  water,  eenlj  aolible  in  alodhol,  melting  at  120^,  and  snblinung  with 
partial  deoompoeition. 

Mocdbronue  add  raddena  litmna  ptpcr  and  deoompooea  eaitxxuatea,  bat  ita  aalta  ax* 
TCCT  uiatable.  A  eolation  of  the  aod  m  abeolate  alcohol  digeated  fbr  aome  time  with 
hTfUoehlorie  add,  yielda  on  addition  of  water,  oily  dzopa  probaUj  oonaiating  of  othylis 
maoobromate. 

When  mooobiomie  add  is  boiled  with  exe«ss  of  baryta-water  in  a  dose  ▼easel,  car- 
bonate of  bariam  is  precipitated,  gaseoas  bromacetylene  is  given  oK,  and  a  sedation  ia 
fonaed  containing  bromide  and  mac  on  ate  of  barium.    The  reaction  is, 

2C*H«BrW  f  HH>     -     C«HW  +  CHBr  +  2CO*  +  8HBr. 
MnoobroiBlc  Mttooide  Brom- 


Bdled  with  oxide  ofnlvft,  it  yields  a  silrei^salt  baring  the  compodtian  CrH%*Ag>0* 
the  reaction  probably  taking  place  as  shown  by  the  equation, 

2C«H*JBc^0'  -I-  2Ag*0     -    C'H«Br"AgK)«  -¥  AgBr  +  KK)  +  CO^ 

This  filrw-ealt  decomposed  by  sulphuretted  hydrogen  yields  a  crystallised  add* 
C^H^Bi^O*,  which,  when  boiled  with  baryta,  ia  resoWed  into  muoonio  sicid,  bromaoety- 
lene^  hydrobromic  add  and  caibonic  anhydride: 

C^»Br*0»     -     C*H"0«  +  CHBr  +  2HBr  +  CX)«. 

The  ultimate  producta  are  therefore  the  same  as  iHien  macobromio  add  itself  is  treated 
with  baryta-water.    (SehmeU  and  Beilstein.) 

2.  Igoeocblorie  Aeld«  C*HK!1*0',  is  prepared  by  passing  dilorine  gas  into  n 
warm  aqneouB  solution  of  pyromude  add,  and  concentrating  the  liquid,  first  over  the 
water-bathj  then  orer  oil  of  Titriol  and  lime.  It  forms  smafi,  shining,  limpid  crystals, 
easily  soluble  in  water  and  alcohol,  and  mdting  at  126®.  (Schmels  and 
Beilstein.) 

8.  XneMae  aoM/  O^HK)'.— When  the  liquid  obtained  as  aboTS  by  the  action  of 
baryta-water  on  mucobromic  iicid  is  freed  from  exens  of  baryta  by  means  of  carbonic 
acid,  and  the  filtrate  is  evaporated,  mmoonate  of  barium  is  deposited  in  crystalline  crusts 
which  may  be  purified  by  washing  with  cold  and  recrystalliBationr  ftom  hot  water,  or 
better  by  predpitation  with  alcohol.  It  then  forms  white  flakes,  consisting  of 
2C*Ba''0'.BDK).  Its  aqueons  solution  mixed  with  neutral  acetate  of  lead,  yields  a  white 
predpitate  of  mueonate  oflead^  which  dissolves  in  boiling  water,  and  separates  in  small 
crystals  on  eoolinff.  By  deoompoeing  this  lead-salt  with  sulphuretted  hydrosen,  and 
evaporating  the  filtrate,  mueonic  acid  may  be  obtained  in  crystals.  This  add,  so  fitf 
as  its  empirical  formula  is  concerned,  is  homolcgoos  with  pyromude  add.  (Sehmela 
and  Beilstein.) 

vrmoXirOXO  ACIIK  AMIBBSOV.       l.  Fytomucamide,  OH^NO*    » 

^gl^'JNor  (<^^r  |N  ^  (C»H»0y'l2.— Pwdnoed  by  the  action  of  ammoniaon 

pyromudo  chloride  (Li  is- Bod  art),  or  by  heating  ethylie  pyromucate  with  strong 
aqueous  ammonia  for  some  time  to  120*^  (Schwanert).  It  is  crystaUisable,  melts  at 
about  130®,  and  sublimes  easily  without  decomposition.  It  is  soluble  in  water  and  in 
alcohoL 

2.  Carbopyrrolie  aeid,  (C^HK))*  Vq  . — ^This  compound,  metamerie  withpyromuea- 

mide,  and  related  to  it  in  the  same  mannner  as  alanine  Hactamio  add)  to  lactamido 
(iii  463),  or  fflyoodne  (glycoUamic  add)  to  glycoUamide  (li.  902, 908),  is  obtained  as  a 
barium-nlt  by  boiling  carbopyrrolamide  with  excess  of  bar^  as  lonff  as  ammonin 
continues  to  escape^  removing  the  excess  of  baryta  by  carbonic  acid,  and  evi^poratinff  ; 
carbopyrollate  of  barium  then  separates  on  cooling  in  large  crystalline  lamina,  and  the 
aqueous  solution  of  this  salt  decomposed  by  strong  hydrochloric  add  deponts  carbo- 
pyrrolie  add  in  small  white  prisms.  It  sublimes  at  about  190®  and  decomposes  at  a 
Slightly  higher  temperature  into  carbonic  anhydride  and  pyrrol :  G^H'NO*  -i  CO'  + 
G'H^N.  It  is  quickly  decomposed  by  adds,  yielding,  instntd  of  pynol,  the  products  of 
decompodtion  of  that  substance,  namely  ammonia  and  pyrrol-red. 

*  This  name  it  also  applied  to  an  acid  having  the  composition  C^H'O^,  produced  hf  the  action  of 
naxcent  hjdrogen  on  the  acid  C^H^CISO^,  which  latter  results  from  the  actltm  of  pentachlorkie  of 
phi/«phorus  on  mucic  add.    (B  ude,  Ana.  Ch.  Pliarm.  cxxzii.  9ft.)    See  Appikdix. 
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•  Cardopyrroittte  qf  barium,  G'*H'Ba'77K)S  fonns  laige  white  UmiBse,  soluble  in  water 
and  in  ttloohoL^The  Uad-aalt,  C>*H*Fb'77-0*,  obtained  by  deoompoeing  the  barinm- 
salt  with  excess  of  lead-hydxate,  is  y<^  soluble  in  water,  and  remains  in  nacreous 
crystalline  scales  when  the  solution  is  evaporated. 

8.  Dipyromucamid$   ae  Oarbopyrrolamide^  C«H«N«0     -     (C*H«0)'" >N" 

H«    } 
H«    ) 
«-     (C*H*Of  VN*.— This  compound  was  first  obtamed  by  Malaguti  (Ann.  Ch. 

H«     ) 
Pharm.  c.  827)«  by  the  distillation  of  mncate  of  ammonium  (or  mncamide),  and  has  since 
been  more  ftilly  examined  by  Schwanert  {ibid,  cxvi.  270).    Its  formation  from 
mncate  of  ammonium  is  represented  by  the  equation : 

C«»(NH«)«0«     -     C»H«N«0  +   C0«  +  5H«0. 

Fart  of  the  product  is,  however,  resolved  into  ammonia  and  pyrrol  (p.  783).  To 
prepare  it^  mncate  of  ammonium  is  sulnected  to  dry  distillation ;  the  oily  layer  Ot 
pyrrol  which  floats  on  the  wateiy  distillate  Is  removed;  the  solution,  containing 
dipyromucamide  and  carbonate  of  ammonium,  is  evaporated  over  the  water-bath ;  and 
the  dipyromucamide  is  extracted  from  the  civstalline  residue  by  alcohol,  and  purified 
by  reoystallisation  from  the  same  li<juid,  wito  addition  of  animal  charooaL 

Dipyromucamide  forms  white,  shining  laminae,  easily  soluble  in  alcohol  and  ether, 
less  soluble  in  water.  At  173^  it  melts  to  a  liquid  which  solidifies  to  a  crystalline 
mass  at  133^.  When  boiled  in  aqueous  solution  with  excess  of  baryta,  it  is  resolved 
into  ammonia  and  carbopyrrolic  acid : 

C»H«N«0  +  HK)     -    NH«  +  C»H»NO«. 


A  compound  related  to  jpyromucic  acid  in  the  same 
manner  as  bensylie  alcohol,  C*H*0,  to  benzoic  acid,  C'H'O*,  and  produced  (together 
with  pvromueie  acid)  by  the  action  of  alcoholic  potash  on  ftirfuro^  just  as  bensylie 
alcohol  is  produced  from  bitter  almond  oih  It  is,  however,  more  easily  produced  by 
the  action  of  sodium-amaleam  on  furAirol.  It  is  a  brown-red  oily  liouid,  nearly  in- 
soluble in  water,  very  easify  soluble  in  alcohol  and  ether,  decomposed  oy  distillatioD, 
converted  by  alkalis  into  pyromucic  acid.  (Schmels  and  Beilstein,  Ann.  Ch. 
Phann.  Suppl.  iii.  276.) 

VTSOXVOIO  cnBLOSmB.  G*HH)'CL— Produced  by  distilling  pyromucic  acid 
with  pentachloride  of  phosphorus.  It  is  a  liquid  which  boils  at  170^,  is  converted  by 
water  into  pyromucic  add,  and  by  ammonia  into  pyromucamide.    (Li ds-Bodart) 

VTSOmFOXO  mrmmmm.  Ethylie  Pyromuoate,  C^1SL\{?R''Y>^,  is  obtained 
by  distilling  pyromucic  acid  with  alcohol  and  h;^drochloric  acid  (Mahaguti).  It 
forms  a  lamino-ciystalline  mass,  melting  at  34^,  boiling  between  208^  and  210°,  easily 
soluble  in  alcohol  and  ether,  insoluble  in  water.  With  ammonia  it  forms  pyromu- 
camide. 

2.  When  this  ether  is  subjected  to  the  action  of  diy  chlorine  gas,  it  takes  up  4  at. 
chlorine,  without  evolution  of  hydrochloric  acid,  and  forms  chloro pyromucic 
ether,  OH^Cl^CH'^O^  a  iragrant  syrupy  liquid,  easily  soluble  in  alcohol  and  ether, 
insoluble  in  water,  and  deoompoeinff  when  heated,  with  abundant  evolution  of  hydro- 
chloric add.  Wiih  the  fixed  alkiws  or  ammonia  it  yields  alcohol  and  a  metallic 
chloride.  (Malaguti.)  The  add  corresponding  to  this  chlorinated  ether  has  not 
yet  been  obtained. 

WTWLOWWU  Bohemian  garnet  containing  chromium  (iL  772).  Mobeig  supposes 
the  chromium  to  be  in  the  state  of  chromoos  oxide,  and  gives,  as  the  result  of  analysis, 
41-35  per  cent  SiO<,  2235  A1*0*,  0*94  PeO,  4  17  CrO,  1500  MgO,  and  629  CaO. 

VTXOVBOno  ACID.  A  black  substance  produced  by  the  action  of  heat  on 
pectic,  parapectic,  or  metapectic  add  (p.  869). 

nSOraOXirS  (from  irvp  and  ^pccv). — This  term,  in  its  widest  sense,'  denotes 
any  substance  capable  of  taking  fire  spontaneously,  or  on  very  slight  elevation  of  tem- 
perature, as  is  the  case  with  phosphorus,  phosphoretted  hydrogen,  cacodyl,  &c. ;  but  it 
IS  more  commonly  restricted  to  finely  divided  solid  bodies  which  exhibit  thisproperty, 
Budi  as  metallic  iron  reduced  from  the  oxide  by  ignition  in  hydrogen.  Tne  spon- 
taneous inflammabilitv  of  such  bodies  is  due,  partly  to  their  powerful  attraction  for 
oxygen,  partly  to  their  pulverulent  state,  whicn  enables  them  to  condense  ^e  air 
rapidly  within  their  pores,  thereby  causing  a  considerable  .rise  of  temperature,  while 
at  the  same  time  .they  present  a  luge  surface  to  the  action  of  the  oxygen.  When  a 
solid  mass  of  iron  is  exposed  to  the  air,  the  heat  developed  by  the  oxidation  of  thtf 
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■apetfleiAl  purtielai  ii  at  once  eonduoted  awajr  throngfaoiit  the  entira  imw,  so  that  the 
temperature  cannot  rise  snlBcienilj  for  the  oxidatkm  to  go  on ;  but  when  the  metal  is 
reduced  to  a  heap  of  Ttrj  fine  particles,  Urge  numbers  of  theae  come  into  contact  with 
the  air  at  the  same  instant,  ana  the  heat  developed  by  their  oxidation  ia  notcondncted 
away  to  others  whidi  take  no  part  in  the  action  (see  CoxBUsnoir,  i.  1095). 

The  pyrophorio  character  is  exhibited  br  all  the  more  easily  oxidable  metals,  which 
are  reduced  by  hydrogen  at  tempemtures  below  that  at  whi(»  their  particles  fuse  or 
weld  together,  e,ff,  iron,  nickel,  cobalt,  and  manganese ;  also  by  the  mixtures  of  finely 
dirided  metal  and  carbon  obtained  by  igniting  the  tartrates,  citrates,  oxalates,  and 
other  organic  salts  dTlead,  iron,  and  some  other  metals.  Tartrate  or  dtrate  of  lead, 
when  ignited  in  a  glass  tube  as  long  as  gaseous  matter  is  erolyed,  and  then  left  to 
eool,  tiJces  fire  instantly  on  beinp  thrown  out  into  the  air.  The  sulphides  of  potassium, 
sodium,  and  lithium,  obtained  by  igniting  the  corresponding  sulphates  with  lamp- 
black, and  the  alnm-prrophonis  or  Hombcr||fs  pyrophoms,  produced  by  heating  alum 
with  lamp-black,  star^  or  flour,  likewise  exhibit  spontaneous  inflammability.  (Handw, 
d.  Chem.  vL  718.) 

VTSOVSOSraAinO  ACOXM.  Gladstone  in  1849  (Chem.  Soc  Qn.  J.  iii. 
136),  by  subjecting  chloirmitride  of  phosphorus  (p.  617)  to  the  action  of  aJkalia, 
obtained  two  tribaaic  acids,  to  which  he  assigned  the  formiUse  P^H'O*  and  PV*HH)*, 
the  first,  called  azopkotphorie  acid,  consisting  of  phosphoric  acid  -i-FN,  and  the 
second  called  deutaeopkospkorie  acid,  or  phosphoric  acid  -(-  2PN.  Laurent,  however 
(Compt  Chim.  1850,  p.  887),  sugggested  that  theae  acids  were  amic  acids  deriyed  from 
pyropnosphoric  acid,  the  first  being  pyrophoaphamie  add,  P^NH*0*,  and  the  second 
pyrophotphodiamic  actdf  P'N'H'O* ;  and  these  formuke  have  been  confirmed  by  the 
more  recent  analysee  of  Gladstone  and  Holmes  (Chem.  8oc.  J.  xyii.  225).  Lastly, 
Gladstone  (tM^xix.  I)  has  completed  the  series  by  the  discoveiy  c^ pynmkospko' 
triamic  acid,  P■N^*0^  The  relations  of  these  acids  to  pfjxophosphorie  add  may  be 
exhibited  as  follows : 


Pjrrophosphoric  add I«HH>'     -    ^^*^^(o* 

Pjrrophosphamic  add        .  PNHK)«     -     P«(NH«)H«0-    -     (P^*)'4rL 

H«     3^ 

Fyrophosphodiamio  add   .  P»N^«0»     -     PXNH«)«H«0»  -     (I»0«)»4m 


Fyrophosphotriamic  add  .  PWH'O*     -     P^NH«)«HO«    -     (P«074S 

H     3^ 


^^\^ 


or  rather  P^NH)"H*0«    »     (PK)")    >^ 

H«    3^ 

^rophosphamie  acid  is  tribasic,  and  [^vophosphodiamic  add  is  dibasic,  as  indicated 
by  their  formube ;  but  pyrophoephotiiamio  add,  which  from  analogy  mig^t  be  expected 
to  be  monobasic,  is  in  reality  tetrabasie,  being  capable  of  yielding  di-,  tri-,  and  tetia- 
metallic  as  well  as  monometallie  salts :  hence  it  is  best  represented  by  the  formulae 
in  the  last  line  of  the  preceding  table. 

1.  Vjropbiwpluumlo  Aeld,~P^NHH)*. — ^This  acid  is  produced  ftom  nyrophoapho- 
diamic  add  by  simply  heating  its  aqueous  solution : 

P«N«H-0»  +  H«0     -.     P«NHH)«  +  NH«; 

but  the  decomposition  is  apt  to  go  too  far,  yielding  ultimately  nothing  but  phosphate 
of  ammonium.  The  metallic  p^rophosphamates,  howeyer,  are  more  stable,  and  those 
which  are  insoluble  in  dilute  aads,  the  ferric  or  euprio  salt  for  example,  are  easily 
prepared  by  heating  an  alkaline  pyrophospbodiamate  with  an  add  solution  of  the 
metal: 

P«N»H<M«0»  +  MCI  +  H»0     -     P«NH»M»0«  +  NH*a. 

]*7r(»pfaoipbo-  Pyrophosphanute. 

illamate. 

By  decomposing  the  silver-salt  with  hydrochloric  add  and  eraporating  the  filtrate, 
pyrophosphamic  acid  is  obtdned  as  a  semisolid,  non-crystalline  mass,  having  an  acid 
reaction,  deliqueedng  in  moist  air,  soluble  in  alcohol,  and  capable  of  bearing  a  strong 
heat  without  aecomposition. 

Pyrophosphamate  of  Ammonium  is  obtained  as  a  gummy  mass  by  decomposing  the 
lead-salt  with  somewhat  less  than  an  equivalent  quantity  of  ammonia,  and  evaporating 
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the  filtate  ia  vaecio  over  oil  of  yitriol.  The  potasnum^salt,  obtained  in  like  manner 
bj  deemapoeittg  the  fbirie  salt  with  potaah,  if*  aleo  a  gummy  mass. 

Banum-mttf  F'N*H*BaH)'^— To  prepare  this  salt^  an  alcoholic  solation  of  chloro- 
nitride  of  phosphorus  is  decomposed  by  potash  or  ammonia ;  the  liquid  is  evaporated 
to  dryness ;  the  residue  dissolyed  in  water ;  and  the  resulting  solution  of  pyrophospho- 
diamate  of  potassium  or  ammonium  is  boiled  with  excess  of  barium-chloride.  The 
pyrophosphamate  of  barium  is  then  precipitated  as  a  white  granular  powder,  easily 
soluble  in  nitric  or  hydrochloric  acid,  insoluble  in  acetic  acid« 

The  cuwrio  aalt,  P*N*H*Cnk)".2HH)  (at  100**),  prepared  in  Hks  manner  by  boiling 
the  slightly  acidulated  solution  of  an  alkaline  pyrophosphodiamate  witheupric  sulphate/ 
is  a  blue  flocculent  precipitate.-^The/;fm  salt,  l^^H*Fe*0*,  {Nrepared  in  like  manner, 
is  a  white  flocculent  precipitate,  which  afibrds  a  very  characteristic  reaction  for  pyro- 
phosphamic  acid. — Tne  gUver-salt,  P'NH'Ag'O',  is  a  white  precipitate. — The  zine- 

salt,  F«N'H«ZaK)<%  is  a  white  granular  powder. 

2.  VyropliMpliodlaiiile  add,  P'N'H'0'.y-This  add  is  produced:  1.  By  the 
action  of  w&ter,  or  better  of  alkaUfl^  on  chloronitride  of  phosphorus  in  alcoholic  so- 
lution.   (Gladstone.) 

2P«N»a«  +   16HH)     =     3PWHH)*  +   12Ha. 
2.  By  the  action  of  anmionia-gas  on  phosphoric  anhydride  :* 

P«0*  +  2NH»     -     P^«H«0*. 

8.  By  passing  dry  ammonia-gas  oyer  phosphoric  o^^dJoride^  till  it  ki  oonyerted  into  a 
white  solid  substance^  taking  oaie  that  tne  tempetatore  does  not  rise  too  high,  and 
treating  this  product  with  water,  which  dissolyes  it  completely,  the  solution  containing 
hydro<mloric  and  pyrophosphodiamie  acids,  partly  as  ammomnmnsalts : 

2(Pa«0  +  NH»)  +   3H«0     -    P'N'HK)*  +   6HCL 

The  solution,  when  exactly  neutralised  with  ammonia,  yields  precipitates  of  pyrophos- 
phodiamates  with  seyeral  metallic  salts. 

The  last  two  methods  may  be  modified  by  using  the  yery  strongest  solution  of 
ammonia  instead  of  the  gas.    There  are  also  other  methods  of  producing  this  acid. 

4.  B^  throwing  pieces  of  pentachloride  of  phosphorus  into  the  strongest  aqueous  am- 
monia, when  some  pyrophosphotriamate  of  ammonium  is  at  the  same  time  formed ;  but 
the  main  result  accords  with  the  following  equation : — 

2Pa»  +   12NH»  +  6HK)     =     F«N«H«0»  +   10NH*CL 

5.  By  exposing  phosphoric  ozychloride  to  ammonia-gas  at  100^,  when  4  at.  of  the 
latter  are  absorbed  (instead  of  2  at.,  as  described  under  the  tfaard  method),  and  sub- 
mitting the  product  to  the  action  of  water — 

PC1«0  +  4NH»     -     PN«H«C10   ♦  2NHKJL 

2PN«H*C10  +   3H«0     -    P^«HH)»  +   2NH«CL 

6.  By  performing  a  similar  experiment  at  a  much  higher  temperature,  the  same  amount 
of  ammonia  yields  difierent  products^  one  of  which  is  insoluble  in  water,  but  when 
heated  with  sulphuric  add,  dissolves,  with  the  fotm&tnon  of  pyrophosphodiamic  acid. — 

7.  The  same  compound  is  formed  when  pyrophosphotriainic  add  is  heated  in  a  similar 
manner  with  sulpnurio  acid— 

P«N«H»0*  +  H«80*  +  H«0     =     P«N«H«0»  +  (NH*)H80«, 

Or,  8.  When  the  same  add  is  heated  alone  until  it  begins  to  suffer  decomposition. — 

9.  Gerhardt^s  phosphamide,  heated  with  sidphuric  add,  also  yields  pyrophosphodiamic 
acid,  thus — 

2PN*H»0  +  H»SO«  +   3H«0     -     P«N«H«0»  +  (NH«)280*. 

The  general  formula  of  the  pyrophosphodiamates  is  P'N'H^M'O^,  the  acid 
being  dibasic.  It  is  somewhat  difficult  to  obtain  these  salts  pure,  on  account  of  the 
facility  with  which  they  are  converted  into  pyrophosphamates. 

The  barium-saltt  P*NTH^Ba"0*,  is  a  gelatinous  predpitate  which  dries  up  to  a  white 
earAy  powder. — ^The  tUoer-salt  has  the  composition  P"N*H*AgK)*; — The  swc-aalt, 
P'N^^n''0^  is  a  gelatbous  predpitate  easily  soluble  in  adds,  and  to  some  extent  in 
ammoniacal  salts;  when  dry  it  forms  a  white  powder. 

*  S  c  h  1  f  f  ( Ann.  Cb.  Fbarm.  cfil.  168).  supposes  thiit  tha  prodact  of  this  reaction  it  phospkamfe  aefd, 
PH*NO>;  but  Gladstone  hat  shown  that  It  Is  chiefly  pyrophosphodiamic  acid,  mixed  however  with 
netapbosphoric,  and  probably  with  other  acids.    (Chem.  Soc.  J.  xvli.  239.) 
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Tji^pHiMipl ■■■■■ii  mM,F>K*H*0«  -  F\mPyRO^  -  (PH)')>' ^^  or  ntfai 

P(KH)^H)«  »  (P^)^^o  •—'^^^  "^^^  >*  likewise  formed  by  the  nootmYe  actiao 

of  Anuaooia  and  water  on  phoepboric  <ngreliloride : 

S(PaK)  ^  4NH*)  •!•  2H*0     -    F<N*H'0«  -i-  6HC1  -i-  6NH". 

.  When  diT  *"»«w«t*^  gM  ii  tkiwly  pe«ed  into  a  flask  oontaiDing  phosphoric  ozy* 
chloride  oooled  by  immezsioii  in  water,  1  at.  of  the  ozyehloride  takes  up  2  at.  ammonia 
and  is  gradnally  oooTerted,  as  aboTe-mentioned,  into  a  white  solid  mass.  If  the  flask 
be  then  immersed  in  water  at  100^,  and  the  solid  mass  broken  up  from  time  to  time, 
2  at  more  of  ammonia  are  taken  im,  and  on  adding  water  to  the  white  snbstance  thna 
prodnoed,  j^jiophosphotriamie  acid  is  formed,  to^;ether  with  pyiophosphodiamic  and 
nydrochlonc  adds,  the  two  latter  dissdlving,  while  the  former  remains  behind,  and 
m^  be  porifled  by  washing,  flrft  with  oold  water,  then  with  a  little  dilute  alcohol. 

FViopnosphotnamie  acid  thus  obtained  is  a  white,  amorphous,  tasteless  powder,  which 
reddens  litmns  when  moistened.  It  is  nearly  insoluble  in  water,  but  u  veiiy  slowly 
attacked  by  it  at  ordinary  temperatorea,  more  quickly  when  heated,  yielding  pyro- 
phoephodiunic  acid: 

P^N*H»0«  +  H«0     wm    P«N«H*0»  +  NIP. 

When  boiled  with  hydrochloric  add,  it  is  s|>eedily  reeolTed  into  phosphoric  add  and 
ammonia,  pyxophos|^KidiaBie  add  being  an  inteimediate  prodncL 
Pyrophosphotriamates.— -The  add,  as  already  observed,  is  tetiabasie^  the 

^  )n« 

general  formula  of  its  normal  salts  being  most  probably  T^V^ByMH}*  or  (FH)*)**  Vq  . 

M*    3 
The  add  eifervesces  with  solutions  of  alkaline  carbonates,  and  when  suspended  in 
solutions  of  metallic  salts,  usually  decomp06<«  them,  eyen  in  presence  of  the  liberated 
add.    All  the  pyiophoephotriamates,  even  those  of  the  alkali-metals,  are  insoluble  or 
sparingly  soluble  in  water. 

The  ammonium'Saltt  F*N'H^NH*)0\  formed  by  decomposing  carbonate  of  am- 
monium with  the  acid,  cakee  together  in  small  white  lumps,  and  readily  gives  up  its 
ammonia  to  dilute  adds  even  in  the  cold. 

Barium'SalU.  The  ffumobarytio  satt,  P'N'H"Ba'0',  is  prepared  by  diflfhsing  the 
add  through  a  solution  of  barium-chloride,  and  carefully  nentralidng  the  liberated 

acid  with  ammonia.   The  dibarytic  mlt,  P'N*H"Bi^  or  P'N^«Ba''OSby  sospending 
the  add  in  excess  of  an  ammoniacal  solution  of  barium-chlorida 

A  white  eadmium'9aU  is  obtained  by  treatingthe  aad  with  chloride  of  cadmium ;  a 
green  chrcmium-^t,  with  chromic  acetate.  The  cobalt'Salt,  F'N*H*Co''CH,  produced 
by  digesting  the  add  with  a  slishtly  ammoniacal  solution  of  oobalt-nitrate,  has  a 
beautiful  violet  colour :  it  is  not  decomposed  by  hydrochloric  add,  and  but  slowly  by 
dilute  sulphuric  add. 

Copper-salti.  The  m<mceupne  so/^,  P'N<H'Khi''0',  is  obtained  as  a  pale  blue 
compound  (not  quite  pure)  by  treating  the  add  with  a  slightly  addnlated  s^ution  of 

cupric  nitrate.    The  dicupHe  mU,  P*N*Hi*Cu*0',  obtained  by  digesting  the  add  with 
cupric  acetale,  is  greenish. 

Iron  'ialt.  A  numoftrroiu  mdt^  P^N*Hi*Fe"0*,  produced  by  digesting  the  add  with 
feiTOQS  solphate,  has  a  yellow-drab  colour,  and  is  insoluble  in  dilate  adds.  No  ferrie 
pyrophosphotriamate  has  yet  been  obtained. 

Lead-Malt9.^Th^  monoplumbie  salt,  P^N'H'^Fb'O',  is  obtained  pure  by  digesting 
the  add  with  a  deddedly  add  solution  of  plumbic  nitrate ;  the  dipiumbic  aa/tf 

P<N*H>*I%<0',  by  using  a  solution  only  slightly  acidulated ;    the  triplumhic  wit, 

P«N'H"Pl>0*,  by  warming  the  add  with  basic  acetate  of  lead. 

ifa^«««tiifli-sa/<«.--The  product  obtained  by  warmins  the  add  with  an  ammo> 
niacal  solution  of  magnesia,  washing  with  water  containing  a  little  ammonia,  and  after* 
wiuds  with  pure  water,  appears  to  be  a  miztare  of  mono-  and  di-magnedc  pyrophos- 
photriamates. 

The  manganese'Salt  is  yellowish. 

M$reury'talt,  P*N'H'HgH)\  obtained  by  difihsing  the  add  through  a  solution 
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of  meiearie  chloride,  or  a  elightly  acidulated  solution  of  ammonio-merciiric  chloride, 
is  a  heavy,  white,  graniilar  powder  which  becomes  yellowish,  and  erentoally  dark- 
coloured  on  exposure  to  light  Iodide  of  potassium  first  turns  it  scarlet,  and  then  dis- 
solves out  the  mercury. 

Nickel' salt, — ^A  feebly  ammoniacal  solution  of  nickel-sulphate  yields  a  bright 
green  pyrophosphotriamate. 

Platinum-salt,  F>N*H«Ptt*0« Obtained  by  treating  the  acid  with  a  stzonff  solu- 

tion  of  platinio  chloride,  as  a  bulky  yellowish  compound,  which  must  be  washed  with 
alcohol,  as  water  decomposes  it  in  presence  of  the  liberated  acid. 

Potassium-salt,  F^*H^O^ — White,  almost  insoluble  salt,  produced  by  decom- 
posinff  carbonate  of  potassium  with  pyxophosphotriamic  add.  It  is  easily  decomposed 
oy  acids. 

Silver-salts, — The  mono-aiyentto  salt,  F'N'H'AgO^  is  obtained  as  a  white 
flocculent  precipitate,  soon  becoming  granular,  by  adding  nitrate  of  silver  to  water  in 
which  the  acid  is  suspended,  and  may  be  purified  by  digestion  in  dilute  nitric  add  or 
ammonia,  which  dissolyes  out  a  slight  excess  of  silver.  It  is  insoluble  in  water,  and 
is  completely  decomposed  by  hydrochloric  add. — The  tnargentic  salt,  P*N*H*Ag"0*,  is 
obtained  by  predpitating  an  ammoniacal  solution  of  silyer-nitrate  with  a  solution  of 
pyrophosphotriamic  add,  or  better,  by  treating  the  mono-axgentic-salt  with  ammoniacal 
silver-nitrate.  It  is  of  a  bright  yellow  colour,  heavy,  granular,  and  when  dry  forms 
an  orange-yeUow  powder.  IMlute  nitric  add  or  ammonia  c<»yerts  it  into  the  mono- 
aigentic  sidt    Acetic  add  attacks  it  but  slowly. 

Thallium- salt, — ^The  add  treated  with  nitrate  of  thallium  forms  a  heavy  white 
compound,  easily  decomposed  by  rather  strong  nitric  add. 

Zino-salt,^I!ha  add  decomposes  diloxide  of  sine,  forming  a  white  pyrophos- 
photriamate. 

VTBOPBOSVBOmiO  AGIO.    See  Pkobfhobus,  Ozramr-AGms  of  (p.  539). 

nsoVBT&&ITB<  A  hydrated  aluminic  silicate  occurring  in  foliated,  talc-like, 
subtransparent  masses,  having  a  white,  green,  or  yellow  colour  and  pearly  lustre ; 
hardness  a  1 ;  specific  gravity  ^  2*7 — 2*8  ;  flexible  in  thin  laminae.  Before  the 
blowpipe  it  swells  up,  without  fhsing,  in  fan-like  shapes,  increasing  to  about  twenty  times 
its  original  bulk.  It  forms  a  dear  yellow  glass  with  soda,  and  gives  a  fine  blue  colour 
with  cobalt-solution.    Partially  soluble  in  sulphuric  add. 

Analyses. — a.  From  Fschminsk  in  the  Ural  (Hermann,  Fo^.  Ann.  xv.  392\— 
h, Spa  inBelgium  (Bammelsberg,  ibid,  lxviii.613).— cWestana m Sweden  (Berlin, 
ibid,  IxxyiiL  414).— <f.  Chesterfield  C!ounty,  South  Oaiolina  (Genth,  SilL  Am.  J.  [2] 
zviii.  449)  : 


sto«. 

AIH)». 

r^o». 

MnO. 

MgO. 

c«o. 

H«0. 

a. 

69-79 

29*46 

1*80 

•     • 

4*00 

•        . 

5-62     «     100*67 

b. 

66*14 

25*87 

•    • 

•     • 

1*49 

0*39 

5*59     -       99*48 

e. 

66*69 

25*68 

0*76 

0*29 

017 

0*67 

6*45     -     100*66 

d. 

65*41 

28*50 

0*91 

•    • 

0*25 

0*39 

5*23     -     100*69 

The   hist   tiiree    analyses   may   be   represented   mproximatcJy  by  the    formula 

2Al«0«.9SiO«.3H«0 ;  the  first  by  ( J1^0.SiO«).8(AlW3SiO«).8HK).  Some  of  the 

Chinese  agalmatolites  (L  60)  approadi  yery  nearly  to  pyrophyllite.  (Bammels- 
b erg's  Minendckemis,  p.  586.) 

Syn.  with  Fhtsalitb  (p.  634). 

The  name  giyen  by  Thomson  (PhiL  Mag.^  xviii.  872)  to  a  red 
substance  extracted  from  elephants'  teeth ;  apparently  an  albuminoid. 

VTXOVXMOTB.  A  yellowish-brown,  opaque,  earthy  substance,  occurring  in  the 
lignite  of  Weissenfds.  Boiling  alcohol  extracts  from  it  30  per  cent  of  a  white,  fusible, 
combustible  matter.  When  heated  aboye  100^  it  melts  with  tumefaction,  and  eyolu- 
tion  of  white  yapours,  to  a  black  infiammable  mass;  soluble  for  the  most  part  in  oil 
of  turpentine,  lay  distillation,  according  to  Marchand,  it  yields  62  per  cent,  paw^ffln^ 
and  8  cubic  feet  of  illuminating  gas,  from  a  pound  of  the  material  (Kenngott, 
Min.  Forsch.  1850—51,  p.  148.) 

^O^VmOIto    Syn.  with  HTDBOQViNOini  (iii.  213). 

[O  ACZD.  CFK*0*  -  ^^*|0.     Pj/ruvio  acid.     Brenzirau- 

hensdure,  (Berzelius  Ann.  Ch.  Fharm.  xiii.  61. — ^Volckel,  ibid,  Ixxm.  65. 
Wislicenus,  ihid,  cxxvi  225.) — ^An  add  homologous  witli  glyoxalic  add  (C^HK)*) 
produced  by  the  dry  distillation  of  racemic  or  tartaric  acid :  probably  thus : 

C«H«0*     -    *C»H*0»  4-  C0«  +  HK). 
Vol.  IV.  3D 
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To  prepaw  it,  faftiiric  acid  is  distilled  at  a  temperature  gradn-illy  rimng  to  S0C9^  and 
the  diatiUate  in  redistilled  serpml  times,  the  portion  whidb  goes  of«r  betvveD  16ft**  aad 
170^  beinff  ultimately  effected  apart.  This  distillate  left  for  some  dayi  orcr  oil  of 
Titriol  and  solid  potash,  yields  pnre  pyroracemie  acid.    (Volckel.) 

^rroracemic  acid  is  a  liqoid  faariog  a  fiunt  yellowish  colour,  smelling  like  aeetie 
add,  and  boiling  at  about  165°,  but  with  partial  decompoeitioD  at  each  distfllataoB.  It 
is  aohible  in  wat4«r,  alcohol,  and  ether. 

When  saHected  in  aqneons  solution  to  the  action  of  n^uctnt  ^yeinjyew  erulTed  hj 
■odinm-amalgam  (Wislicenns),  or  by  sine  and  sulphuric  acid  (Debns)— or  of  Ajr- 
driodie  add,  or  iodide  of  pkotphonu,  it  takes  np  2  at.  hydrogen,  and  is  coarerted  into 
lactic  acid  (>H*0*,  or  if  the  reducing  agent  is  employed  in  larger  excess^  into  pro- 
pionic acid  (p.  730).  It  unites  directly  with  2  at  brominey  forming  the  compound 
C'H^BrH)*,  probably  bromol actio  acid.  These  reactions  show  that  pyromoenue 
add  is  related  to  lactic  acid  in  the  same  manner  as  acrylic  to  propionic  acid,  also  that 
its  relatiou  to  acrylic  add  is  the  same  as  that  of  lactic  to  propi<»iic  add.  (Wis- 
licenus.) 

Py  roracemates.  The  add  is  monobasic,  the  formula  of  its  salts  bdng  CH'MO* 
They  crystallise  well,  pfoWded  that  heat  is  avoided  in  their  preparation.  The  poias- 
SHMii-  and  sodium''»alts  are  deliquescent.  The  sodium-^t  forms  laige  anhydrons  prisms^ 
CH'NaO'.  The  lead-mU,  C^«Pb'0«,  is  a  crystaUine  predpitate.  The  tOmr-mU  is 
also  oyslalliBe,  and  mi^  be  reciystalljsed  from  boiling  water. 

$,'Pvroraoemie  aoid. — When  an  aoneons  solution  of  pyromeemic  add  is  evm- 
porated  by  heat,  then  remains  a  non-Tolatile  tyrapy  mass  which  appears  to  be  a 
polymeric  modification  of  the  add.  It  is  likewise  produced  idien  the  acid  is  sepamted 
from  its  salts.  This  tyrapy  add  does  not  form  oystallisable  salts,  its  salts  being  all 
amorphous  and  gummy.  The  same  gummy  salts  are  obtained  when  the  solutioBa  of 
the  crystalline  pyroracemates  are  evaporated  by  heat 

When  pyroracemic  is  treated  with  excess  of  banrta,  a  yellowish  predpitate  is  formed 
haying  the   oompodtion  of  a  basic  barium-salt  of  tri pyroracemic    acid, 

C"H>«Bft"0>*.Ba''HH)*.  On  boiling  this  predpitate  for  some  hours  with  ezoesa  of 
bai}'.te  hydrate^  oxalate  of  barium  separates  out,  and  the  supernatant  liquid,  when 
ft^ed  ttam  baiyta  by  sulphuric  add  and  evaporated,  leaves  a  symp  which  partly 
solidifies  in  the  crystalline  form  (Finck,  Ann.  Ch.  Fbarm.  czxii  182).  The  crystals 
when  purified  by  red^staUisation  from  alcohol  and  ether,  constitute  FindifB  uyitic 
acid,  C*H'0\  iHiich  mdts  at  287^,  sublimes  without  decompodtion,  andforms  oys- 
tallisahle  salts,  the  spanngly  soluble  silver-salt  having  the  composition  0*H*Ag*0*. — 
The  iJTugy  liquid,  Finck's  uvi tonic  acid,  has,  according  to  his  analysis,  the  compo- 
mtion  OffK)*.  It  forms  amorphous  salts,  and  appears,  both  from  its  properties  and 
from  the  analyns,  to  be  merely  the  above-mentioned  lympy  modification  of  pyroracemie 
add.    (Kekul^,  Lekrbuch,  il  213.) 

Betinite  from  the  lignite  of  Anssig  in  Bohedua  (see  Bbthotb). 

See  Obthitb  (p.  237). 

,incla^ng Kammererite, — ^These  minerals  are  alumino-dlicates 
containing  chromium.  They  occur  in  six-sided  prisms,  apparently  belonging  to  the 
hexagonal  system,  with  perfect  basal  cleavage ;  also  massive. 

P^roiderite  is  translucent,  with  a  green-greyish  or  reddish  colour,  and  weak  pearly 
lustre.  Hardness  ».  2*6 — 8.  SpedfiC  gravity  «  2*6 — 2*74.  FnuAure  unerven  and 
splintery.  0iveB  off  all  its  water  at  a  strong  heat ;  melts  with  difBealW  before  the 
blowpipe  to  a  grey  glass,  and  gives  with  fiuxes  a  faint  chrome  reaction.  Decomposed 
by  hydrochloric  acid. 

KoTttmererite  is  also  translucent  and  has  a  pearly  lustre ;  but  its  colour  is  reddish- 
violet  like  that  of  lepidolite.  Hardness  -  1*5 — 2.  Spedftc  gravity  =  2-617 — 2-62. 
tSectile  and  flexible.  Feels  gKsaj.  Gives  ofi'empyreumatic  water  when  heated.  Ex- 
foliates slightly  before  the  blowpipe,  but  does  not  fuse ;  gives  with  fiuxes  the  reactions 
of  chromium.    Decomposed  by  hydrochloric  add. 

ShodoohrofM  is  a  variety  of  kiemmererite,  having  a  greenish-black  colour  in  the 
mass,  but  peach-blossom  red  in  thin  splinters.  Harness  «■  ^-b—Z.  Specific  gniTity 
—  2*66 — 2-67.  When  strongly  heatea  before  the  blowpipe^  it  meUs  on  the  e^es  to 
a  yellow  enamel. 

^fidfysM.— <i.  Fyrosderite  fctMn  Elba  (v.  Eobell,  X  pr.<)hem.  ii  51). — h,  Kem- 
mererite  firom  Bissersk  in  Siberia  (Hartwall,  Bers.  Jahresb.  xxiiL  266).— c.  K  from 
Jjake  Atkall  in  the  Ural:  a.  crystallised ;  /3.  massive:  r^^M^oc^om^  (Hermann,  J. 
pr.  Chem.  liii.  22).— rf.  K.  from  Texas,  Lancaster  County,  Pennsylvania :  a.  by  Gen  th 
(SilL  Am.  J.  [2]  xv.  438) ;  /i.  by  Smith  and  Brush  (ibid,  xvi.  41). 
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Kcnmarerite. 


Pyrotclerite. 


Silica. 
Alumina     . 
Chromic  oxide 
Magnesia  . 
lime. 

Ferrous  oxide 
Water 


bt  Cm  Q* 

37*03        370  30-68  34*84  82'98  33'28 

18-60         14-2  16-94  1060  1111  10-60 

1-43          1-0          4-99  6-60  6*86  4*72 

81-62        81-6  33-46  36-47  86-22  8600 

1-6  .    .  0-38  0-36 


3-62  1-6  3-32  1*80  1*29  1-60 

11-00         13-0         1206         1203         1312         1296 


9810        99-7       100-33        9994       10096        9960 

All  these  nuiieraUi  may  be  represented  as  oompoanda  of  a  metasilicatey  BtTSiO*  or 

H'O.SiO*  with  an  aluminate,  d>Ai*0*  or  3M"0.il*0',  and  water,  thealumininm  being 
partly  replaced  by  chromium,  and  to  a  greater  extent  in  kflenunererite  than  in  pyros- 
dezite.    Galling  the  silicate  A  and  the  aluminate  B, 

a.  may  be  represented  as  0  ^  +  B  +     9  aq. 

b.  „  9  ^   +   £   •!•   12  aq. 
c,d,                „               6  A  +  B  +     9aq. 

VenmeuUte  from  Milbury,  Massachusetts,  may  be  regarded  as  belonging  to  the  same 
fiunily,  though  it  contains  no  chromium.  It  has  a  granular,  scaly  structure,  and  greasy 
feel,  and  is  especially  characterised  by  its  behaviour  before  the  blowpipe,  opemng  out 
into  wonnlike  threads,  expanding  to  many  times  its  original  bulk,  and  ultimately 
meltinff  to  a  yellowish-green  glass.  It  is  decomposed  by  hydrochloric  acid.  Contains, 
according  to  Crossley  (Dances  Mineraloffy,  li.  292),  36*74  per  cent  SiO*.  16*42 
AlK)*,  27-44  MgO,  1092  FeO  and  10-30  water,  and  mi^  be  represented  by  the  formula 

%WBi(^SS}llH^,  8  aq. 

CKommte  (i.  931X  LoganUe  (iii,  732),  and  Tadtfr^'te  are  sometimes  also  dassed  with 
pyroederite. 

nxonBAXITB*  AsiUcateof  iron  and  maneanese  containing  chlorine,  occurring 
in  hexagonal  prisms  or  tables  having  the  principal  axis  »  0'6307,  and  exhibiting  the 
fjEuses  oF,  F,  2P,  oaF  Cleavage  perfect  paxallel  to  the  base,  imperfect  parallel  to  ooF. 
It  also  oceuxs  massive.  Hardness  —  4 — 4-6.  Specific  gravity  -»  3-0 — 3*2.  It  has  a 
brown  colour  and  pearly  lustre;  stxeak  paler  than  the  colour.  Fracture  uneven, 
rather  splinteiT ;  someiniat  brittle.  When  strongly  heated  before  the  blowpii>e  it 
melts  to  a  bladk  slag,  attractable  by  the  magnet.  Fuses  readily  with  borax,  exhibiting 
the  reactions  of  iron  and  manganese.    Dissolves  perfectly  in  strong  nitric  add. 

A  spedmen  from  the  Bjelkey  mine  near  Noramarken  in  Wermland,  Sweden,  was 
found  by  Hisinger  (Schw.  J.  xiii.  841 ;  xxiii.  64)  to  contain  36-86  per  cent.  SiO', 
36-48  AlK)*,  24-26  Mn<C,  1-21  CaO,  377  chlorine,  and  a  quantity  of  water  not  deter- 
mined. Its  composition  may  be  represented  approximately  Inr  the  fonnnla 
Fe''Cl«.3(4M''0.3SiO«  +  2  aq.). 

F^rosmalite  occurs  also  at  Nya  Eopparberg  in  Westmannland 

nXOSOXBZO  ACrZB.    Syn.  with  MAunc  Acm. 

WWMOmMMMiM*  The  name  applied  by  BeneUus  to  the  less  fusible  portion  of 
the  distillate  obtained  by  distilling  empyreumade  oils  with  water,  the  more  fusible  por- 
tion being  caUed  pyrdtun  (Handw.  d.  CHiem.  2to.  Aufl.  ii.  [2]  418). 

Syn.  with  Kbbmbsits  or  Ran  AirnMomr  (iii.  446). 
aiCZB.  C»H-0*  -  (^^^)"|0».— Thisaddwasdiscovered 

in  1807  by  Valentin  Rose,  among  the  podnets  of  the  distillation  of  tartsr.    It  has 
been  investigated  chiefly  by  Gruver  (Trommsd.  N.  J.  xxiv.  2,  66),  Fe louse  (Ann. 
.Ch.  FhysJ21  Ivi.  297),  Weniselos  (Ann.  Ch.  Fharm.  xv.  148),  Arppe  {ibid.  Ixvi. 
73),  and  EekuU  (iirid,  Suppl.  i.  342). 
It  is  produced — 1.  By  the  dry  distillation  of  tartaric  add : 

2C«H«0«     -     C»HH)*  +  3C0»  +  2H«0; 

2.  By  the  aetion  of  sodium-amalgam  on  itaconic  add  or  its  isomers,  dtijaoonic  or 
mesaoonic  add : 

C»H«0*  +  Hg''Na«     -     Hg  +  C»fl«Na*0*. 

Itaconic  PyrotMtrate 

add.  of  sodinm. 

This  veaetion  is  analogous  to  that  by  which  the  homologous  body  fumaric  acid,  OB*0* 
is  converted  into  suorinic  acid  (ii.  743). 

3d2 
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It  DIET  also  be  fonned  from  itaeonic  add  by  conyeiting  the  latter  into  dibromopj- 
lotaitanc  acid,  and  reducing  the  latter  with  aodinm-anuugam.    (Keknl^) 

8.  By  heatinff  cyanide  of  tritylene  with  alcoholic  potash,  the  action  bdng  analogous 
to  that  bj  whi^  the  fiittj  adds  are  formed  from  the  cyanides  of  the  monatomic  radi- 
cles OH^*  (Maxwell  Simpson) : 

(?H«(CN)«  +  4H«0     -     2NH«  +  C»H«0* 

Prmaraiitm, — 1.  f^rom  Tartaric  acid.  Tartaric  mixed  with  an  equal  weight  of 
pounded  pumice  is  distilled  in  a  capadons  retort ;  the  distillate  is  diluted  with 
water ;  the  empyreumatic  oil  is  removed  by  filtration ;  the  filtrate  is  eyaporated  to  the 
crystallising  pomt ;  and  the  crystals  are  freed  from  adhering  oil  by  spreading  tbem 
out  on  paper  under  a  bell-jar  near  a  dish  containing  aloohoL  This  process  yields  s 
quantity  of  pyrotartaric  acid  equal  to  7  per  cent  of  the  tartaric  add  used. 

2.  From  Itaconicacid.  Sodium-amalgam  is  added  to  aqueous  itaconic  acid,  and 
the  liquid,  decanted  from  the  separated  mercury,  is  saturated  with  hydrochloric  acid 
K.  and  eyaporated ;  the  residue  is  treated  with  alcohol,  which  dissolyes  out  the  pyrotar- 
taric acid  and  leayes  the  greater  part  of  the  chloride  of  sodium ;  the  idcoholic  solution 
is  eyaporated  to  dryness ;  and  the  pyiotartaric  add  is  extracted  from  the  residne  by 
ether.    (KekuU.) 

Properties, — ^Pyrotartaric  add  crystallises  in  colourless,  sometimes  well  deyeloped 
prisms  with  rhombic  base  and  truncated  on  the  lateral  edges.  It  is  yeiy  soluble  in 
water,  alcohol  and  ether :  1  pt.  of  it  dissolyes  in  14  pt.  water  at  20^.  It  melts  at  11 2^, 
beffins  to  boil  at  about  200^  and  then  yolatilises,  being  jpartly  conyerted  into  pyrotar- 
tane  anhydride  CH'O'.     It  is  not  attacked  by  nitric  acid  or  by  cold  sulphuric  add. 

A  concentrated  aqueous  solution  of  pyrotartaric  add  does  not  produce  any  turbidity 
in  baryta-  strontia-  or  lime-water,  or  in  solution  of  nitrate  or  neutral  acetate  of  lead ; 
but  with  basic  acetate  of  lead  it  forms  a  copious  white  curdy  predpitate  insoluble  in 
water,  but  yeiy  soluble  in  the  basic  lead-ac<}tate  and  in  excess  of  aad. 

Pyrotartrates.    Ptrotartaric  add  is  dibasic,  banning  neutral  and  acid  salts,  the 

general  formube  of  which  are : 

Nratnil.  Add. 

For  monatomic  metals     .        C*H<MK)«  0*H*MO« 

For  diatomic  metals         .       0»H«M''O«         C»H»*]irO«  or  C»H«M"0«.C»H»0«. 

There  are  also  a  few  basic  pyrotartrates  of  di-  and  triatomic  metals.  The  add  salts 
of  the  alkali-metals  and  abaline-earth-metals,  obtained  by  neutralising  a  certain 
quantity  of  pyrotartaric  add  with  the  base  and  then  adding  a  quantity  of  the  acid 
equal  to  the  former,  crystallise  well ;  the  soluble  neutral  salts  are  somewhat  difficult 
to  erystallise. 

Pyrotartrates  of  Aluminium,  Moist  hydrate  of  aluminium  dissolyes  easily 
in  pyrotartaric  acid,  and  the  solution  when  concentrated  yields  crystals.  A  basic  salt, 
2OH"0«.AlH)»  or  2(C»H^'A1"'0".A1K)»).8H«0,  is  obtained  as  a  heayy  powder  by  pre- 
dpitatin^  a  neutral  solution  of  aluminic  chloride  with  neutral  pyrotartrate  of  sodium, 
or  by  boiling  moist  alumina  with  a  quantity  of  the  add  not  sumdent  to  dissolve  it. 

Ammonium-salts, — The  neutral  salt  is  deliquescent,  and  giyes  off  mwm^ymV  on 
evaporation.  The  add  salt,  G*H*(NH*)0^  forms  beautiAil  rhomooidal  prisms,  perma- 
nent in  the  air,  very  soluble  in  water. 

Barium'Salts.^The  neutral  salt,  C*H<Ba''0«.2HH),  is  a  crystalline  powder 
formed  of  small  rhomboidal  prisms,  very  soluble  in  water,  insoluble  in  aloohoL — ^The 
acid  salt,  C>*H>«Ba''0*.2H*0,  forms  stellate  groups  of  crystahk 

Bismuth'Sali. — ^A  solution  of  recently  predpitatad  bismuth-hydrate  in^rotar- 
taric  acid  yields  on  addition  of  water,  a  predpitate  containing  C**W^i'^*0^\6&0. 

Cadmium^ salts.— a.  Neutral,  C*H*Cd"0«.8H*0.— The  solution  of  cadmic  carbonate 
in  the  aqueous  add  yields,  by  concentration,  crystalline  grains  very  soluble  in  water, 
insoluble  in  alcohol,  and  still  retaining  1  at.  water  at  200°. — /3u  The  acid  salt  is 
obtained  by  evaporation  as  a  viscous  mass*in  which  a  few  long  needles  form  after  a 
while. 

Caleium-salts.—a,  Neutral,  0*H'Ca''012H'0.-»White  pulverulent  predpitate. 
slightly  soluble  in  water,  very  soluble  in  acetic,  hydrochloric,  and  mtric  adds, 
insoluble  in  alcohoL — $'  The  acid  salt,  obtained  by  evaporating  a  solution  of  the 
neutral  salt  in  pyrotartaric  add,  forms  crystals  containing  OH*Ga''0^50*H*0*.2HH). 
(Arppe.) 

Cobalt-salt. — The  solution  of  cobalt-hydrate  in  pyrotartaric  add  deposits  on 
evaporation  odourless  crystals  of  the  add  mixed  with  a  red  insoluble  salt.  On  neu- 
tralising the  add  liquid  with  ammonia,  a  rose-coloured  crystalline  powder  is  formed% 
which  mssolves  in  water,  but  is  decomposed  at  the  same  time. 
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Cbpper-saltt.—u,  Neutral,  C»H«Cn''0*.2H«0.— Pyrotertiate of  todium  fonnswith 
cupric  salts  a  blae  precipitate  solable  in  about  250  pts.  of  water,  veiy  soluble  in  acids 
and  ammonia;  it  retains  1  at.  water  at  100^.-/3.  A  beuic  salt,  C*H*Ca''0*Cu''H^O^ 
is  deposited  in  greenish  flocks  on  evaporating  a  solution  of  the  neutral  salt  in  ammonia, 
after  addition  of  water. 

Glueinum-salt  s, — ^Pyrotartaric  acid  saturated  with  gludna  leaves  whoi  eyaporated 
oyer  oil  of  yitriol,  a  dystaUine  acid  salt,  C^RH3t''0*,C^E*0\  which  when  heated  to  180^ 
is  conyerted  into  the  neutral  salt,  OH'G''0\ 

Iron-salts. — a.  Ferrous  salt. — The  acid  dissolves  iron,  with  evolution  of  hydrogen, 
foiming  a  solution  which  quickly  turns  red,  and  deposits  red  flocks  on  addition  of 
water  or  alcohol.— iS.  Ferric  salt.  Ferric  chloride  forms  with  ^rrotartrate  of  sodium  a 
red  viscous  precipitate  containing  2C*H»0«.Fe«0».3HH)  or  C»»H»»Fe'"0»«.FeK)«.6H*0. 

Lead-salt,  OH*Pb"0\2H*0.— Precipitated  after  a  few  hours  from  a  solution  of 
the  potassium-salt  mixed  with  nitrate  or  neutral  acetate  of  lead,  in  needles  if  the  solu- 
tion contains  free  acid,  as  a  powder  if  it  is  neutral.  It  dissolves  in  small  quantity  in 
boiling  water,  and  is  deposited  in  needles  on  cooling :  dissolves  also  in  nitrate  of  lead. 
The  same  salt  is  formed  by  treating  carbonate  of  lead  with  pyrotartaric  acid  and 
filtering  to  separate  a  basic  salt.  JPyrotartario  acid  forms  a  curdy  precipitate  with 
basic  acetate  of  lead  (p.  772). 

Magnesium^salis. — A  solution  of  magnesia  in  pyrotartaric  acid  evaporated  over 
oil  of  vitriol,  leaves  the  neutral  salt  as  a  gummy  vety  friable  mass,  apparently 
containing  OH'Mg'O^.SHK).  The  same  solution  evaporated  to  a  syrup,  and  then 
mixed  with  water,  deposits  a  ctystalline  mass  consisting  of  G^H'Mg'O^.SHK). — ^The 
acid  salt  is  gummy. 

'  The  manganese-salt,  CHIfn^O^SHH),  is  obtained  by  eyaporation  as  a  g:ummy 
mass,  very  soluble  in  water,  insoluble  in  aloohoL 

The  mereurous  and  mer curio  salts  are  white  precipitates. 

Nickel-salts.— The  neutral  salt,  0*H«Ni''0*.2HK),  is  obtained  by  evaporating  the 
green  solution  of  nickel-hydrate  in  the  acid,  redissolvinff  in  alcohol,  and  again  evapora- 
ting, as  a  green,  crystalline,  sparinglysoluble  powder,  which  gives  off  its  water  at  200^. 
—The  acid  salt,  C»H«Ni''0».C»H"0*.H«0,  is  obtained  as  a  crystaUine  mass  by  leaving 
the  solution  of  the  hydrate  in  pyrotartaric  acid  to  evaporate  over  oil  of  yitrioL 

Potassium-salts. — ^The  neutral  salt,  C5*H*K*0*.H'0,  is  very  soluble,  deliquescent^ 
and  may  with  some  difficulty  be  obtained  in  foliated  crystals  by  evaporating  its  solu- 
tion in  a  hot  air  chamber. — ^The  acid  salt,  OH'KO^  is  obtained  by  spontaneous  evapo- 
ration of  a  solution  of  the  acid  half  saturated  with  potash,  in  colourless,  oblique,  rhom- 
boidal  prisms,  permanent  in  the  air. 

The  silver-salt,  OH'Ag'0\  is  a  white,  curdy  precipitate  which  blackens  when 
exposed  to  light.  By  heating  it  in  a  current  of  dry  hydrogen,  and  washing  the  product 
with  water  to  remove  free  aad,  a  brown  powder  is  obtained  consisting  of  a  rg  en  tons 
pyrotartrate. 

Sodium-salts. — ^The  neutral  salt,  C*H'Na*0^6H'0, forms  efflorescent  laminsB  verv 
soluble  in  water,  insoluble  in  alcohol. — The  acid  salt,  0*H^NaO^  crystallises  with 
difficulty  in  small  rhomboidal  prisms. 

Strontium  salts.^The  neutral  salt,  OH*Sr''0^H*0,  forms  raisms  very  soluble 
in  water,  insoluble  in  alcohol.— The  acid  salt,  C*H«Sr''0\C*H"0«.2H*0,  oystallises  in 
nacreous  scales. 

Ttn-«a/^.— Stannous  oxide  dissolves  easily  in  pyrotartaric  acid,  and  the  solution, 
filtered  from  a  yellow  basic  salt^  yields  with  alcohol  a  precipiukte  apparently 
containing  CI»H«Sn'0«.Sn*0. 

Uranic  salt. — ^The  yellow  solution  of  uranic  hydrate  in  the  acid  deposits  on 
evaporation,  a  yellow  powder,  very  soluble  in  water,  insoluble  in  alcohol,  and  con- 
taining according  to  Arppe,  C»H»»U'"0".IPH«0«  or  2C»H«(UK)«)''O^C»H»0«.2H«0. 

Ztn9-«a/^«.— The  neutral  salt,  C*H'Zn"0\3H*0,  is  obtained  by  evaporation  as  a 
thick  syrup,  gradually  depositing  crystalline  granules  which  increase  in  quantity  on 
addition  of  a  small  quantity  of  water.  It  retains  1  at.  water  at  200^.— An  insoluble 
basic  salt  is  obtained  by  concentrating  a  solution  of  zinc  in  pyrotartaric  acid  to  a  small 
bulk  and  treating  the  residue  with  water. 

Bilnroiikopyrotaitario  aeidf  C*H'Br*0*. — ^This  compound  has  not  yet  been 
obtained  as  a  substitution-product  of  pyrotartaric  acid,  but  is  formed  by  dinvt  addition 
of  bromine  to  itaconic  add,  OH*0^  To  prepare  it,  4  pts.  of  itaconic  acid  are  shaken 
up  with  5  pts.  of  bromine  and  4  or  5  pts.  of  water.  The  reaction  commences  at 
ordinary  temperatures  and  is  attended  with  evolution  of  heat^  but  towards  the  end  it 
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murt  be  aasisted  by  the  heat  of  a  water-bath.  The  oyBtalline  crast  ivhieh  aepamtes 
on  oooUnff,  and  the  crystals  obtained  by  eraporating  the  mother-liqnor,  are  pnnfled  by 
recrystalhsation  from  a  small  quantity  of  water. 

Dibromopyrotartarie  add  forms  colourless  crystals  easily  solnble  in  water,  alcohol, 
and  ether.  When  treated  with  sodium-amalgamy  it  is  converted  into  pyrotartario 
acid.  On  adding  oxide  of  silver  to  the  aqneons  solution,  the  2  at.  bromine  are 
replaced  by  2  at.  HO,  and  an  add,  C*HH)*,  homologoos  with  tartaric  add,  is  prodnoed : 

C»H«BrH)«  +  AgH)  +  HH)     -     2AgBr  +  C"H«0«. 

IKbiomopyiotartaric  add  is  dibadc.  Its  salts  have  not  been  mnch  examined.  In 
preparing  tnem  it  is  necessary  to  avoid  rise  of  temperature,  as  they  are  easily  deeom* 
posed  thereby,  with  separation  of  metallic  bromide  and  formation  of  a  crystallisable 
monobasic  acid,  called  aconic  acid,  G*HH)*;  e.g. : 

C^B*Bi*SbH)*    -     2NaBr  +  OHH)*. 

On  boiling  a  solution  of  the  sodium-salt  and  adding  carbonate  of  sodium  in  such  quaa- 
ti^,  that  8  at  sodium  shall  be  present  for  every  1  at.  of  dibromopyrotartarie  acid,  a 
solution  is  obtained  which  on  sidBcient  concentration,  yields  large  crystaUine  plates 
ofaconate  of  sodium,  obtainable  by  slow  evaporation  ftY>m  aqueous  sdution, 
in  large,  well-developed,  eflSorescent  crystals  containing  C*H'NaO*.8HK).  In  like 
manner  by  boiling  a  solution  of  barytic  dibromo-pyrotartrate,  adding  carbonate  of 
barium  in  sui&dent  quanti^  to  neutralise  the  reaction,  and  mixing  the  filtrate  with 
alcohol,  aconate  of  barium,  C'lI'Sa^'O',  is  predpitated  in  white  flocks,  very 
soluble  in  water,  insoluble  in  stzong  alcohol,  crystallising  in  needles  from  dilute 
aloohoL 

By  treating  dtneonie  and  meaaoonie  adds  whidi  are  isomeric  with  itaeonie  add, 
with  bromine  and  water  as  aboTe,  adds  are  produced,  isomeric  but  not  identical  with 
the  dibiomopyiotaztaric  add  just  described.  The  three  isomeric  adds  may  be  distin* 
gnished  as  ita-,  citra-,  and  mesa-dibromopyrotartaric  acids. 

Citra-dibromopyrotartario acidf  CE*BrH)\  is  mudi  more  soluble  than  ita- 
dibromopyrotartarie  add.  It  usually  crystallises  in  cauliflower-like  groups  of 
microscopic  needles.  When  heated  it  yields  monobromocitraconic  anhydride, 
OH'BrC?: 

C»H«Br«0*     -     C*H«BrO«     +     H«0     +     HBr. 

Gitra-dibromopyrotartaric  add  is  also  dibadc,  and  its  salts  are  readily  decomposed, 
by  boiling  with  water  or  excess  of  base,  but  in  a  totally  different  manner  fttnn  the  ita- 
dibromopyrotartrates,  carbonic  anhydride  being  given  ofl^  and  a  salt  ofmonobromo- 
cro tome  acid  produced:  thus, 

C»H<Br«Na«0«     -     0»H«BrNa0«        +      NaBr      +     00«. 

Cltra-dlbromoprro-        Honobromocrotooftts 
tartrate  of  sodium.  of  lodiuin. 

2C»H*BrKJa*'0*     -     C'»H«Br*Ca''0*     +     dTB^     +     2C0». 
CUro-dtbromoDTro-         MonobromocrotiMMte 
tartrate  of  calcium .  of  calcium. 

(See  CaoTOMio  Acm  in  the  Appbmdix.)  According  toCahours  (Ann.  Oh.  Phys.  [3] 
Ixvii.  137),  an  add  having  the  compodtion  of  dibromobutyric  aad  is  formed  at  Uie 
same  time  as  an  intermediate  product : 

C*H«Br«0*     -     C«H«Br«0«     +     C0«. 

Mesa-dibromopyrotartaric  acid  is  much  less  soluble  than  dtra-,  but  more 
soluble  than  ita-dibromopyrotartaric  add.  It  ciystallises  in  nodular  or  spherical 
masses.  Its  salts  when  boiled  with  water  likewise  yield  bromocrotonic  add.  (Kekul^ 
Ann.  Ch.  Phazm.  SuppL  ii.  100.) 


L  C*H«0»  -  C»H«0«.0.— Obtained  by 
distilling  the  acid  with  phosphoric  anhydride.  It  is  a  liquid  boiling  at  a  temperature 
above  300°  insoluble  in  water,  but  gnidually  converted  by  absorption  of  water  into 
pyzotartaric  add. 


tOTASTAmZC  BTHB&8.  The  only  one  known  is  the  ethylie  ether, 
C*H"(C'H*)*0*,  which  is  produced  by  passing  hydrochloric  add  gas  into  an  alcoholic 
solution  of  the  acid.  It  is  an  aromatic  liquid  boiling  at  218^,  gradually  decomposed 
by  water. 


or  FhenyUpyrotartrimide,  C"H"NO*   -   ^^^^'^"[l^. 

(Arppe,  Ann.  Ch.  Pharm.  xc.  188.)-  Produced  by  heating  aniline  with  pyrotartaric 
acid  to  a  temperature  a  little  above  100®  for  about  ten  mmutes.  On  dissolving  the 
solidifled  mass  in  boiling  water,  treating  the  solution  with  animal  charcosl,  and  leaving 
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it  tooool,  pyroUrtzanil  ia  deposited  as  a  polTeralent  precipitate  composed  of  miefosoopie 
needles.  It  has  neither  taste  nor  pmell ;  melts  at  98°,  sablimes  without  deoompodtMn 
at  140°,  boils  with  partial  decomposition  at  aboiit  800°.  It  is  sli^tly  soluble  in  boUiac 
waier,  easily  soluble  in  afcokol  and  ether,  also  in  agueous  alMis,  %  which  when  heated 
it  is  converted  into  pyrotartranilic  acid.  When  fhsed  with  alktUms  k^draiea,  it 
is  resolved  into  aniline  and  pyrotartario  acid.  Nitric  add  oonyerts  it  into  pyrotartro- 
nitraniL 


VnOTJkMTR  A  WTTiTO  ACIB»  or  Phenyl-pyrotartramic  aeid,  C"H>'NO'     « 

(OH'O*)"  Vq,    (Arppe,  loc.cit.) — ^Produced  by  the  actioD  of  aniline  on  pyrotartaric 

anhydride ;  also  by  the  metamorphosis  of  p^tartranil  onder  the  influence  of  aqueous 
alkalis.  It  forms  bulky  needles,  appearing  under  the  microscope  as  rectangular 
prisms  wi^  perpendicular  end-faces.  It  is  more  soluble  in  water  than  pyrotartranil, 
easily  soluble  in  alcohol  and  ether;  reddens  litmus.  It  may  be  heated  to  140°  without 
loss  of  weight,  but  at  147°  it  gives  off  water  and  is  converted  into  pyrotartronitraniL 
It  is  decomposed  by  excess  of  boiling  o0to«A;  is  not  coloured  by  chloride  of  lime. 

P^tartranilic  acid  decomposes  carbonates,  but  is  separated  fitom  its  own  salts  hj 
acetic  add.  The  py  ro  tar  tran  ilates  of  the  alkali-  and  alkaline-earth  metals  are  veir 
soluble  in  water.  The  ammonium-salt,  which  may  be  obtained  by  boiling  pyrotaztianil 
with  aqueous  ammonia,  dries  up  to  a  radiate  mass  very  soluble  in  cold  but  decomposed 
by  hot  water.  Its  solution  forms  a  bluish-green  precipitate  with  eumio  sulphate, 
white  with  mercuric  chloride,  yellowish-red  with  ferric  chloride.  The  leeuL-sedt, 
C*«H"Pb''(C^*)n^O»,  forms  a  white  precipitate  becoming  glutinous  on  ebullition. 

rrmOTAKTBIMIDB.  C'H'NO*     -      (^^2*^*'|n,  or  Dipyrotartro-^iamide, 

qs"|n*«    (Arppe,  Ann.  Ch.  Pharm.  Ixszvii.  228.) — ^Produced  by  heating  acid 

pyrotaitrate  of  ammonium : 

C*H'(im<)0«     -     2H«0     -     C»H'NO«. 

The  solidified  distillate  is  purified  by  pressure  and  recrystallisation  &om  a  small  quan- 
tity of  water. 

Pyrotartrimide  forms  small  needles  or  hexagonal  plates,  belonging  to  the  trimetrie 
system,  and  exhibiting  the  combination  oP  .  ool^ao  .  goP.  Angle  odP  :  odP  h  92° 
30' ;  ooP  :  oo^oo  »  133°.  Cleavage  parallel  to  ooP  and  oP.  It  is  anhydrous, 
veiT  soluble  in  water,  alcohol,  ether,  acids  and  alkalis ;  has  a  cooling,  slightly  bitter, 
and  sour  taste;  its  aqueous  solution  reddens  litmus,  bnt  it  does  not  combine  with 
ammonia.  It  melts  at  66°,  and  solidifies  on  cooling,  in  a  radiate  muss,  unctuous  to 
the  touch,  and  having  a  foliated  fracture.  It  begins  to  volatilise  at  100°,  but  does  not 
boil  till  heated  to  about  280°,  at  which  temperature  it  suffers  partial  decomposition. 
When  boiled  with  strons  potash-lei/,  it  gives  off  ammonia.  Its  solution  fonns  with 
oxide  of  lead,  a  strongly  aOcaUne  oompound  which  contains  67*23  per  cent.  1^0  and  6'47 
water,  dries  up  to  a  gummy  mass,  and  is  partly  decomposed  by  water.  The  solution 
of  this  lead-compound  attacks  the  paper  through  which  it  is  filtered,  rendering  it 
viscous  and  gelatmous. 

PTSOTASTSO»ZT]LflLVZ&,  C"H*«NK)«  or  NUrophenyl-pyrotartrimide  - 
(>H*fNO*u^'  (Arppe,  he.  cit.), — ^Precipitated  hy  water  from  a  solution  of  pyrotar- 

tranil  in  very  strong  nitric  acid,  as  an  oil  which  gradually  solidifies,  and  crystallises 
from  boiling  alcohol  in  spherical  groups  of  crystals.  It  melts  at  165°  and  if  cautiously 
heated  soli£fies  without  decomposition.  It  is  nearly  insoluble  m  water,  but  dissolves 
easily  in  alcohol  and  in  ether.  Boiling  aqueous  ammonia  converts  it  into  pyrotartro- 
nitnuiilic  acid.  Fixed  alkalis  determine  the  same  transformation,  part  of  the 
pyrotartranilic  acid  being  however  resolved  by  the  ftirther  action  of  the  alkali  into 
pyrotartaric  add  and  /3-nitraniline  (see  "BHSSYLAMmBB,  p.  445). 

PT&OTAHTROVXTBAinXiZO    ACIOf  or   NUrophenyl-pyrotartramie   acid^ 
H.Cra*(NO»))^ 
C"H«N«0*    «       (0»H«0«)'  >g-    (Arppe,    loc.  c»7.)— When  pyroUrtronitnmil  is 

introduced  into  a  slightly  diluted  and  boiling  solution  of  sodio  carbonate,  a  yellow 
liquid  is  obtained,  w^ch,  on  cooling,  deposits  yellow  crystals  of  /9-nitraniline,  whilst 
pyrotartronitranilate  of  sodium  remains  in  solution ;  and  on  adding  nitric  add  to  the 
filtered  liquid,  p^tartraailic  acid  separates  in  yellowish  flakes^  which  may  be  purified 
by  reciystallisation. 
Pyrotartronitranilic  acid  is  very  slightly  soluble  in  water,  but  dissolves  easily  in 
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alooibol  tad  etlier,  and  i»  deposited  from  a  latimted  solntioii  in  microeoopie  xliomfaie 
crysUle  of  120^.  It  melte  at  a  little  above  160**.  It  ia  a  Tfzy  feeble  add,  being 
Bcaroely  able  to  deoompoee  carbonates. 

The  pjrotartionitranilatea  are  nnstable  ealta  diflBeolt  to  oyatalliM.  The  m/mp-mA; 
C"H"AgNK)*,  IB  piedpitated  in  white  flocka. 

VTBOTBCnnnr.  See  Biehaidson  and  Watts'e  Chemical  Teeknology,  i.  [4],  551— 
611;  also  Ure'i  DicHonary  qf  ArU,  &;c,  iii 

yVBOmumOAOm.    G*Hi*0*  -  ^^'^[O.    PproterebiUo  add,    Srem- 

terthinUMr; — ^Thia  acid,  belonging  to  the  aciylic  aerieB,  C"H*-"0*  and  metamerie 
witb  ethyl-ciotonio  add  (p.  273^,  waa  diocoTeiwl  by  Babonrdin  (J.  Phazm.  [3]  tL 
196X  and  haB  been  further  examined  by  Ghantard  {ibid.  zzriiL  192).  Itia produoed 
by  the  dry  diatilladon  of  terebie  add  and  purified  by  repeated  rectification : 

It  IB  a  liquid  boiling  at  210^,  and  smelling  of  bntyric  add.  It  disBolTes  in  25  pts.  of 
water,  and  is  easily  soluble  in  alcohol  and  ether.  When  gradually  dropped  into 
kuelting  hydrate  of  potassium,  it  is  resoWed,  with  erolution  c?  hydrogen,  into  acelao 
and  butyric  adds : 

C^»«0«  +  2H«0     =     C*H*0«  +  C^HW  +  H«. 

FlfroUnbat^  of  tilver,  G^'AgO*,  czystallises  with  difiieolty,  and  bladLens  on 
exposure  to  light,  especially  when  moist. 

-^SIO  AOD.    Syn.  with  Ctahujrio  Aozd. 

Syn.  with  Xtlozdim. 

EbUmm,  A  yellow  cxystalline  substance  produced  by 
the  action  of  potash  on  one  of  the  substances  contained  in  heavy  oil  of  wood-tar 
(Volckel).  It  is  contained  in  crude  wood-^irit»  as  first  observed  by  Scanlan,  and 
may  be  separated  therefrom,  according  to  Crregory  (Ann.  Ch.  Pharm.  xxi,  143),  by- 
distilling  tne  liquid,  collecting  about  15  per  cent,  saturating  the  distillate  with  sldDed 
lime,  and  redistilling.  The  reddue^  containing  the  excess  of  lime  employed,  acetate  of 
cmldura,  a  brownish  redn,  and  pyzoxanthin^  is  treated  with  dilute  hydrochloric  add, 
and  the  insoluble  portion  is  digested  in  boilinff  alcohol,  whidi  dissolves  the  resinous 
matter  first ;  the  pyroxanthin  is  found  in  the  last  alcoholic  decoctions. 

PVroxanthin  crystallises  in  long  yellow  needles,  inodorous,  insoluble  in  water, 
soluble  with  aid  of  heat  in  alcohol,  ether,  and  acetic  add,  nearly  insoluble  in  ammonia 
and  in  boUing  potash.  It  melts  at  144°.  When  heated  in  a  tube  dosed  at  one  end, 
it  does  not  volatilise  without  decomposition ;  bftt  if  heated  in  a  current  of  air,  it  sublimes 
at  134°.  Gregory  found  in  it  74-8  percent  carbon  and  5*5  hydrogen,  numbers  agreeing 
nearly  with  the  formula  G'HH)*,  which  requires  75  carbon,  5  hydrogen,  and  20 
oxyygen. 

^roxanthin  dissolves  with  deep  red  colour  in  strong  sulphuric  and  in  fuming 
hydrodiloric  add ;  water  precipitates  it  from  the  solution  in  a  partly  altered  state. 
Strong  nitric  add  attacks  it  violently,  converting  it  into  oxalic  acid  and  a  nitro- 
compound. Ghlorine,  with  aid  of  heat,  converts  it  into  a  brown  rednous  substance^ 
with  disengagement  of  hydroQhlorio  add. 

nsoSBAJrrsoCMPr.  The  constituent  of  wood-tar,  from  idiioh  pyroxanthin 
is  supposed  to  be  formed. 

VTKOXaWB.  A  name  sometimes  used  as  synonymous  with  augite  to  denote  the 
mineral  species  (i.  275),  but  more  commonly  restricted  to  certain  varieties  having  a 
green  or  greyish-green  colour.    (Dana,  ii.  158.) 

kOZawxra.    A  rock  consisting  of  felspar  and  lamellar  pyroxene. 

Guft'Cotton;  Coton  fulminant ;  Coton-voudre  ;  Pottdre-^foion  ; 
FtUmi-coUm.  SckiessbaumwoUe ;  explodirende  BaumwoUe, — These  names  are  applied 
to  certain  explodye  substances  produced  by  the  action  of  fnminff  nitric  add,  or  of  a 
mixture  of  nitric  and  sulphuric  adds^  on  cotton  wooL  Sclidnbein,  in  1845, 
announced  the  discoveir  of  an  explodve  cotton-wod  applicable  as  a  substitute  for 
gunpowder,  but  his  mode  of  preparation  was  at  first  kept  secret ;  and  soon  afterwards 
the  method  of  producing  the  explosive  compound  by  treating  cotton-wool  with  strong 
nitric  acid  was  discovered  independently  by  Sottger  end  Otto,  and  published 
by  the  latter  (Au^burg,  Allg.  Zdtung,  Oct  5,  1846 ;  J.  pr.  Ghem.  xL  193).  Knop 
(Compt  rend,  xxiii.  808)  soon  afterwards  introduced  the  more  advantageous  method 
of  treating  the  ootton-wool  with  a  mixture  of  strong  nitric  and  sulphuric  adds.  The 
chemical  composition  and  propertieB  of  pyroxylin  have  been  made  the  subjeot  of  ■ 
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nnmeroiui  researchet  byBottger,  Pelonse,  Fajen,  Peli^ot^  van  Kerekkoff, 
Sobrero,  Bechamp,  and  others  on  the  continent,  and  in  this  oonntiyby  Porrett^ 
Ransom,  Cram,  Gladstone,  and  Hadow.  (For  ^  complete  list  of  memoirs  relating 
to  it,  down  to  1862,  seeGmelin's  Handbook,  xy.  168.)  f^xmi  its  first  discoreiy,  also, 
nnmerons  ea:periments  w«ta  made  on  its  applicability  tomilitaiy  and  mining  operations 
as  a  substitute  for  sunpowder,  OTer  which  it  possesses  the  great  advantage  of  burning 
without  smoke,  ana  leaving  no  residue  to  foul  the  g^n  ;  and  its  preparation  was  soon 
commenced  on  a  large  scale ;  but  the  occurrence  of  several  severe  and  unexplained 
accidents  during  the  manufacture,  attended  with  great  loss  of  life,  caused  it  to  be 
regarded  as  too  dangerous  and  unmanageable  for  military  purposes,  and  accordingly 
its  manu&cture  was  for  a  while  nearly  given  up.  Within  the  last  few  years,  however, 
the  attempts  to  make  use  of  gun-cotton  as  a  substitute  for  gunpowder  have  been 
renewed,  and  brought  to  a  successful  issue  chiefly  by  the  investigations  of  G-eneral 
vonLenk,  an  Austrian  officer,  of  artillery,  who  has  discovered  the  cause  of  previous 
failures,  gradually  perfected  the  process  of  manu&cture^  and  instituted,  under  the 
auspices  of  the  Austrian  government,  an  elaborate  series  of  ezpeziments  on  the 
best  methods  of  applying  it  to  gunnery. 

Cotton  treated  with  a  mixture  of  nitric  and  sulphuric  acids,  yields  a  number  of  pro- 
ducts  which  may  be  regarded  as  cellulose,  CH^'O*,  in  which  the  hydrogen  is  more  or 
less  replaced  by  nitric  peroxide,  NO',  the  degree  of  nitration  varying  according  to  the 
mode  of  preparation.  The  different  compounds  have  different  degrees  of  stabili^  and 
are  variously  affected  by  solvents.  Acorading  to  Hadow  (Chem.  Soo.  Qu.  J.  vii 
201),  the  three  principal  products  an : 

a.  C"H»(NO')'0>*  or  C'H'CNO'/O*,  insoluble  in  a  mixture  of  ether  and  alcohol ; 
but  soluble  in  ethylic  acetate.  It  is  raoduoed  by  repeated  immeraion  of  cotton- 
wool in  a  mixture  of  2  at  nitric  add,  HNO',  2  at  oil  of  vitriol,  H^O*,  and  8  at 
water.   

fi.  G^TP^VO^yO^*,  soluble  in  etheivalcohol,  insoluble  in  glacial  acetic  add.  Pro- 
duced when  the  add  mixture  contains  ^  at  more  water  than  in  a. 

y.  C>'H'^NO*)'0**  (Gladstone's  coiUm-xylaidin\  soluble  in  ether  and  in  glacial 
acetic  acid.    Produced  when  the  add  mixture  contains  1  at  more  water  than  in  a. 

The  term  **  pyroxylin"  is  sometimes  applied  especially  to  the  more  hiffhlv  nitrated 
compounds ;  but  it  is  much  better  to  use  tnis  term  as  a  generic  name  for  aU  the  substi- 
tution-compounds formed  by  the  action  of  nitric  add  on  cellalose,  and  to  designate  as 
"  gun-cotton  "  the  meet  highly  nitrated  compound,  trini  trocellulose,  C^'(NO')*0*, 
which  is  the  only  one  adaptea  for  use  in  eunnerv. 

The  lower  compounds,  which  are  soluble  in  alcohol  and  ether,  are  used  for  the  pre- 
paration of  collodion  (i  1083). 

Gun-cotton.    C^'(NO«)«0». 

When  cotton-wool  is  immersed  in  a  mixture  of  strong  nitric  and  sulphuric  adds, 
substitution  takes  place  immediately,  and  the  product  has  only  to  be  fireed  from  ad- 
hering add  by  washing  with  water  and  then  diiea.  But  in  order  to  insure  the  uniform 
production  of  the  most  highly  nitrated  compound,  Lenk  adopts  sevoal  precautions, 
the  most  important  of  which  are : 

1.  The  deansing  and  perfect  desiccation  of  the  cotton  previously  to  its  immerdon  in 
the  mixed  adds. 

2.  The  employment  of  the  strongest  adds  procurable  in  commerce. 

8.  The  steepin^^  of  the  cotton  in  a  flreeh  strong  mixture  of  adds  after  the  first  im- 
merdon and  partud  convenion  into  gun-cotton. 

4.  The  continuance  of  the  steeping  for  forty-dght  hours. 

6.  The  thorough  purification  of  the  gun-cotton  thus  produced  firom  every  trace  of 
free  add,  by  washing  the  product  in  a  stream  of  water  for  several  weeks ;  subsequently 
a  weak  solution  of  potash  may  be  used,  but  this  is  not  essential. 

The  prolonged  application  of  these  processes  is  absoluteljr  necessary  to  ensure  the 
thorougn  nitration  of  the  cotton  and  the  subsequent  purification  of  the  product ;  for 
each  cotton-fibre  is  a  long  narrow  tube,  often  twisted  and  even  doubled  up,  and  the 
add  has  first  to  penetrate  to  the  inmost  depths  of  these  tubes  and  afterwards  to  be 
soaked  out  of  them :  hence  the  necesdty  of  time. 

Sometimes,  to  render  the  gun-cotton  less  explosive,  and  to  remove  the  last  lingering 
traces  of  free  add,  it  is  impregnated  with  a  solution  of  silicate  of  sodium  (soluble 
glass),  which  is  foreed  into  it  by  means  of  a  centrifugal  machine,  having  a  central  tube 
for  supplying  the  solution.  It  is  then  dried  by  exposure  to  the  air,  whereby  carbonate 
of  sodium  is  formed,  and  silica  separated,  and  the  carbonate  of  sodium  is  afterwards 
washed  out  with  water,  while  the  dlica  remains  attached  to  the  fibres. 

Sometimes,  again,  to  render  the  fibres  soft  and  diminish  the  danger  of  explodon  from 
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fiolttit  irictioD,  the  gnn-cotton,  after  being  treated  with  aolaMe  glaai,  ia  immened  in  a 
aoap-lev,  the  ezceea  of  which  ia  then  aqneeied  out,  and  the  gun-cotton  finally  dried. 

For  detaila  of  the  Anatrian  proceea,  and  of  experimenta  on  the  preparation  of  gm- 
ootton  at  the  RoTal  Gunpowder  WoriES  at  Waltham  Abbey,  see  the  article  "  Qnn- 
ootton**  by  Dr.  Gladstone  in  Bichaidaon  and  Watta'a  Ciemuxd  Txhnology,  L  [4] 
487 — 500.  Gun-cotton  is  now  prepared  on  a  huge  scale  by  a  process  essentially  the 
same  as  that  of  Lenk,  at  the  manuuetoiy  of  Messrs.  Prentice  at  8towmarket. 

Gun-cotton  prepared  by  the  process  just  described  retains  the  external  properties  of 
cotton-wool,  but  is  somewhat  harsher  to  the  touch,  unless  it  has  been  soaped.  It  has 
neither  taste  nor  smell,  and  is  neutral  to  moistened  litmus-paper.  By  friction  it 
becomes  more  strongly  electric  than  cat's  skin ;  it  crackles,  yields  sparks,  and  is  phos- 
phorescent in  the  <£irk  (Gaiffe,  Compt.  rend.  zxiy.  88).  Ita  fibres  seen  under  the 
microscope  by  polarised  light,  esdiibit  yery  little  brightness,  and  scarcely  any  play  of 
colours,  whereas  the  fibres  of  ordinary  cotton-wool  appear  bright  an  I  show  a  fine  play 
of  colours  eyen  in  the  dimmest  licht  (Kindt,  Pogg.  Ann.  Itt.  168.) 
!  The  following  analyses  of  Lenk  s  gun-cotton,  the  first  made  in  the  laboratory  of  the 

Imperial  Engineers'  Committee,  the  second  in  the  Uniyersity  laboratory  at  Vienna, 
•how  that  U  consists  of  trinitiooellulose,  OH'(N0<)H)*. 
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Gun-cotton  is  insoluble  in  water,  and  perfectly  unafFeeted  by  long  soaking  in  that 
liquid.  It  usually  absorbs  about  2  per  cent,  of  hygroscopic  moisture,  any  excess  that 
it  may  absorb  under  peculiar  atmospheric  conditions  being  speedily  giyen  off  when  the 
air  retoms  to  its  oroinaiy  state  of  dryness.  It  is  insoluble  alao  in  alcohol,  ether, 
and  glacial  acetic  acid. 

Gun-cotton  is  not  affected  by  dilute  adds  or  alkalis;  but  nitrie  add  of  specific 
grayity  1'46  attacks  it,  producing  a  lower  substitution-product  which  weighs  only  |tha 
of  the  original  tiinitrocellulose.  Strong  ttdphuric  acid  dissolyes  it  with  some  dimeulty, 
and  the  solution  does  not  torn  black  eyen  when  heated  to  a  high  temperature,  though 
it  then  giyes  off  carbonic  anhydride  and  nitric  oxide. 

Strong  potaBk4ey  dissolyes  gun-cetton  rapidly,  especislly  if  heated  to  about  70^, 
with  formation  of  ammonia,  nitrous  acid,  oxalic  acid,  and  other  acids.  The  alkaline 
solution  reduces  an  ammoniacal  sobition  of  silyer,  and  has  in  fact  been  used  for 
silyering  mirrors. 

A  solution  of  poUusio  aulpkydraie,  especially  if  mixed  with  alcohol,  reproduces  the 
original  ootton,  with  formation  of  potassic  nitrate  and  a  little  ammonia. — Ferrous 
sulphate  exerts  a  similar  reducing  action,  likewise  reproducing  the  original  ootton 
(B^ champ).  Gun-cotton  placed  in  contact  with  stdphurie  acid  and  metallic  mereurjf, 
giyes  off  all  its  nitrogen  in  the  form  of  nitric  oxide.  On  account  of  these  last  three 
reactions,  ^;un-ootton  is  regarded  by  B^hamp,  Pelouze,  Cmm,  and  other  chemists,  as 
analogous  in  oonstitution  to  a  nitric  ether,  rather  than  to  such  compoonds  as  nitro- 
benzene, nitrobenzoic  add,  &c,  inasmuch  as  the  latter,  when  treated  with  reducing 
agents,  are  conyerted  into  other  compounds  oontaining  nitrogen,  whereas  gun-cotton, 
like  the  nitric  ethers  and  nitrates  in  general,  is  depriyed  by  these  reagents  of  the  whole 
of  its  nitrogen,  and  in  some  cases  reoonyerted  into  the  original  ootton-wooL 

Ghin-cotton  is  a  remarkably  stable  substance,  but  neyer^eless  appears  under  certain 
circumstances  to  undergo  a  slow  spontaneous  decomposition.  It  has  been  stored  in 
Austria  for  twelye  years  in  wooden  boxes  without  exhibiting  any  sign  of  alteration ;  and 
some  that  was  taken  to  Italy  in  1859,  and  thrown  aside  where  it  was  exposed  for  a 
long  time  to  a  hot  sun  in  black  boxes,  was  afterwards  found  unaltered.  Some  yarieties 
of  gun-cotton,  howeyex,  when  enclosed  together  with  litmus-paper  in  a  tube,  exhibit  an 
acid  reaction  eyen  at  ordinary  temperatures.  The  more  completely  the  free  acid  has 
been  remoyed,  the  less  does  the  gun-cotton  appear  to  be  liable  to  spontaneous  decom- 
position either  slow  or  sudden;  and  in  this,  according  to  some  authorities,  consists  the 
advantage  of  washing  the  gun-cotton  with  an  alkaline  solution  or  impregxiating  it  with 
soluble  glass.  (See  Gmelin's  Handbook,  xy.  175 ;  Chmtieal  Dscknology,  i.  [4]  &00 ;  also 
Melsens,  Bull.  Soc  Chim.  1865,  i  35.) 

Gun-cotton  prepared  by  XiOnk's  process  is  not  liable  to  explosion  by  percussion ;  it 
may  detonate  between  iron  and  iron  if  a  heavy  blow  be  struck,  but  only  that  part 
explodes  which  was  hit,  without  communicating  ignition  to  the  surrounding  partides. 
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If  a  heavy  blow  be  strack  on  giin<-oottoxi  with  an  iron  hammer  upon  bronze  or  any 
other  oomparatiyely  soft  metal,  or  npon  stone,  no  detonation  takes  plaoe.  Otto  fotmd, 
on  the  other  hand,  that  pyroxylin  prepared  with  nitric  acid  alone,  explodes  like  fulmi- 
nating mercnry  when  struck  with  a  hammer. 

The  temperature  at  which  gun-ootton  explodes  has  been  Tery  accorately  determined 
by  Baron  Von  Ebner,  who  fixes  the  lowest  temperature  at  136^  C.  (277^  Fahrenheit); 
but  the  heat  required  is  usually  stated  to  be  greater  than  this.  Aooording  to  Melsens 
gun-cotton  which  has  been  washed  with  soda  and  retains  a  small  quantity  of  the  alkali^ 
does  not  explode  till  heated  to  180^,  and  similar  obserrations  have  been  made  by 
Payen,  Felouze,  Piobert^  Van  Kerckhoff  and  others. 

On  explosion,  gun-cotton  is  almost  entirely  resoWed  into  gases,  leaving  only  about  1 
per  cent  of  natural  mineral  constituents,  the  smaU  amount  of  silica,  if  it  has  been  tili- 
cated,'and  possibly  a  trace  of  carbon. 

Lieutenant  yon  Karolyi  (PhiL  Mag.  [4]  xxvL  272)  has  Ailly  investigated  the 
products  of  the  combustion  of  gun-cotton  and  gunpowder,  under  circumstanees  analo* 
goufl  to  those  which  occur  in  practice.  In  his  first  experiments,  he  exploded  the 
gun-cotton  in  a  Torricellian  vacuum,  made  in  a  eudiometer  about  a  metre  in  length, 
across  which  was  drawn  a  very  thin  platinum  wire,  that  could  be  ignited  by  a  gal- 
vanic battery.  The  gases  were  analysed  in  the  usual  manner,  wiUi  the  following 
results: 

By  Tolame.  B/  weight. 

Carbonic  oxide 28*56  28*92 

Carbonic  anhydride 19*11  30*43 

Marsh  gas 11*17  6*47 

Nitric  oxide      .        .        .        .       \        .        .  8-88  9*69 

Nitrogen 8*56  8*71 

Carbon 1*85  1*60 

Aqueous  vapour 21*93  14*28 

10000  100*00 

It  was  found  that^  on  exploding  a  somewhat  larger  quantity  of  gun-cotton  under  the 
same  circumstances,  when  therefore  the  combustion  takes  place  under  comparatively 
greater  pressure,  the  proportional  quantities  of  the  products  change,  and  the  quantity 
of  nitric  oxide  diminishes.  Hence  the  deoxidation  of  the  nitsogen-compounds  during 
the  combustion  takes  place  more  completely,  the  greater  the  work  which  the  gun-cotton 
has  to  perform  while  exploding.  This  circumstance  suggested  to  Kux>lyi  me  idea  of 
exposing  the  gun-cotton  during  its  combustion  to  a  resistance  so  regulated  that  it  just 
gives  way  at  the  moment  when  the  gun-cotton  is  completely  burnt  He  therefore 
placed  a  vessel  filled  with  gun-cotton,  which  offered  the  necessary  resistance,  in  a  sixt^ 
pound  mortar,  which  was  then  exhausted,  and  the  gun-cotton  was  exploded  by  a  thin 
platinum- wire  heated  to  redness  by  the  electric  current.  An  analysis  of  the  gases  pro- 
duced under  these  circumstances  gave  the  following  numbers : 

By  volama  By  weight. 

Carbonic  oxide 28*96  29*97 

Carbonic  anhydride 20*82  83*86 

Marsh  gas 7*24  4*28 

Hydrogen 316  0*24 

Nitrogen 12*67  13*16 

Carbon 1*82  1*62 

Aqueous  vapour 26*34  16*87 

10000  100*00 

It  will  be  observed  that  in  this  latter  case,  which  is  analogous  to  what  takes  place 
in  practice,  no  nitric  oxide  is  formed,  but  a  certain  amount  of  hydrogen,  and  a  larger 
proportion  of  nitrogen  and  aqueous  vapour.  When  exploded  in  this  manner,  10 
grammes  of  gun-cotton  was  found  to  yield  67*40  cubic  centimetres  of  gas,  at  0^  C.and 
1  metre  pressure.  These  gases  are  combustible,  on  account  of  the  large  quantity  of 
carbonic  oxide  they  contain. 

For  the  results  obtained  by  Karolyi  firom  gunpowder  burnt  in  a  similar  manner,  see 
u.  968,  969. 

Abel  (Proc  Boy.  Soc.  xiii.  204)  has  made  a  series  of  ingenious  experiments  on  the 
combustion  of  gun-cotton.  He  finds  that  when  quantities  of  gun-cotton,  varying  from 
one  to  two. grains,  in  the  form  of  a  loose  twist  laid  double,  are  ignited  by  means  of  a 
platinum  wire  in  highly  rarefied  atmospheres,  they  bum  very  slowly,  presenting  by 
daylight  an  appearance  as  if  they  smouldered.  The  pressure  in  the  case  described 
must  not  exceed  8  inches  of  mercury ;  but  the  rarefaction  necessary  for  the  result 
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Tsriei  withtbe  qaantitjof  gnn-oottoo,  its  mechanieal  oo&ditaoii,it8  potition  with  fefer- 
enoe  to  the  ■oiira>  of  heat,  the  quantity  of  heat  applied,  and  the  duration  of  its  applicatioa. 

Gun-«>tton,  when  ignited  in  small  qnantitiea  in  zaiefted  atmoaiAerefl^  may  exhibit, 
during  its  oombnstion,  three  distinet  luminous  phenomena.  In  the  moat  highly  mi- 
lled atmospheres,  the  only  indication  of  combustion  is  a  beautiful  green  glow,  or  phos- 
phorescence, which  surrounds  the  extremity  of  the  gun-cotton  as  it  is  slowly  trans- 
formed into  gases  or  Tapours.  When  the  prasure  of  the  atmosphere  is  increased  to 
one  inch  (with  the  proportion  of  gun  cotton  indicated),  a  £unt  yellow  flame  appean  at 
a  short  distance  ttom.  the  point  of  decomposition ;  and  as  the  pressure  is  increased, 
this  pale  yellow  flame  increases  in  sise,  and  erentually  appean  quite  to  obliterate  the 
green  li^St  Lastly,  when  the  pressure  of  the  atmosphere  and  consequent  proportion 
of  the  oxygen  in  the  confined  spaee  is  considerable,  the  ootton  bums  with  the  ordinary 
bright  yellow  flame.  There  can  be  no  doubt  that  this  final  result  is  due  to  the  almo^ 
instantaneous  secondary  combustion,  in  the  air  supplied,  of  the  inflammable  gasAS 
eyolyed  by  the  explosion  of  the  gun-cotton.  The  pale  yellow  flame  will  take  place  in 
larefled  nitrogen. 

'  In  a  series  of  experiments  made  under  gradually  diminished  pressures,  oxygen  being 
used  instead  of  air,  it  was  found  that  the  gun-cotton  exploded  instantaneously,  with  a 
bright  flash,  until  the  pressure  was  reduced  to  1*2  inch ;  from  this  pressure  to  that  of 
0*8  inch  it  still  burned  with  a  flash,  but  not  instantaneously ;  and  at  pressures  below 
0*8  inch  it  no  longer  burned  with  a  bright  flash,  but  exhibited  the  comparatiyely  slow 
combustion,  accompanied  by  the  pale  yellow  flame.  In  atmospheres  of  carbonic 
anhydride,  carbonic  oxide,  hydrogen,  and  coal-gas,  this  pale  yellow  flame  is  seen  as  in 
nitrogen ;  but  the  two  latter  gasee  hare  a  great  tendency  to  extinguish  the  combustion, 
doubtless  on  account  of  their  high  cooling  powers  by  conyection. 

The  slow  kind  of  combustion  of  gun-cotton,  in  the  form  of  twisty  may  be  obtained 
also  in  a  powerful  current  of  atmospheric  air,  if  the  thread  of  cotton  be  placed  in  a 
somewhat  narrow  glass  tube.  Indeed,  it  was  found  that  if,  eyen  for  the  briefest  space 
of  time,  the  gases  resulting  ftom  the  first  action  of  heat  on  gun-cotton  upon  its  ignition 
in  open  air  are  impeded  from  completely  enyeloping  the  burning  extremity  of  the  gun- 
cotton  twist,  their  ignition  is  prevented,  and  the  g^n-cotton  continues  to  bum  in 
the  slow  and  imperfect  manner,  undergoing  a  transformation  similar  in  character  to 
destroetiye  distillation.  By  proper  arrangements,  these  gases  may  be  burnt  at  the 
mouth  of  a  tube  while  the  gun-cotton  is  burning  in  the  interior.  There  is  little  doubt 
that  these  products  of  decomposition  yaiy  as  greatly  as  the  phenomena  themsehres : 
thus,  in  the  instances  of  the  most  imperfect  metamorphosis  of  gun-cotton,  the  products 
included  a  considerable  proportion  of  a  white  yapour,  slowly  dissolved  by  water,  as 
also  small  quantities  of  nitrous  acid,  and  a  yery  large  proportion  of  nitric  oxide ; 
cyanogen,  too,  is  always  fbund.  This  contrasts  greatly  with  the  simpler  products  of 
decomposition  found  hy  Earolyi  when  the  gan-cotton  was  exploded  under  tne  pressure 
of  a  confined  space. 

Abel  considers  that  the  renuukable  facility  with  which  the  combustion  of  sun- 
cotton  in  air  or  other  oases  may  be  modified,  might  be  taken  advantage  of  to  produce 
a  variety  of  mechanical  effects ;  and  he  states,  that  by  endosinfl  in  suitable  cases  solid 
cords  made  up  of  two  or  more  strands  of  gun-cotton,  more  or  less  compactly  twisted, 
he  has  succeeded  in  producing  fuses  and  ^ow-matches,  the  time  of  burning  of  which 
may  be  accurately  regulated. 

PracHeal  Application  to  Gunnery. — Gun-cotton  is  used  for  artillery  in  the  form  of 
thread  or  spun-yam.  In  this  simple  form  it  wUl  conduct  combustion  slowly  in  the 
open  air  at  tne  rate  of  not  more  than  1  foot  per  second.  This  thread  is  woven  into  a 
texture  or  circular  web.  These  webs  are  made  of  various  diameters;  and  from  them 
common  rifle  cartridges  are  made,  merely  by  cutting  them  into  the  proper  lengths, 
and  enclosing  them  in  stiff  cylinders  of  pasteboard,  which  form  the  cartridge.  In  this 
shape  its  combustion  in  the  open  air  takes  place  at  a  speed  of  10  feet  per  second. 

The  gun-cotton  vam  is  used  directly  to  form  cartridges  for  large  guns,  by  being 
wound  round  a  bobbin,  so  as  to  form  a  spindle  like  that  used  in  spinning  nulls.  The 
bobbin  is  a  hollow  tube  of  paper  or  wood.  The  object  of  the  wooden  rod  ia  to 
secure  in  all  cases  the  necessary  length  of  chamber  required  fi»  the  most  effective 
explosion.    (For  figures  see  Chemical  Technology,  i.  [4]  506.) 

Practically,  gun-cotton  is  most  effective  in  guns  when  used  as  ^  to  |  weight  of  powder, 
and  occupying  a  space  of  Uths  of  the  length  of  the  powder-cartridge,  and  of  such  density 
that  11  lbs.  occupy  a  cubic  foot. 

Lenk's  gun-cotton,  when  used  as  a  substitute  for  powder,  is  found  to  possess  the  fol- 
lowing advantages:  1.  Greater  safety  during  the  nianufiicture.~2.  The  possibility  of 
keeping  it  under  water  at  any  time,  or  of  immersing  it  on  any  sudden  emergency, 
without  damaging  it. — 3.  Its  being  uninjured  by  damp.-— 4.  Easier  and  safer  convey- 
ance, inasmuch  as  one  ton  of  gun-cotton  does  the  work  of  at  least  three  tons  of 
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gonpowder ;  and  there  is  no  fear  of  the  dangerous  '*  getting  to  duBt,"  and  spiUing. — 
1.  The  force  of  its  explosion  can  be  re^;iiuited  so  as  to  piodnce  Tarions  reralts 
desired.  According  to  its  mechanical  condition,  it  may  be  made  to  hare  any  speed  of 
explosion,  from  1  foot  per  second  to  1  foot  in  y^  of  a  second,  or  to  instantaneity. 
The  instantaneooB  explosion  of  a  large  quantity  of  gon-cotton  is  made  use  of  when  it 
is  required  to  produce  destructive  effects  on  the  surrounding  material;  the  slow 
combustion,  when  it  is  required  to  produce  manageable  power,  as  in  the  ease  of 
gunnery. — 6.  It  learee  no  residue  in  the  gun  on  explosion. — 7.  It  produces  no  smoke. — 
8.  The  gases  produced  on  explosion  are  less  ix\jurious  to  the  gun,  and  to  the  men  serving 
it. — 9.  It  does  not  heat  the  gun  so  much. — 10.  It  produces  smaller  recoil,  only  two- 
thirds  of  that  from  gunpowder,  the  projectile  effect  being  equal.  This  depends  probably 
to  a  certain  extent  on  tne  solid  residue  of  exploded  gunpowder  bavins  to  be  projected 
in  addition  to  the  shot,  and,  as  is  generally  thought,  at  much  higher  speed.  The 
remainder,  General  Von  Lenk  attributes  to  a  different  law  of  combustion.  On  account 
of  the  smallnees  of  recoil,  a  lighter  and  shorter  gun  may  be  employed. 

On  the  other  hand,  gun-cotton  has  some  disadvantages  as  compiured  with  gunpowder. 

1.  It  is  suspected  of  being  liable  to  spontaneous  decomposition  under  certain  un- 
known circumstances. — 2.  It  ignites  at  a  lower  temperature. — 3.  For  use  in  guns,  it 
requires  greater  care  and  precision  in  the  manufacture  of  the  cartridge,  lest  its  great 
power  should  be  exerted  in  rending  the  piece,  rather  than  propelling  uie  ball. 

Applicatum  to  other  Military  Purposes, — However  suitable  gun-cotton  may  seem  to 
be  as  a  source  of  projectile  power,  it  is  still  better  adapted  to  other  purposes  for  which 
an  explosive  is  required.  Indeed,  its  capability  of  instantaneous  explosion  enables  it 
to  perform  easily  some  descriptions  of  work,  which  gunpowder  could  scarcely,  if  at  all, 
accomplish. 

The  condition  necessaiy  to  produce  instantaneous  and  complete  explosion,  is  the 
absolute  perfection  of  closeness  of  the  chamber  containing  the  gun-cotton.  The  reason 
of  this  is,  that  the  first  ignited  gases  must  penetrate  the  whole  mass  of  the  cotton ;  and 
this  they  do,  and  create  complete  ignition  tnroughout,  only  under  pressure. 

For /uses,  gun-cotton  is  woven  into  a  web,  steeped  in  sutpetre,  and  oorered  with  an 
Indian-rubber  jacket  The  combustion  of  this  takes  place  at  about  30  feet  per  second, 
and  produces  a  sharp  noise,  heating  but  not  tearing  the  jacket.  Such  a  fbse  will  fire 
although  a  considerable  weight  be  placed  upon  it,  and  it  may  be  doubled  up  without 
fear  of  the  fire  oommunicatins  frt)m  fold  to  fold.  If  ordinary  gun-cotton  thread  be 
fired,  iffnition  takes  place  at  the  rate  of  only  about  one  foot  per  second. 

Sieus  with  holes  are  easily  filled  with  gun-cotton  web,  and  projectiles  that  open  may 
be  chaiged  with  compressed  gun-cotton.  In  this  way  a  much  larger  amount  of  force 
may  be  stored  up  in  the  shell  than  with  gunpowder;  consequently  it  bursts  into  double 
the  number  of  pieces ;  and  it  is  said  that  the  stronger  the  sheU,  the  smaller  are  the 
frajB^mentB  into  which  it  is  broken.  **  It  is  a  well-known  fact,  that  a  bag  of  gunpowder 
nailed  on  the  gates  of  a  city  will  blow  them  open.  In  this  case  gun-cotton  would  frul ; 
a  bag  of  gun-cotton  exploded  in  the  same  way  is  powerless.  To  blow  up  the  gates  of 
a  city,  a  veiy  few  pounds  of  gun-cotton  earned  in  the  hand  of  a  single  man  will  be 
sufficient ;  only  he  must  know  its  nature : — ^in  a  bag,  it  is  harmless ;  exploded  in  a 
box  it  will  shatter  the  gates  to  atoms."  A  small  box  containing  gun-cotton,  merely 
flung  down  close  to  palisades,  and  exploded  by  a  galvanic  batteiy  or  a  fuse,  will  open 
a  passage  for  troops. 

The  same  force  has  been  applied  to  the  destruction  of  bridges.  *' A  strong  bridge 
of  oak,  12  inches  scantling,  24  feet  span,  was  shattered  to  atoms  by  a  small  box  of 
25  lbs.  laid  on  its  centre :  the  bridge  was  not  broken,  it  was  shivered." 

For  military  mining  the  gun-cotton  charge  is  placed  in  little  barrels  with  strong 
hoops. 

The  effect  of  gun-cotton,  when  exploded  under  water,  is  very  remarkable.  The 
action  is  so  instantaneous  that  the  water  has  no  time  to  vield,  And  thus  it  is  unneces- 
sary to  place  the  chaige  in  contact  with  the  body  to  be  aestroyed,  as  is  said  to  be  liie 
case  when  gunpowder  is  used.  "Two  tiers  of  piles,  10  inches  thick,  in  water  13  feet 
deep,  with  stones  between  them,  were  blown  up  by  a  barrel  of  100  lbs.  of  gun-cotton 
placed  8  feet  from  the  face  and  8  feet  under  water.  It  made  a  clean  sweep  through  a 
radius  of  15  feet^  and  raised  the  water  200  feet.  The  iron  anchor  used  to  keep  the 
box  in  position  was  found  broken  across.  At  the  close  of  the  Italian  campaign,  some 
experiments  on  ships  were  made  at  Venice,  in  the  presence  of  the  Emperor  of  Austriiu 
In  one  of  these,  a  barrel  of  400  lbs.  weight  was  placed  near  a  sloop  in  10  feet  of  water, 
the  nearest  part  of  the  hull  of  the  vessel  being  about  18  feet  distant ;  yet  the  sloop 
was  broken  to  pieces,  and  these  were  hurled  into  the  air  to  the  height  of  400  feet. 
This  kind  of  explosion  is  attended  with  terrific  noise.  It  was  observ«l  that  the  fishes, 
for  perhaps  half  a  mile  round,  were  stunned,  and  fioated  on  the  sur&ce.  They  recovered 
after  awhile,  but  not  till  many  had  been  picked  up  by  hand." 
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AppUeatum  to  SUuting. — Oim-ootton  thzeAd  is  span  into  ropes  is  the  osnal  my, 
vp  to  two  inches  diMneter,  hollow  in  the  centre,  lliis  is  the  fonn  need  for  blasting 
and  mining  panoses ;  it  combines  great  density  with  speedy  explosion,  and  in  this  fonn 
the  gnn-eotton  is  oonveniently  coiled  in  casks  and  stowed  in  boxes.  The  fact  that  the 
action  of  gun-cotton  is  violent  and  rapid  in  exact  proportion  to  the  resistance  it  en- 
connters,  tells  ns  the  secret  of  its  fiir  higher  efficacy  in  mining  than  gonpowder.  The 
stronger  the  rock,  the  less  gun-cotton,  compamtiTely  with  gunpowder,  is  neceesaiy  forthe 
effect ;  so  much  so,  that  while  gun-cotton  is  stronger  than  powder  as  8  to  1  in  artilleiy 
it  is  stronger  in  the  proportion  of  6'274,to  1  in  a  strong  and  B<^d  rock,  weight  for 
weight  Its  power  of  splitting  up  the  wiaterinl  can  be  regulated  at  wilL  As  it  is  not 
iiame  to  be  spilt  about  uy  the  miners  like  powder,  there  is  less  danger  of  accidental 
explosion.  The  absence  of  smoke  in  its  explosion,  also,  conduces  to  the  comfort  of 
the  woikmen. 

PjfrottyUnfor  the  prtparoHon  of  CoUodum, 

It  has  alroady  been  stated  that  the  highest  nitro-substitntion  product  of  cotton, 
namely  trinitxocellulose,  C'H^(NO')'0*,  doetf  not  diseolTc  in  a  mixture  of  ether  and 
alcohol,  but  that  the  lower  compounds  are  capable  of  doing  so.  It  is  these  compounds, 
therefore,  that  are  alone  available  for  makuig  that  solution  of  gun-cotton,  which  is 
known  by  the  name  of  collodion.  They  are  produced  when  weaker  adds  aro  employed, 
or  when  the  precautions  mentioned  aoove  m  the  preparation  of  Lenk*s  gun-cotton  are 
not  observed  (p.  779). 

These  lower  nitro-substitution  products  of  cellulose  do  not  resemble  the  original 
cotton  in  appearan<*e  so  closely  as  the  highest  compound  does ;  for  they  show  more 
signs  of  the  action  of  the  acid  on  the  fibre.  Indeed,  there  is  at  least  one  compound 
which  is  soluble  in  nitric  acid,  whether  fuming  or  of  as  low  a  specific  gravity  as  1*26, 
and  may  be  precipitated  as  a  granular  powder  on  the  addition  of  water. 

They  explode  at  a  lower  temperature  than  trinitrocellulose,  but  this  temperature 
depends  both  upon  the  nature  of  the  compound  and  the  manner  in  which  the  heat  is 
applied.  A  long-continued  heat  will  explode  a  mass  of  such  pyroxylin  which  at  first 
was  not  set  on  fi^ ;  and  there  can  be  little  doubt  that  under  such  circumstances  it  may 
be  exploded  at  a  temperature  very  little  exceeding  that  of  boiling  water;  indeed,  much 
lower  temperatures  have  been  mentioned  by  some  observers. 

These  lower  compounds,  when  expk)de(i,  leave  a  certain  amount  of  carbonaceous 
residue. 

All  these  substitution-products  dissolve  in  strong  sulphuric  acid,  but  a  solution  of 
cotton-xyloi'din,  C>*H'*(NO*)'0**,  in  that  acid,  is  chaired  at  as  low  a  temperature  as 
180°  Fahrenheit. 

These  lower  compounds  are  liable  to  spontaneous  decomposition,  which  takes  place 
very  slowly  at  first,  but  when  it  has  reached  a  certain  point,  perhaps  aft^'r  the  lapee 
of  several  years,  the  action  becomes  much  moro  rapid.  The  spontaneous  explosions 
which  have  sometimes  taken  place  with  ill-prep(ured  gun-cotton,  may  with  great 
probability  be  attributed  to  the  presence  of  these  lower  compounds.  It  does  not 
appear  to  be  proved  that  any  p^oxylin  ever  explodes  without  extraneous  heat.  light 
certainly  favours  this  decomposition,  but  is  not  indispensable,  for  it  is  on  record,  that 
pyroxylin  stowed  away  in  casks  has  evolved  a  choking  smeU  after  some  months.  The 
usual  progress  of  decomposition  is  of  this  character: — the  pyroxylin  begins  to  emit  a 
peculiar  odour,  rather  agreeable  than  otherwise ;  the  gas  mcreases,  perhaps  driving 
out  the  stopper,  if  the  pyroxylin  be  contained  in  a  stoppwed  bottle ;  the  cotton  becomes 
damp,  and  snrinks  together ;  and,  as  decomposition  goes  on,  the  fibre  disappears,  and 
there  remains  a  eummy  mass,  probably  interspersed  with  crystals.  The  gases  include 
nitric  oxide,  and  apparently,  in  some  cases,  prussic  acid.  The  aystals  consist  of 
oxalic  add,  and  the  residue  is  a  mixtnro  of  products  consisting  of  water,  nitric  acid, 
and  several  organic  acids  not  alwajs  soluble  in  water. 

The  pyroxyun  used  for  the  preparation  of  collodion  is  not  a  definite  compound,  but  a 
mixture  of  two  or  more  varieties  of  nitrocellulose.  It  may  be  prepared  by  treating 
cotton-wool  either  with  oil  of  vitriol  and  nitrate  of  potassium,  or  with  a  mixturo  of  strong 
nitric  and  sulphuric  adds.  In  the  former  case,  60  grains  of  cotton-wool  pulled  out  into 
separate  balls  of  about  the  size  of  a  walnut,  is  immersed  in  a  mixturo  of  6  fiuid  ounces 
of  oil  of  vitriol,  ^  oz.  (avoird.)  of  dried  saltpetre,  and  1  fiuid  ounce  of  water.  The 
cotton  must  be  well  stirred  about  in  the  liquid,  kept  at  the  temperature  of  140°  Fah. 
for  about  two  minutes,  then  suddenly  thrown  into  cold  water,  and  briskly  moved  about 
till  thoroughly  washed.  When  nitrosulphuric  add  is  used,  laiger  quantities  may  be 
operated  upon  at  once:  viz.  400  grains  of  cotton -wool,  6  fiuid  ounces  of  nitric  add  of 
spedfic  gravity  1*46,  18  fluid  ounces  of  oil  of  vitriol  of  spedfic  gravity  1"84,  and  4| 
ounces  of  water.  In  this,  as  in  the  former  case,  very  rapid  washing  is  necessary, 
otherwise  spontaneous  decomposition  will  take  place,  attended  with  evolution  of  red 
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ftimeB.  For  details  of  maaipTilation  see  Hardwich's  Maraud  of  Photographio  CKemUtrp; 
alBO  Technology  J  i.  [4]  513.  The  properties  and  uses  of  collodion  have  been  already 
described  (I  1084). 


(from  wv^poSf  yellow)  is  the  name  given  by  G.  Bose  to  a  mineral 
occurring  at  Mnisinsk  in  the  Ural,  in  small  orange-yellow  octahedrons;  also  by 
Teschemacher  to  a  perfectly  similar  mineral  from  the  Azores,  which,  according  to 
Hayes,  consists  chiefly  of  niobate  of  zirconinm.    (Dana,  iL  346.) 


Syn.  with  Pybbol. 

tU  This  name  was  given  by  Polex  (Bens.  Jahresb.  six.  433)  to 
an  alkaloid  extracted  by  alcohol  from  tl^  root  of  CheUdomum  majus,  and  distinguished 
by  forming  red  sparingly  soluble  salts  with  acids.  It  is  doubtless  identical  with 
chelerythrme  (i.  847). 

yYSAHO&STXVa  A  brown  hnmns-like  substance  found  by  Forchhammer  in 
the  fossil  pine-wood  of  Denmark,  and  regarded  by  him  as  a  humate  of  boloretin 
(i.  619).  It  is  soluble  in  alcohol,  insoluble  in  ether,  and  when  its  alcoholic  solution 
is  mixed  with  a  quantity  (^  ether,  not  sufficient  to  produce  a  precipitate,  and  ammonia 
then  added,  humate  (ulmate)  of  ammonium  is  said  to  be  precipitated,  while  boloretin 
remains  in  solution.  The  substance  appears  however  to  be  merely  a  mixture  (Handw. 
d.  Chem.  vi.  739). 

ITS.    Syn.  with  Qt    kitb. 

'•    Magnetic  pyrites.     (See  Ijion,  Sulpuuibs  of,  iii.  401.) 

C*H*N.    (B  u  n  ff  e,  Pogg.  Ann.  xxxi.  67 . — ^A  n  d  e  r  s  o  n,  Ed.  Phil.  Trans. 

X3L  [2]  247;  xxi.  [4]  671. — Schwanert,  Ann.  Ch.  Pharm.  cxv.  279.) 

Sutory. Bunge  was  the  first  to  observe  that  the  products  of  the  destructive  dis- 
tillation of  coal  contained  a  substance  which  caused  fir-wood  moistened  with  hydro- 
chloric acid  to  assume  a  red  colour.  It  is  not  necessai^  to  moisten  the  wood  with  the 
liquid  to  be  tried,  it  is  sufficient  to  hold  it  over  the  liquid  containing  the  pyrrol.  Bunge 
considered  pyrrol  to  be  a  gas,  but  he  never  prepared  it  in  a  pure  state. 

Formation, — 1.  Pyrrol  appears  to  be  produced  in  almost  every  instance  where 
animal  or  vegetable  matters  containhag  nitrogen  are  subjected  to  destructive  distil- 
lation (Gr.  Williams).— 2.  It  is  also  produced  in  considerable  quantity  by  the 
destructive  distillation  of  mucate  of  ammonium,  occurring  as  a  product  of  decomposition 
of  the  dipyiomucamide  (carbopyrrolamide)  formed  in  the  first  stage  of  the  decomposition 
(p.  766).— 8.  By  heating  carbopyrrolic  acid,  C»H*NO«,  which  is  resolved  thereby  into 
.pyrrol  and  carbonic  anhydride  (p.  764).  .,,..,*    u  j      i.i    • 

Preparation.  1.  From  bone -oil.— The  oJis  shaken  up  with  dilute  hydrochloric  or 
sulphuric  acids,  and  the  acid  solution  is  distilled.  A  portion  of  the  pynrol  is  thereby 
destroyed,  but  the  greater  portion  distils  over  in  an  impure  state.  By  repeated 
fractional  distillation  it  may  be  obtained  with  a  boiling  point  between  132°  and  143o. 
It  is  then  to  be  several  times  shaken  up  with  dilute  acids,  to  removepiooline  and  other 
basic  impurities.  After  d]7ing  by  means  of  sticks  of  potassium,  it  is  again  frac- 
tionally distilled  until  it  boils  almost  entirely  between  134®  and  138<^.  In  this 
state  it  gives  tolerably  correct  numbers  on  analysis,  but  it  is  still  contaminated  with 
some  impurities  which  give  it  an  oflfensive  odour.  It  must  therefore  be  cohobated 
over  solid  hydrate  of  potassium  until  little  or  no  liquid  is  seen  to  rife  in  the  cohobat- 
inff  tube,  even  although  the  bottom  of  the  flask  is  heated  almost  to  redness.  The 
cohobating  tube  is  Uien  repUced  by  a  bent  tube,  and  all  volatile  matters  are 
distilled  away ;  the  residue  in  the  flask  is  poured  out  on  to  a  metal  plate  and  allowed 
to  cool  •  and  the  compound  of  pyrrol  with  potash  is  decomposed  with  water,  when  the 
pure  pyrrol  will  rise  to  the  surface  in  the  form  of  a  fragrant  colourless  oil,  which 
may  1^  dried  by  digestion  with  sticks  of  potash.  On  rectification  the  pure  pyrrol  will 
come  over  st-eaily  at  1330     (Anderson^  ,.  •     .v     .  .     i^  ^ 

2.  From  mucate  of  ammonium. — When  this  salt  in  the  state  of  dry  powder  is 
distilled,  crystals  of  carbonate  of  ammonium  are  obtained,  together  with  an  aqueous 
solution  of  carbopyrrokmide  and  a  brown  oil  chiefly  consisting  of  pyrrol  floating 
thereon ;  and  by  washing  this  oil  with  water,  dehydrating  it  with  solid  potash  and 
rectiMng  it  afl»r  stonding  over  chloride  of  calcium,  the  pyrrol  is  obtained  pure.  This 
is  a  much  easier  mode  of  preparation  than  the  former.  Carbopyrrolic  acid  (p.  764) 
does  not  yield  pure  pyrrol  quite  so  easily,  because  a  portion  of  it  sublimes  undecomposed. 

2Vo®«r<iw.-^-Colourle8S  transparent  liquid  of  delightfully  fragrant  odour  resembling 
chloroform,  but  softer  and  less  pungent.  BoUs  at  133°.  Tastes  hot  and  pungent. 
Sparingly  soluble  in  water,  but  is  readily  soluble  in  alcohof,  ether,  and  oUs.    Insoluble 
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in  alkaline  aolntiona;  diflsolres,  bat  not  readily,  in  aeid$.    Specific  giayity  of  liquid 
1*077,  of  yfoax  2-40. 

DeoompotUions. — 1.  Coloorieas  pyrrol  soon  becomes  brown  by  keeping;  it  may, 
howeyer,  alwaTS  be  xe-obtained  coloarlees  by  diatillation.  2.  A  ^ieoe  of  fir-wood 
moistened  with  hydrochloric  acid  rapidly  aoqnires  an  intense  carmine  colour  wfara 
exposed  to  even  the  minutest  traces  of  pynol  vapour.  One  drop  of  pyrrol  will  confer 
upon  the  air  of  a  large  jar  the  power  of  giving  tms  reaction.  8.  When  aeitated  with 
dilute  acids  in  the  cold,  pyrrol  dissolves  unchanged,  but,  on  heating  the  solution,  a  red 
floccolent  substance  called  pyrrol -red  (ti^-a.),  is  formed  in  such  quantity  that  the 
vessel  may  be  inverted  without  the  contents  escaping. — 4.  Solution  of  platinie  chloride 
added  to  a  cold  hydrochloric  solution  of  pyrrol  causes  the  solution  to  become  instantly 
dark  coloured,  and  in  a  few  minutes  an  abundant  black  precipitate,  containing  platinum, 
but  of  indefinite  composition,  is  deposited. — 6.  Solution  of  ferrie  chloride  causes  the 
hydrochloric  solution  of  pyrrol  to  become  first  green  and  then  black. — 6.  JHehromate 
ofpoUuaiwm  also  decomposes  a  similar  solution  with  formation  of  an  abundant  black 
precipitate. — 7.  Fjrrrol  is  rapidly  oxidised  by  nitric  add,  red  Aimes  are  given  ofi^  and« 
if  the  action  is  prolonged,  oxalic  acid  is  formed. 

8.  Alcoholic  solution  of  pynol  gives  a  white  precipitate  with  mercuzic  chloride,  and 
also  with  chloride  -of  <^i»inmj  but  it  does  not  precipitate  the  metallic  oxides 
generally. 

The  merewry-eali,  C<H^.2Hgf  d*.  is  a  white  crystaUine  powder  insoluble  in  water, 
sparingly  soluble  in  cold  alcohol :  the  solution  is  probably  decomposed  on  boiling. — 
The  cadmium-ealt,  4G«H*]ff.3Cd"a*,  is  a  white  crystalline  powder  insoluble  in  water, 
but  readily  soluble  in  hydrochloric  add. 

Pyrrol  does  not  form  any  definite  compounds  with  acids,  although  it  is  decidedly 
basic.  At  a  red  heat  it  unites  with  hydntte  o/potassium,  but  the  compound  is  decom- 
posed by  mere  solution  in  water.  C.  G.  W.   . 

ymmOT-BWD,  Ci*Hi<KK>.--When  pyirol  is  warmed  or  boiled  with  excess  of 
sulpharic  or  hydrochloric  acid,  this  substance  separates  in  amorphous  orange-red  or 
brown  fiocks,  the  colour  of  which  is  darker,  in  proportion  as  the  action  of  the  acid  has 
been  longer  continued.  It  is  also  produced  when  carbopjrrrolic  acid  or  its  barium-salt 
18  heated  to  60^  or  above  with  adds,  the  carbopyrrolic  add  being  thereby  resolved  into 
carbonic  anhydride  and  pyrrol,  a  portion  of  whidi  is  then  converted  into  pyrrol-red  aa 
above. 

Ptrrol-red  is  insoluble  in  water  and  in  ether,  but  somewhat  soluble  in  hot  alcohol ; 
insoluble  in  adds  and  in  alkalis.  Anderson  found  it  to  contain  71  *98  per  cent,  carbon, 
6'88  hydroffen,  13*69  nitrogen  and  7*66  oxygen,  agreeing  nearly  with  the  above  formula 
which  requires  71-28  G,  603  H,  13-86  N,  and  7'93  O.  Schwanert  found  in  pyrrol-red 
from  carbopyiTolie  add,  proportions  of  carbon  and  nitrogen  smaller  than  these.  Ac- 
cording to  Anderaon's  formula,  the  formation  of  pyrrol-red  from  pyrrol  maybe  represented 
by  the  equation, 

8C*H«N  +  H*0    -    C»«H»«NK)  +  NH*. 

mrzo  AOXB.    Syn.  with  pTBOBACDao  Aon>  (p.  769)^ 
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Ntcrito  •       •       •  •       • 

Nigyagite      .  ... 

Nanceic  add  .  ... 

29aphthi^ 

1.  Boghead  or  Bathgate  Naphtha 
S.  Bone  Naphtha.—^  Caoutchouc 
Naphtha.— 4.  Coal  Naphtha.— 
6.  Mineral  or  Native  naphtha 
«   Shale  Naphtha  . 

Naphthadil 

Naphthalamide  (s.  Phthalamide). 

Naphthalase 
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OctyU  Oxide  of    . 
Octyl,  Sulphide  of 
Octylamine  .        .        ... 
Octjiene       .       .       .       . 

Meta-octyleoe 
Octylene,  Acetate  of     • 
Octylene,  Bromide  of   . 
Octylene,  Hydrate  of    .        .     . 
Octylene,  Hydrato-ehloride  of 
Ocnba 
Odmyl  . 
Odonne 


Odonlolite  (s.  TarqQois> 
(Enanthic  add  and  £ther    . 

ChloroBnanthic  add  and  Ether 
CEnanthol     .... 

MetoBnanthol 
(Enauthyl    .... 
(Enanthyl,  Chloride  of 
(Enanthyl,  Hydride  of. 
<Enanthylacetoae  (■.  (Enanthylone). 
(Enanthylamide  . 
(Enanthylene  ^8.  Heptylene). 
CBnanthylic  acid  . 

CEiianthylatee 
GSnanthylic  Anhydride       • 
CEnanthylic  Etheri      . 
CEnantbylo-benzoic  Anhydride 
CEnanthylo-cnminic  Anhydride 
(Enanthylqne    .  .        .       • 
CEnanthyl^Bolpharic  add     • 
(Enanthylous  add       • 

CEnol 

Q£iiolin         .... 
(Enoraeter    .        . 

(Enyl 

(Erstedtite   .... 

Offa  Helmontii 

Ogeoite  (a.  Ripidolite> 

Ou  Gas        .  •       . 

Oil,  Qenessee  or  Seoeea 

Oil  Minerel  .... 

Oil  of  Vitriol      ... 

Oil  of  Wire  (s.  Etherin,  ii.  507). 

Oils 

A.  Fat  or  Fixed  oils : 
Vegetable  oils,  Drying  and  Non- 

diying  . 
Fish-dls  . 
Other  Animal  oils 

a.  Oil  of  Ants 

/3.  Oils  firom  Egg-yolk 

y.  Lard-oil  • 

8.  Neat's-foot  oil    . 

«.  Oil  of  Silkwozms 

Adulteration  of  Fat  oila 

B.  Volatile  oils: 
Occorrence 
Preparation 
Properties  . 

Table  of  Spedfic  Gravities  and 
Optical  Properties  . 

Hydrocarbona  from  Volatile  oils 
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170 


171 
172 


173 


174 


176 
177 


178 


179 


181 


182 
184 
185 

186 
187 


PAOB 

Oils: 

Decompodtions  •       .       .       .  188 
Combinations     .       .       •       .189 

Adulterations     ....  190 

Oisanite 191 

Okenite 

Oleamide 

Oleandrine  (b.  Pseudocurarine,  p.  743) 

Oleene  (s.  Nonylene). 

defiant  gas  (s.  Ethylene). 

defines        .        .....        .        .192 

Oleic  acid — 

Oleates  ......  198 

Adds  related  to  Oleic  add : 

a.  Hvdroleic  and  Metoldc  adda  196 

fi.  Elaldicacid  •       .       .       .  — 
Oldc  Ethers: 

OleateofEthrl     ...... 

Oleate  of  Methyl — 

Oleates  of  Glyceryl:  itfono-,  2>i« 

and  TVt-o&m     ..«..» 

Oleate  of  Manuityl        ...  196 
Oldn  (s.  Oleic  Ethers). 

Oleone ^. 

Oleophosphorio  add     .       •       .       .  — 
Oleum  Animale  Dippelii      .       .       .197 

Oleum  Jecoris  Atelli    ....  — 

dibannm 198 

•Olidicacid    .«..,..- 

digistic  iron — 

OHgoclase .- 

Oligon-spar 199 

OUve — 

Olive  oil — 

Olivenite 200 

Olivendd — . 

Olivil ^ 

Olivin 201 

Olivirutin 202 

Olivito — 

Omichmvl,  Oxide  of    •       .       .       .  — 

Omphasito .— 

Oregite — 

Onkodn — 

Onocerin      ...••.  — 

OnolVite — 

Ononetin — 

Ononxde 203 

Ononin — 

Ononis.        .       •       .        •        •        .  — 

Onospin •.. 

Onyx 204 

Oolite — 

Oosite ^ 

Opal — 

Opal  Allophane    .       .       .       .       .  205 

Ophiolite — 

Ophite  (s.  Serpentine). 

Ophitone      .        .        .       .        .        .  - — 

Opiammone — 

Opianieacid — 

Opianates      .       ...       .       .  206 

Opiano-sulphnrous  add        .       .  — 

Sulphopianic  add ....  — 

Opianic  acio.  Amides  of       .        .        .  — 

Opiammone  .        .        . '      •       .  207 

Teropiammone      .       .        .       .  _ 

Opianic  ether  (s.  Opianates). 

Opianine?     .       .  -     .               .       .  — 

Opianosulphnrona  add  (p.  206). 

Opiaayl        ....«,.-. 

Opium  ....•..•— 

Opium  fat    •••••.  208 
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PAOR 

OpivD  man 208 

Opium  resin — 

Opobalsam — 

Opodeldoe    •               .       •        .       .  — 

Ofcpanax 211 

OpniBOM      ••••••  ^ 

Ormng*  (t.  Citnu,  U.  lOOS). 
Orangito  (t.  Thorite). 

Orceio •  — 

OichelUwMdi -^ 

Orchil — 

Ofchia — 

Orein — 

8mh9i»iuiiim'derioatwta  of  Ordn  t 

firomorciB,  TVlbrcNnoKfai  .        .  218 

Trichlorordn,  Tri-iodorcin        .  214 
Cbmpommdg komolofomB  with  Ordm: 

Beta-crdn — 

.  BmxdA 216 

Orallin — 

OreoMUi — 

OreoMlont    ......  216 

Organic  Aaaljais  (i.  AaaljtiM,  I  225> 
Organic  Chamistrr       •••••— 

Orgapo-matalUc  fiodiaa       •  .217 

Formation 218 

PropcrtioB      •        •        •        •        •  228 
Potaanam,  Sodium,  and  Utbinm 

•ariea — 

Magnadam  aariai                     •  224 

Alumininm  Mriaa      .       •       .  ^ 

Zinc  loriaa 228 

Cadmium  aariai .                      •  228 

Tiniariaa — 

Biamnthaerias  ....  228 

Lead  aeriaa                ...       .  — 
Mercuric  aeries  ••..—- 

Antimony  aeriea                        .  228 

Arsenic  aeries     ....  280 

Tellnrium  series                        .  288 
(<onstitutiop    of  Organo-metallic 

Bodjea — 

Qrgaqum  (see  Marjoram). 
Oropipn  (s,  Soc^  salt). 

Orpiment 288 

OrseiUe  (a,  Ak\^\\ 

Orselleaic  ^d  (a.  OnaUlolc  acid). 

Orsellicacid ^ 

Orsellinic  add — > 

OrMllinic  ithexy 286 

Orthi^e                287 

Qrtbopu'bcpate  of  Ethyl      ...  288 

Orthoclase  (s.  F^paK^  iL  618). 

Ortho-salU   .       .       .       .       .       .  — 

Ortho^  (s.  Orthoclase). 

Osman-oamic  ac)d  (s^Osnuftmie  add). 

Osmazome    .       •    ,  •                      •  288 

Osmelite  (a.  Pectotite). 

Osmiasnic  add      ......—* 

Ofmiamide •»« 

o^^L]  <^  **^  ««)• 

Osmiridium 240 

Osmitbpsts,  Oil  or 241 

Osmium     ...•••  — 

Osmium,  Chlorides  of  .       .  ,242 

Dichloride,  Trichloride  ...  — 

Tetrachloride  .248 

Hezchloride 244 

Osmium,  Detection  and  fistimatioc  of,  — 

Osmium,  Oxides  of      •        •       .       .  245 

Protoxide.    Sesquioxide.  Dioxide  — 

Trioxide.    Tetroxide    .       .       .246 


Oamlmn,  Sulphides  of  •  « 

OssBinm-haaas,  Ammeniaeal 
Osmose  (s.  Liquids,  iH.  718). 
Ossein  (s.  Bone-cartilaga,  I  618). 

Osteolite 

Ostranite 

OstreocolU 

Othvl 

Otobniht 

OttreUte 

OuvaroTito  .       •    *  • 

Owala 

Owenlta 

Oxabensldida 

Ozacaldto 

OzacaCie  add  (sl  GljeoIUc  add,  iL  808). 
Ozalaoetie  add    .... 
Oxalan  fa.  Oxahmunide^  p.  277). 
Oxalantm    ..... 
Oxalic  acid      .... 
Oxalates       .... 
Oxalate  of  Aluminium  • 
Oxalates  of  Ammonium 
Oxalate  of  Antimony 
Ammonio-,  PoCasno^  and  Sodlo- 
antimonie  Oxalatea 
Oxalates  of  Arsenic 
Oxalates  of  Barium 
OxalateeofBiamuth 
Ammonio-    and  Sodio-biamnth 
Oxalatea 
Oxalates  of  Cadmium   . 
Oxalate  of  Gadmammonlum . 
Ammonio-eadmic  Oxalatea 
Potasao-eadmic  and  Sodio-cad 
mic  Oxalates . 
Oxalate  of  Caldum 
Oxalates  of  Cerium 
Oxalates  of  Cluoasium 

Double  Balte 
Oxalates  of  Cobalt 
Potasdo-eobaltoua  Oxalate 
Oxalate  of  CobaltrniekelHUBno- 


mum      .... 
Oxalates  of  Copper 
Oxalate  of  Didymium  • 
Oxalate  of  Gludnum 

Ammonio*  gludnic  Oxalate 
Oxalatea  of  Iron  i 

Potassio-ferrous  Oxalate  . 

Ammonio-ferrk  Oxalate   . 

Barrto-,  Calda*^  Fstasdo^  So- 
duH,  and  Staontii^ieRic  Oxa 
latea       .... 
Oxalate  of  Lanthmmm  • 
Oxalates  of  Lead : 

Potasdo-plumbic  Oxalate . 

Oxalo*nitnites  of  Lead 
Oxalatea  of  iJthinm  • 

Oxalates  of  liagaesinm 

Ammonio^magnesio  Oxalates 

Potasno-magnesic  Oxalatea 
Oxalates  of  If  angunaee 

Ammonio-manganonaOxalatea 

Potaasio-,  and  Sodio-manganoua 
Oxalatea 
Oxalates  of  Meroury    . 

Ammonio-mercunc  Oxalate 

Oxalate  of  Tetramereununmo- 
nium  (iii.  918). 

Potasdo-mercuric  Oxalate 
Oxalatea  of  Molybdenum  • 
Oxalate  of  Ntckd. 
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256 
287 
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PAGE 

OuUeidds 

AmmoDio-nlekel  Ozalatoe        .  262 

Osadato  of  Niekel-fioteltHnnllio* 
jAvm(h.tSS), 

Oxalate  of  PaHadlnm    .       .       .  — 

Amfnoni»»MJladi<wM  Oxalate    •  -^ 

Oxalates  of  Platlnam    .       .       .  ^ 

Oxalate!  of  Poteaaiam  ...  268 

Oxalates  of  Sabidlnm  ...  264 
Oxalate  of  fiOTer  ....... 

Ammonia-oxaiate  of  SilTor  — - 

OxalatMofSodkiin      •       •       .  — 

Oxalate  of  TantalBiiiy  .       .       •  ^ 

Oxalate  of  Tallaritim  ?  .       .       .  — 

Oxalates  of  Thallinm    .       .       .  — 

Oxalate  of  Thorinoni'   •       .       .  -^ 

Poteasio-tborinie  Oxalate .       .  -^ 
Oxalates  of  Tin     ...... 

Ammonio-  and  t^otessio-stennoiis 

Oxalates        .       •       .       •  — 

Oxalate  of  Titeninm                     .  — 

Oxslates  of  Unuuiim    .       .       .  -^ 

Ammonis-nrsDOiis  Oxalate  «- 

•  Ammonia-  and  Potessio-anuiie 

Oxalates        .       •       .       .  — 

Oxalate  of  Vanadium    .       •       .  — 

PoteSBio-Tanadie  Oxalate  .  — 

•  Oxalo-ranadis  add   «       •       •  — 
Oxalate  of  Yttrium   ^   .               .  — 

Oxalate  «f  Tttrinm  and  Pote»- 

siom.      .       .       .       .       .  267 

Oxalate  of  Zinc    •       .       •       .  ^ 
Oxalate  of  Zinc  and  Ammo- 
nium     .       •       .       .       •  "^ 
Oxalate  sf  Zinc  and  Potassium .  — 
Oxalic  acid.  Amides  «f        •       .       .  -^ 
Oxalic  Ethers      .       .       .       .       .268 

Oxalate  of  Allyl    ,       .       ,       .  — 
Oxalates  ef  Amjl,  nentnl  and 

acid    ....••  — 

Oxalates  of  Ethyl : 
Nentral  Ethvlie  Oxalate : 

OafoKe  EUner  ....  269 

Perehlorethylic  Oxalate        .  270 

Ethylnnethylic  Oxalate        .  271 

Ethyloxalle  acid       .       .       .  — 
Pentachlorethyloxalic      or 

CSiIoroxaloTJnic  add  — 

Oxalate  of  Ethylene     •       .       .  — • 

Oxalates  of  Methyl:     .       •       .  — 

Neutral  MethyHc  Oxalate  » 

ChloromethyHc  Oxalates     .  272 
Compounds    prodoced   by   the 
action  6t  Zinc-ethyl,  &c.  on 

the  Oxalic  Ethers      .  ^ 
1.  Diethoxalic,'  Diethoglyool- 

lic,  or  Leadc  ether     • 
2.- Dimethoxalic  or  Dietho- 


fflrosUioadd 
8.  %homethoxalic  or  Etho- 

methoglytdlle  add 
4.  Amhydroxalic  or  Amegly- 

ooUieacid   .... 
h.  Ethamoxalie  or    Ethamo- 

|dyedlic  add      • 

6.  XHamoxalio  or  DianK>g]y- 
collie  add  .       . 

7.  Prodncto  of  the  action  ^ 
Zinoon  »  mixtare  of  Amy- 

and  Amylic 


278 

274 

275 


279 
280 


281 


282 
284 


285 


276 


lie    Oxalate 
Iodide.       . 

Oxalite         .       .       .        . 

OxalmethyloyiBide  (i>.  271> 


277 
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Oxalovinie  add  (s.  Ethyl-oxalic  addy 
p.  271). 

Oxalonunide 277 

Oxalnrsnilide 278 

Oxaluic  add 

OxalylnomethyUdeCp.  271). 
Oxamethane   (s.    Ethylic    Oxamate, 

p.  2801 
Oacamethylane  (s.  Meth jlxc  Oxamate. 

p.  281). 
Oxamic  add        .... 
Oxamates     .... 
Oxamie  Ethers    .... 
Amylic  Oxamate  or  Oxamylane 
Ethylic  Oxamates: 
'  Oxamethane     • 
Chloroxamethane 
Ethyloxamic  add 
Ethylic  Diethyloxamate    . 
Methylic  Oxamates: 
Oxamethylane  . 
Metbyloxamic  add    . 
Ethylic  Dimethyloxamate 
Phenyloxamic  or  Oxanilic  acid 

Oxamide  • 

Dimethyloxamide . 
Diethyloxamide  . 

Diamylozamide    .       .       • 
Naphthyl-oxamides : 
Dinaphthyl-oxamide    or  Ox»- 
naphthalide    .... 
CyanodinaphthTloxamide       or 
Menaphthoximide   .        .       • 
Phenyloxamides : 
Monophenyloxamide  or  Oxani* 
lamide    .    *    .  . 

Diphen^loxamide  or  OxanHide . 
Pjnmodiphenyloxamide  or  Me- 
lanoximide     .... 
Oxanaphthalldel  /^  ooev 
Oxanilamide      /  ^P-  '^>- 
Oxanilic  add  (s.  Phenyl-examk  add, 

p.281\ 
Oxanilide   (a.    Diphsnyloxamidsb    p. 

Oxanuina 

Oxanthracene  (s.  Paranaphthalene). 

Oxatolylicadd 

Oxethyl 

Oxetbylene-basss  (s.  Ethylene-bassi^ 

Oxethyl-triethjl-phosphoninm  (8.Pho^ 

phonisbasesy 
Oxhayerite  (s.  Apophyllite,  L  257). 

Oxonic  add  .    -  .       .       . 
Oxarlc  add  .    -  . 
Oxyacanthin        .... 
Oxyaeanthine  .       , 

Oxyanisamic  add 

Diaiioanis-oxyanisamic  or  Dtaso- 
ani^-amidanisic  add  . 
Oxybenzamic  add 

Acetoxybenzamic  add  . 

Benzoxybenzamlc  add . 

Diacobenzo-oxybensalnic  or  I>ia< 
zobenao-amidobenadc  add 

Diazobenzdc  add . 

Dioxybenzamic  add 
Oxybencodiamide        •       • 


286 


287 


290 
291 
292 


294 
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Ozjbtnsoic  acid  .       •       • 
lodoxybenzoic  add 
Nitroxybensotc  acid      • 
Trinitrozybeoioic  acid . 

Oxybatjric  add 


FAOB 

295 


OxvbutyroxTUpro^ooio  athar    •       •     — 
Oxjcarboxylic  acid      .       •       •       .      — 

CartMxylic  acid     .•••—• 
Oxycarminic  add         .        .        •       •      — 
OxTchloric  add  (a.  Perchloric  add,  L 
910\ 

Oxvcnloridea ^ 

Oxychloroearbonic  add  (a.  Chloride  of 
Carix>nyl,  i.  774> 

OxydDchonina — 

Oxycobaltic  wlu  (a.  Cobalt-baata,  Am- 

moniaca],  L  1066). 
OxycrocoDlc  add  (a.  Lanconic  add,  iiL 

684). 
Oxycnnninamic  add     •       ...       .    297 

Diaaocnnun  oxvcanuDainic  add  . 
Oxycnmioic  acid  (a.  Cnminic  add,  iL  179). 
Oxydibromophenyl-aalphnric  add 
Oxyflaoridaa        .... 
Oxygea      

ActiTO  Oxygen  or  OiODa  .    299 

Oxides  and  Hvdrataa    .  .808 

Metallic  Oxides  and  Hydrateai 
their  Classification .        .        .      — 

Oocnrreoce  and  Formation  of  Me- 
tallic Oxides       ....    807 

Peroxides  of  Organic  Radicles  .  809 
Oxygen,  Detection  and  Estimation  of  .  811 
Oxygenated  Water       .  .812 

Oxygenold 

Ozygoanine 

Oxygammic  add  .... 
Oxynippnric  acid .... 
Oxv-hvdrogen  Blowpipe 
Oxyiodic  add  (s.  Periodic  acid,  iiL  807) 

Oxylisation 818 

OxyUsaric  add  (s.  Pnrparin). 
Oxymethyl-carbonic  acid     . 
Oxymethyl-triethyl-  phosphoninm 
Ozymoiphine       .... 
Oxynaphthalic  add 

Chloroxynaphthalic  and  Perchlor 
oxynaphtnalic  adds  . 
OxynaDhthyl,  Chlorides  of  .  .814 

Chlorid'e  of  Cbloroxynaphthyl  and 
Chloride  of  Perchloroxynaphthyl      — 
Oxynaphthylamine      ....      — 
Oxyparatartaric  add    ....    816 
Oxypeucedanin  (s.  Peucedanin). 
Oxypbenic  add — 

Acetoxyphenicaad  Bensoxyphenlo 

adds 817 

Oxyphenyl-anlphnric  add  .       .  .     •      — 
Oxyphorphyric  add     .        .        •       .      — 

Oxypicric  acid — 

()xypinitannic  adds     .  .        .819 

Oxyporphyric  add  (s.  Porphyric  add). 
Oxyprotdn  (s.  Protein). 

Oxypyrolic  add — 

Oxyqninine  ......    820 

Uxyrrophone — 

Oxysalicylic  add — 

Dioxy8ali<7lio  or  Gallic  acid        .      — 

Oxysalts — 

Oxystxychnines — 

Oxysnlphides — 

Oxysniphocarbonic  Ethers  (a.  Sulpho- 
carbonic  Ethers). 


or. 


Oxymlphoplatiiioeyaiiida  of  Potaaaimn 
(a.  CvanUa  of  PUtiiMim,  H.  267^ 

Oxyanlphoaolpharona  add  (a.  Hj 
aulphnrooa    add,    under    Sol; 
Oxygen^adda  of). 

Oxyayuic  add     .       • 

Oxyterephthalamlb  add 

Oxyterephthalk  add  • 

OxytoUc  add       •       . 

Ozytolnamic  add 

Oysters        ... 

Ozarkite 

Osooerite  or  Oaokarite . 

Ozone  (SL  Oxygen,  pw  299). 

Osone-nydrogen  . 

Osone-water 


821 


Pachnelo      ..•••• 

Pachnolite    .••••• 

Packfbng  or  PadctoDg. 

PsBonln.       ••••.• 

Pagodite  (a.  A^ralmatoUteb  L  60). 

Paiabergite  (a.  Rhodonite). 

Pakoe  Kidang  (a.  Gibotinm,  iL  962). 

PaltBO-ciystab 

Palagonite 

Paligorskite 

Palisander  Wood 

Palladamine      )   (a.  PaUadiam-baMU^ 
Pallad-diamineJ      Ammoniacal). 
Palladanilamine  )       (a.    Palladinm- 
Palladethy  lamina  j      baaea,  Organic). 
Palladium 
Palladinm,  Alloys  of   . 
Palladinm,  Bromide  of 
Palladinm,  Carbide  of  . 
Palladium,  Cbloridea  of 
Palladinm,  Qyanidea  of  (a.  Cyaoidei,  iL 

260). 
PalUuUum,  Detection  and  Eatilmatioa 

of: 

1.  Reactiona  .       .       .       • 

2.  Estimation  and  Separation 
Atomic  Weight 

Palladinm,  Fluoride  of.       ^ 
Palladium,  Iodide  of    . 
Palladium,  Oxides  of  . 
Palladium,  Selenide  of. 
Palladium,  Sulphide  of 
Palladium-bases,  AmmoniMal 
Palladium-baaea,  Organio    . 
Palmic  add  (a.  Ridndaldio  ndd). 
Palmin  (a.  Ridndaldin). 
Palmitamide        •       •       .       •       • 
Palmitic  acid 

PalmiUtea,  Metallic     . 
Palmitic  Ethers 

MethyUc  Palmitate       . 

Ethylic,  AmvUc,  Ce^lic,  and  My- 
ricylic  Palmitates 

Pahnitatea  of  Qlyoeiyl  or  Palmi- 
tins 

Palmitate  of  Mannityl  . 

Palmitin 

Palmitone    .       •       •       .       •       • 
Palmitonio  add 

Palmit]^! 

Palm-oil  or  Palm-butter 

Palm-angar 

Palm-wax    .       •       •       . 


BM 
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827 


880 


881 
884 


886 


R86 


887 
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887 


888 
889 


840 


841 


Palm-wine  .... 
PHnahaae  (s.  Tetrah«diite). 
Pancreatic  jnioe  •  '  •  • 
Papaverine  ,  ^  »  , 
Papvrin  .... 
Parabanicadd 

Methjl-parabanic  add . 
Dimethyl-parabanic  add 
Diphenjl-parabanic  acid 
Parabenzene  or  Parabenxol  . 
Parabromalide 
Parabromomaidc  add  (i.  Maleic  add, 

iii  788). 
Paracacodjlic  Oxide  (s.  Anenic-radi- 

clea,  Organic,  i  407). 
Paraoyputene  (a.  Oiuputene,  i.  711). 
Paracampboric    acia    (a.    Camphoric 

add,  i.  780). 
Paracarthamm     .       •       •        .       . 

Paracelluloee — 

Paracetone  (a.  Pinnaoone). 

Parachloralide — 

Parachlorobensoic  add         .       .       .     — 
Pandtric  add  (e.  Aoonitic  add,  L  54). 
Paracolambite      ...••      — 
Paracyanic  add    .       •       .       .       .     ^ 

Paracvanoffen — 

ParadigiUletin 842 

Paradiphoephonium  -  componnds     (a. 

Phosphorua-baaes). 
Para-ellagic  add  (b,  Bnfigallic  add). 
Paraffin        •••...—- 
Manufacture  of  Paraffin  and  Paraf- 

finoila 

Liat  of  Memoira  relating  to  Paraf- 
fin and  allied  matters     . 
Paraglobularetin  (a.  Globnlarin,  ii.  846). 
ParagonJte  (a.  Pregrattite,  p.  724). 

Paraguay  Tea 

Parahex^lene 

Paralactic  add 

Paralbumin  (a.  Albumin,  i.  68). 

Paraldehyde 

Paralldoateriam  •        •        •       •       . 
Paralogite    ...... 

Param 

Paramaldc  add  (a.  Fnmaric  add,  iL 

741). 

Paramalicadd 

Parameconxc  add  (a.  Comenic  add,  L 

1108). 
Parameniapemune  (a.  Meniapermine,  iii. 

880). 
Paramic  add  >  (a.  Melliticadd,  Amidea 
Paramide       j     of,  iii.  878). 
Paramidobenaoic  add  (a.  Para-oxyben- 

zamic  add,  p.  851). 
Paramorphine  ^a.  Thebaine). 
Paramorphooa  Ciyatals 
Paromucic  acid  .        . 

Paramylene  or  Diamylene    . 
Paramylone. 

Paranaphthalene  or  Anthracene 
Bromanthracene    . 
Chloranthraoene    • 
Oxanthraoene 
Dinitroxanthraoene 
Paranicene   .       •       •       • 
Paranidne    .... 
Paraniline    .... 
Paranitrobenzoic  add  (a.  Nitrodracylic 

addt  p.  60> 
Paranthin     .       .       •       •       • 


844 
847 

849 


850 


851 
852 


Fara-oxybenzamic  add 

Azo-paraoxybenzamic  add 
Para-oxybenzoic  add  . 
Parapectic  add  and  Parapectin  (a.  Pec 

tic  add  and  Pectin). 
Paraphoaphorio  add 
Parapicoline . 
PararhodeoretJn 


FAGB 

862 
858 


854 


Paraaaccharoae 

Parasalicyl  . 

Paraaitea 

Paraaorbic  add  (a.  Sorbic  add). 

Paraatilbite 

Paraaulphatammon  (a.  Sulphamide). 
Paratartaric  add  (a.  Bacemic  add). 
Paratartramide  (a.  Bacemamide). 
Paratartralic  and  Paratartrelic  adds 

(a.  Bacemic  add). 
Paratartrovinic  add     .        .        .       . 

Parathionic  add 

Parat«>loene  or  Paratoluol    •       • 
Parellic  add  and  Pardlin    . 
Par^;aaite     .••••• 
Pancine        •••••. 

Paridin 

Paridol 

Parietic  add 

Parietin 

PariaBlue 

Paria  Lake  (a.  Canaine  Iiake). 
PariaBed     ...... 

Pariaite        ••..•• 

Pariatyphnin 

Parmelia 

Parmel-red  and  Parmd-yellow    • 

Parthenicadd 

Parting 

Paaaive  atate  of  Metala  (a.  Electridtv, 
ii.  480). 

Paste  or  Straas 

Pastinacene  ...... 

Paato-reain 

Patchouli 

Patina 

Patrinite  (a.  Adculite). 

Paulite 

Paulownia 

Pavietin 

Payiin •       . 

Pea 

Peach  (a.  Fruit,  ii.  715). 

Peacock  Copper  ore      .        .       •       • 

Peart 

Pearl-ash 

Pearl-mica  (a.  Margarite). 
Pearl-sinter  ..•••. 

Pearl  spar 

Pearl-atone  .  •  •  •  .  • 
Peastoneor  Pladite-  .  •  •  • 
Peat     .       .  .       .       • 

Pectaae'        .  .       •       . 

P^in*^^}  (»•  P«*«»  Subatanoea> 

Pectolite 

Pectooa  Subatances      •       •       •       . 

Pectin 

Parapectin 

Metapectin 

Pectoaicadd 

Pecticadd 

Parapectic  add     •       •       .       . 


850 


856 


857 


858 


860 


863 


863 
864 
865 
866 


868 
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869 


of  PteCln  and  th«  nmtoal  nU- 
tkiM  of  PedQH  falMtannM 


870 


Pogmatite  .... 
Pegvatolite  (i«  OrthoelaM). 
PosniB  •  •  •  • 
PduniBO  (■.  Ltpidin^  iiL  678). 


PeUigone 

PeUi^oiioM  ^8.  Nob jloDO,  p.  184>. 
PeUrgoalc  acid    .... 
Pelargonic  anhydrido  . 
Pelangoak  £tkor . 


871 


Pelargrl 

P^^fHair — 

PeUcanite — 

PeUov — 

PellutdiM — 

PeloconiCo •      "^ 

Pelopiam  (a.  Niabim,  p.  48). 

PeloaiiH — 

PoDcatHe 872 

Pengbawar  S^ambi  ....  — 
Pennino  ...•••  -* 
Pennite  (a.  aydgmackjA-wuigoatikB,  li. 

218). 

Ponta    .,. *~ 

Pentachlorox^iB  or  PaataflhkioxTloiw  — 
Penta*olpbopvrophoapha.to    of    Ethyl 

(s.  SttlphopWphode  etben). 
PentatfaioQk  acid  (a.  8«lpbar,  OsygOB- 

acktiof), 
Peotothylepic   Aloohol   (i.  Ethykn^ 

Hydrateao4ii677). 

PeploUte — 

Pepper  (a.  Kp^r). 
Peppermiiit'campbor  (i.  Menthol,  iiL 

Peppermint-oil   (a.   Piperite,    Olenm 

MenUuB,  p.  659). 

Pepsin — 

Pqttonea  878 

Per 874 

Perbrqmic  add     .....— 

Perchlorate^ — 

Percblprio  ^ber 876 

PerdiloropUtinoqranidea  (a.  Qyanidai^ 

U.268).   . 
Perchloroqninone  (b.  QoiaoBo). 
Pereblorombian  (s.  Rabian). 
Percbloroxynapbtbalic  add  (a.  Oxy- 

napbtbalip  addf  p.  818). 

Percylite 877 

Pereirioe       ...       ...       •       .      — 

Peridaae *- 

PericUn  (a.  t'elapar,  iL  621). 
Petidote  (a.  OHtui,  p.201>. 
Pedmorphoaa  Cijatab .       .        .       .     — 
Periodic  add  (a.  Iodine,  Ozygen-adda 

of,  iii.  807). 

Peristerita «- 

PjBElite  (a.  Pearlatone,  p.  868). 

Permanent  White         .        .        •       .      — 

Pennanganatea  (a.  Biangaxuc  add%  iii 

819). 
Perofwite  or  Perpwakite      •       •       .     — 
Perowakin  (,8.  Tripbylin). 
Peroxidea  (a.  Oxygen»  pp.  804»  809). 
Perapiration 878 


PAOB 


878 


881 


888 


388 


PerapTTOTlk  add  (iL  Sali^rBe  ludd). 
PeFmlphidaa        ••       •       . 
Peranlphocyawie  add    •       •       • 
PeraalphBcyaneyn      •       •       • 

Perthlte 

Pern  Balaaaa  (a.  Batenab  L  496). 

Pervno  add  •       .       «       .     ._ 

PeniTfai  (a.  GinqrUc  alodbol,  L  992> 
PeUUte 

PeCinina       .11.1 
Petrol 

Trinitropetrol        •       •       • 

Nitropatioldianiiiia 

IViethyl-nitiopetvoldimioe  . 

Petrolena 

Petrdeoin     ••••••     ~* 

PetroaUex 886 

Petontse — 

Petdte — 

Peneedanin — 

Nitropeocedania    •       •       .       •     — 
Fencyl  (a.  Tarebilcoe). 

Phaoolita 887 

Pbacenin — ' 

Pbasoretin — 

Pb»oain  or  PhaBOdc  add      .       .       .     ^ 
Pharmaoooaldta  (a.  OUrenite). 
Pbamaoolito        ...••      — 
Pbarmacodderite  (a.  Cobe-ore,  iL  171). 
Pbaaeolna  (a.  Bean,  L  624). 
Phaaeomannite  (a.  Inoaitc^  iii.  274). 

Pbeaaant •      — 

Plienadte  or  Phenakite        ... 

Phenamebie • 

Pbenamylol,   Phenates;  Phenetot  (a. 

PhenoL  p.  891). 
Phengite  (a.  Mnaeorite). 
PbenK  add  (a.  Phenol). 
Phenicine     •       .       .       • 
Pheooicadd        •       •  • 

Phenol 

Phenatea,  MetalMc 
Phenates,  Alcoholic:  Anisol,  Phe- 
netol,  Pbenamylol  • 

Fheod,  Derivatirea  of . 

1.  AKMDOphenie  add!    •       • 

2.  Chlorophenic  adds: 
Dichlorophenic  add  •       » 
Tricblorophenic  aeid .       • 
Pentacblorophenic  add     • 

8.  lodophenic  adda 
4.  Nitropbenic  adda : 

Nitrophenic  add       •       • 
laonitroDbenic  add   . 
Nitrodidiloropbenic  add  . 
Nitro-di-iodophenic  add  • 
Dinitrophenie  add    • 
Dinitrooromophenic  add  • 
Diniirocblorophenic  add  . 
Trimtrophenic  or  Picric  add 
Pieratea,  Metallic  . 
Pieratea,     Alcoholic:    Picric 

Eithen         ... 
Pieratea  of  Organic-baaet 
Pieratea  of  Hydrocarbona 
Gomponnda  piodnced  by  the  ac- 
tion of  Kedadng  Agenta  on 
the  Nitropbenic  adda : 
L  By  ehi^jthide  o/Ammmhm : 
Nttrophenamic,     Dinitro-di* 
phenamic  or  Amido*  nitro- 
pbenic add      .       •       .    406 
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891 
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898 
894 
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400 

408 

405 
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Sthyl-nitiophenidiDe  or  Ni- 
trophenendine  •       •       • 
Picnunic»  Dinitrophenamio 
or    Amido-dinitrophenio 

add 

Kitrochlorophenamic    or 
Amidonitrochloropheoic 
add.       .       .       .       • 
%  By  EydriotSe    add    and 
Stamioui  Chhride. 
Pieramioe  . 
8.  Bv  €^aiddBofroia$ibnu 

Metaparpuric  add 
4.  By  NUromg  meUL 


a 


Diasoxiitrochlorophenol 
Appendix  1o  PhmgUdtH^ 
Tri-iodoplunic  add^ 
Phenol-blae . 
Phenoicacetic  add 
Phenyl       . 

Bromopbenyl 

Chlorophenvl 

Nitropnenyi  and  laonitrophenjl 

Bromonitropbenyl 

Amidophenyl  or  Bensidine   . 

Aroidooitrophenjl 

Bromamidophe^yl  or  Bromobend 
dine 

Diasobenddineor  Tetruodiphenyl 

Diazobenddine-aniline  or  IKaao- 
diphenvlene-diphenjl-tetnuBide 
Phenyl,  Bromide  of  • 
Phenyl,  Chloride  of 
Phenyl,  Cyanide  of 
Phenyl,  Hjdrate  of  (p.  289). 
Phenyl,  Hydride  of,  or  Bensene 

Azo-  and  Amidobenzenea 

Monobromobenzene       • 

Di-,  Tri-,  and  Tetra-bromobensene 

Monochlorobenzene 

Dichlorobensene    .        . 

Trichlorobenzene  •       • 

Mono-iodobenzene        • 

Bromiodobenzene  .        • 

Mono-  and  Di-nitn>bensene 

Nitrobromobenzene 

Nitrodibromobenzene    . 

KItrotetrabromobeniaBe 

Nitrodilorobenzene 

Dinitrochlorobenzene    . 

Trinitrodilorobenzene^     Trinitron 
phenylic   Chloride,  or  Chloro 
picryl         .... 
Phenyl,  Iodide  of  (p.  416). 
Phenyl,  Oxide  of 


Phenyl,  Snlpbidee  of: 
Protosulpbide       • 
Dienlphide     .... 
PhenyKsnlphydrate  of. 
Phenvlacetamide . 

Bromo-,  Chloro-  and  Nitrophenyl 
aeetamideo 
Phenylamic  or  Anilic  adds .     ^  . 
Phcnvlamides  or  Anilldes    . 
Phsoylamldes  or  Anile . 
P^nylamines-.       . 
A.  Phenyl-moDamines  . 
If  onophenylamine  or  Anilfaie 
History,  Fomiation,  Prepara 
tion     «... 


Fhenylamines: 


PAOH 


406 


407 


409 


410 
411 


41S 
418 


414 
413 

416 


417 
418 

419 


of 


PropsptisB      •       •       . 
Deoompodtaons      • 
Bdts  of  Aniline 
SnbetitDtion  -  derivatives 
AniliaB; 
z.  Formed  by  replacement  of 
HvdroffiBB  witUa  the 
Fnenyl-radide 
AsopheDviamias 
Bromaniline    • 
IMbromaoilina. 


Azodibromophen^lamins 
Chlorophen^lamiiM  .   or 

Chl<»anibne  •  . 
Dichloraniline.  • .  • 
Tridiloraniline  •  • 
Ghlorodibromanllina 
Acochlorophenylamine  • 
Asodidilarphenylamine  . 
pyanophenylanune  tr  G^- 

anilide.       •       •  .     • 
Cyananiline     •       • 
lodophenyUauM  or  lo- 

damHna       .       •       • 
Aao-iodophenylamine 
Hitrophenylamhis  or  Ni- 

traniline  •  •  • 
Dinitraniline  •  •  • 
Trinitnmiline  or  Picra- 

mide  .       •       • 

Azonitrophenylamine     • 

n.  Derivatives  of  AoiHns 

formed  by  replacement 

of  the  extra-radical  or 


typic  Hydroffsn 
llvfanilii 


420 


Allylaniline 
Amylaniline    •       • 
Diamylanilina.       • 
Cetylaniline    •       • 
Ethylaniline    •       • 
DieUivlaniline         . 
Ethylbromaniline    • 
E^ylcbloraniline    • 
DieUiylcbloraniUne  • 
Ethyl-allyl-aniline  • 
Ethyl-amvl-aniline 
Methylamline  • 
Methyl-amyl  aniline 
Methyl-ethyl-anilina 
Diphenylamine 
Tnphenylamine      • 
Tolyl-  or  Beugrlaniline 
Yinyl-aniline  . 
B.  Phenyldiamines       .       • 

1.  EAigluiM'Compomidt : 
Ethylene-dipnenyl-d  iamine 
Ethylene-diphenyl-diethyl* 

diamine      .       •       • 

Dietbylene-diphenyl-dtamine 

2.  Eihylident-«impo¥ndM, 
Ethylidene-dipbenvl-diamine 
DleOiylidene  -  diphenyl  -  dia- 
mine .       ■       •       •       . 

8.  Phenyl  -  dia$nme»    coniammg 
oiker  Atdehydt-radieUt, 
DIdlylidene-niphenyl-diamine 
Diamylidene-dipbenyl-dia- 

mine  '.*.... 
Dibenzylidene-di  phenyl-dia- 
mine  .... 


421 
422 
426 


429 
430 


486 
488 


440 
441 


442 

444 
446 


447 
449 


449 


450 


451 


458 


458 
454 

455 


456 
457 
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FhwiTlimiiwi  t 

BeBsyUdMM-dkthyl-dlplMiiyl- 

diamiiie      ....  468 
DihflptjUdMM-dlphMyl-di- 

BUIM     .          ■          «           •           .  ^— 

HeptylidMe-dialljl-diplMOjl- 

Uijnina      .       .       .       .  — 

HaptjrUdflDA-dMhyl-diphcnjrl- 

diamiiM      ....  459 

ProdocU  of  the  action  of  Cin- 
namie,  Caminu^  and  Sali^- 

Uc  adda  on  AniliiM  — 

Fonnjl-diphenyl-diamine  — 

AaoaipbanyUdiamina  — 

Aao-bromo-dipheoylHliaiiiine  460 
Aao-dibiomo-dipbenyl'diamina  — 

Aso-chloro*diphenjl>dJaaune  — 
Aao-dkfaloro-dipbenyl-diamiiia  — 

Aao-nitro-dipheDyl-diamine  .  461 

A«o*pbcnyl-naphthyi-diainina  -» 

C  Cyatiio-«m|f/-AdMtiut  .  — 
CyaBo-dfpbenylHliaiiiina     or 

■Malanilmo  .                       .  '<— 

DibromomaUmlina                •  468 

Dichloromelaoilina         .        .  — 

Diniodomelaniline  .       •       .  -» 

Dinitromalaniline  .       .        •  464 

Dkyanomeianiline .       •       .  -* 

C  Pbanyl-iriainiDaa : 

1.  Cano-triphenyl-triamina     •  — 

jj— >— <i?i»   ^    Pi^fffiffafftfitft :     i^iitffiu 

Anilino-black        ....  465 

Aniline-blae 466 

ABiliiie-brDwn       ....  — 

Anilina-green  or  Emeraldina        •  — 
Anilioe>purpla  or  Maaya:  Man- 

veiiM 467 

Salta  of  M  anToina      .       .       •  — > 

Aniline-red  or  Boaaniline: 

Preparation        ....  468 

^Parification  .        .        .469 

CSompoaitlon  and  Formation  — 

Salta  of  Roaaniline     .  .470 

DerivatiTes  of  Roaanillna  .        .  471 

Tri-etbyl-roaaniline       .       .  — 

Aniline- Tioleta    .        .        .  — 

Tripbenrl-roaaniline  or  Ani- 

line-bme     ....  472 
Tritolyl-roaaniline  or  Tolni- 

dine-blae — 

Aniline-yellow  or  Gbryaaniline  473 

Pbenylunmoniama       ....  — 
L  Containing  only  Alcohol-radi- 

clea — 

Trietbyl-pbenylammoniam        .  474 
Metbyl-ethyl-amylo-pbeDyUm- 

moninm .        ...                .  — 

Ethyl-tripbenylammoninm  ?  — 
2.  Phen^d-ammoninma  containing 
Metala: 
Antimony,  Arsenic,  and  Biamatb- 

compoonds     ....  — 
Gadminm,  Mercnry,  Palladinm, 

Tin,  and  Zinc-compounds       .  475 

Pbenyl-amyl 476 

Pbenyl-aniaamida        ....  — 

Phenyl-arsenamic  add .       ...  — 
Pbenyl-benzamidea : 

rbenyl-benaamide  or  Bensanilide  476 
Pbenyl-nitrobenzamida        .       .477 


Pbenyl-bansamidei : 

Pbenyl-dibanaamida  or  Dibansa- 

nillda 

Dipbenyl-beniamida 
Pbenyl-tolyUbensamidaorPbfloyl 
benzyl-bensamida 
Phanvl-benioyl    . 
Benzbydrol    . 
Bensbydrolic  athera 
Pbenyl-bensylamina 
Pbenyl-baosylenamina 
Pbenyl-bromimaaatin  • 
Pbanyl-bntrramida 
Pbenyl-carbamic add  (a.  Garbamieaddt 

L  751). 
Pbenyl-carbamidaa  (a.  Garbamidaa^  L 

755). 
Pbenrl-cetybaminaa  (a.  Pbenylamine% 

enyl-  " 
atina 
Hirl- 
jnlnc 
enyl- 
989). 


Pbenvl-cblorimeaatin  (a.  Pbenyl-ime- 

aatina,  p.  485). 
Pbanyl-cblorocyanamide   (a.  Pbenyl- 


nea.  p.  442 


da 


Pbenyl-dnnamida   (a.   Cinnamide,   i. 


Pbanyl-dtmoonamidaa   (i.  Citraconio 
acid,Amideabf,  L998). 

PboDyl-dtramidea     (a^    Citric    acid, 
Amides  of,  i.  1000). 

Pbenyl-diaminea  (a.  Phenylamines,  p. 
454). 

Pbanylene-diamtne       .... 
Nitropbenylene-diamine 
Kit  ropheny  lene-oiamide 
Nitropbenyleue-ozidiamic  add 
Asophenyrene-diamine  . 
AaobromopbenyleDe-diamina 
Asodibromophen^lene-diamina 
Azochlorophenylene-diamina 
Aso-iodo-pbenylene -diamine 
Axo-nitro-pbenylene-diaroioe 


Aaonitropbenylenic  add 
Ipbo-dii 
pbamic  Etners). 


Pbenyl-disalpbo-diamic  add  (a.  Sal- 


romophenjl-ethyl 


C 


Pbanyl-ethyl 

Kitropbenyl-  etby 
Pbenyl-etliylaminea  (s.  Pbenylaminea^ 

p.  4501 
Phmyl-mrmamida  (a.  Foimamidf^  vL 

Pbeiiyiic  add  (a.  Pbenoi,  p.  889). 
Pbenylide  of  Benzoyl  (a.  Pbenyl-ben- 

xoy],  p.  478). 
Pbenylide  of  Salpbopbenyi  (a.  Sa1pbo> 

benxide). 
Pbenyl-imeeatins         ... 
Pbenyl-itacooamic  add  and  Pbenyl- 

itaconamide   (s.  Itnconic   add,  'iii. 

435). 
Pbenyl-malamic  add  and  Pbenyl-ma- 

lamidea  (s.  Malic  add,  Pbenylatad 

Amidea  of;  iiL  797). 
Pbenyl-mercaptan  (a.  Pbenyl,  Qolpby- 

drate  of,  p.  418). 
Phenyl-metbyl     ..... 
Pben;^l  -metbylaminaa — ^Pbanyl-pbtha- 

limide       .       ..... 

Pbenjrl-pyrotartramic     add—* Pbenyl- 

yalenunide 

PhUUpaite 

Pbillygeoin 

Pbillyrin 


477 
480 


489 
481 
488 


484 


485 


485 


486 


487 
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Phleema 488 

Phlenm  (s.  Qnaaea,  iL  948). 

PhlobApneno — 

Phloffiston  (a.  GombnBtioii,  L  1089^  and 

QMS,  iL  774—782). 
Phlogopite  (s.  Bfica,  Ui.  1012). 
Phloramine  . 


Phloretamic  add 
Phloretk  add 

Phbratatea 

Dibromopbloretic  add 
tropl 
Phloratio  etnen 


Dinitropnloietic  add 


Aoetyl-phloretic  add 

Ethrl-phloretic  add 

Amyl-plilontic  add 
Phloretin 

Tetrabromopfaloretin 

Nitropbloretm 

HetapbloFBtiii 
Pbloratol 
Pbloretyl 
Phlorixdn    . 
Phlorisin      .        .        • 

Pblorizataa    . 
Pblorocrladn 

Tnoromopblorofflvdn 

Nitropbloroglam  . 

Aoetyi-pblorogliidn 

Bencojl-pblofogladn 
PbloTone. 

Metapblorone 
Pboceoie  add(s.Delpbinicadd,ii.809> 
Pbocenil  or  Pbooenin  (a.  Delphin,  ii. 

809). 
PhcBiuda  (a.  Indigo-salpbnric   adds* 

iiL  261). 
Pboanidto  (a.  Melan<Mhroite»  iii.  866;. 
Pbolarita      ...... 

Pbonolite  (b,  ClinkstODe,  i.  1025). 
Pbormiiie  (a.  Morphine,  iii.  1051). 
Phorone  (a.  Campborone,  L  788). 


489 

490 
491 


492 


498 


494 

495 
496 


497 


498 


Phoageoe 

Pboagenite 

Pboaphacetic  add        .... 

Pboapbam 

Pboapbamic  add 

Phoapbamidea 

Pbospbammoniama     .... 
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Polyethylenic  Alcohols  (s.  Ethylene, 

Hydrates  of,  ii  576) 
Potymllc  add  or  PolygaUn  (a.  Seue- 

PoTygamarin        ...        .      ,.        .    687 
Polygonum  fagopyrum  (s.  Buckwheat, 

i685). 
Polyglycerie    Alcohols   (s.   Glycerylt 

Hydrates  o^  ii  894). 

PoI>lialite — 

Polylactyl-compounda  (s.  Lactic  Acid 

and  Ethen,  ixi  461*^4). 

Polylite — 

Polymerism -— 

Polymigoite — 

Polymorphiam      ....•     — 
Polysilicic  adds  (s.  Silicates). 
Polyspherite.       •....-* 

Polyterebenes — 

Polytelite  (s.  Tetrahedrite). 
Polythionic  adds  (s.  Sulphur,  Oxygen* 

adds  of). 

Polyxene 688 

Pompholyz •     ^• 

Pongamia — 

Poonahlite — 

Poplar-buds — 

Poppy — 

Poppy-oil 689 

Populin — 


Porcelain 
Porcelain 
Porodain* 


Poroelain-dav  (s.  Clay,  i.  1024). 
Beaiimi 
844> 


kur's   (s.    (ilassy    ii 


Poroelain-flpar  (&  Scapolite). 

Porpezite — 

Porphyricadd — 

Oxyporphyric  add               .       .  691 

Porphyrite — 

Porphyroxin — ■ 

Porphyry      ....»•  — 

Poi^ise-oil — 

Porporino •  -^ 

Porter  (s.  Beer,  i  529, 583). 

Portite — 

PorUand  Cement — 

Portland  Stone •* 

Portugallo-oil — 

Potamogeton — 

Potaah 692 

Potashes      ••....— 

Potash-lime *- 

Potass  or  Potaaia,       .               .       .  — 
Potassium        .       .        .       .       • 
Potassium,  Alloys  of    .... 
Potassium,  Amides  of  .       .       . 

p^tfljifinmj  Antiniftniilft  of  (S.  AlllilllOny, 

i  817). 
Potasdum,  Arsenide  of 
Potassium,  Boride  of?  . 
Potassium,  Bromide  of . 
Potasdum,  Carbide  of? 
Potasdum,  Carboxide  of 
Potasdum,  Chloride  of .       .       .       .697 
Hemichloride  or  Subchloride  of 

Potasdum 698 

Potasdum,  Cyanide  of  (s.  Cyanides,  ii 

268). 
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700 

701 
702 
704 
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^otMiiiiiB,  DeUetion  and  Estimatioii 

of: 
L  BeaetioDS  in  the  Dry  way 
8.  Beactiooa  in  Solation        • 
8.  EsUmatioa  and  Separation 
4.  Atomio  Weight 
Potaaeiiini,  Fluoride  of. 
PotaMiam,  HTdxato  of 
PreparaaoQ  .       • 
Propertiea 
Reactions 
Potawinm,  Hydride  off 
Potaaaiiun,  Iodide  of     . 
Potaariom,  Nitride  of  • 
Potaariom,  Oxide  of    . 
Poturfnm,  Phoaphide  of 
Potaerinm,  Seleiudea  of 
Potaaalnm,  Silicide  of  . 
Potaannm,  Snlphidea  of 
LiTerofSolphnr   • 
Potaednni,  SoIphocartMnate  of  (a.  Sol 

phocarbonatea). 
Potaaainm,  Snlphocyanateof  (a.  Snlpho- 

cyanatea). 
Potaadmn,    Snlphomolybdate  of   (•. 
Molybdennm,  Snlphidea  of,  ilL  1044\ 
Potaanum,  Solpbophoephate  and  Sul- 
phophoaphite  of  (a  Pnoaphonu,  Snl- 
phidea qI;pp.  608,  604). 
Potaaainm,  SnlphotiiDgatate  and  Sv^ 
phoranadate  of  fa.  Tnngaten  fnd 
vanadinm.  Sulphides  oH. 
Potassiunu  Solphydrate  of  .       •       .      — 
Potassium,  Telfnride  of        .        •        .      — 
Potassium-ethyl  and  Potaasinm-niatbyl    709 
Potassium-salts,  Manufacture  of  .       .      — 
I.  Manufacture  of Potaasiuni-carbo- 
nate  from  the  ashes  of  Timber 
and  of  Land-plants  in  general  #     — 
L  Potaah  from  the  ash  of  Fofvt- 

timber 718 

2.  Fotaah  aa  a  bye-pcadoet  from 
the  mannfactora  of  Baet-rool 
and  Gane-angar     .  .    712 

8.  Sulphate  and  Carbonata  9i 
Potassium  as  bye-produeta  la 
the  manufartaire  of  Tartaric 


add 


718 


u.  FfoiQ  the  Afl]^  of  Marine 

PlanU 714 

m.  FiomSea-waier,firina-epring^ 
And  Saline  pepoalta : 
1.  From  Sevwater            •       .716 
9.  From  BiinO'Spriiuai      .       .    717 
8.  Preparation   of   rotaasinm- 
chl^ride  from  the  Balt-beda  of 
Sta^sfrirt        .       .       .       .718 
IT.  From  Felspai  and  other  Sili- 
cates        719 

Y.  Potafh  torn  Wool    .       •       .720 

Potato  .#...,•     

PoUto-ikt 728 

Potato  fusel-oil  (p,  Fusd^il,  i^  758). 

Potsione •* 

Potter's  CUy  (t.  Clay,  L  1024). 

Pottery 728 

Pounxa        ......      — 

Poorprite     ......— 

Powder  (a.  Gunpowder), 

Powder  of  Algaroth 

Poszuolana  ..••..    724 

Praae 

Praseo-oobalt       •       •       .       . 


— 


PraseoUte 
Pradn  .  • 

Praaochrome 
Precipitate   . 
Precipitate,  White 
Precipitate,  Bed   . 
Predazzita    . 
Pregrattite  #       * 
Prehnite       • 
Prehnitdd    . 
Primula       .        • 
Primnlin 

Prince's  Metal      . 
Printing,  Chemical 

Uuography . 

Ch  romolithography 

Zincography . 
Propalanine  .  • 
Propargrlic  Ether 
Prophetin  •resin  • 
Propiooamide       • 

DichloroproplDDamide 
Propione      •       « 
Propionio  aaid     « 

Propionatea  . 
BomeprDfaoiue  ■mn 

,  Chloropropinnir  arid 

'  Indapropionie  add 

Kitroprm>ionie  add 
propionic  Aldehyde 

Tribfomopropionic  Aldabjpda 

Pentachlorofspionio  Alaafayde 
Propionic  Btheia  •       •       .       . 
PiopiOBitrila.       .... 

Dichloropropioaiitrile 
Propyl  or  Tri^l  •       •       .       • 
Propylamine  (m.  Tritylamine). 
Propylene  (s.  Thritylene). 
Propylic  Alcohd,  Ether,  &e.  (a.  THtylic 

Alcohol  Ether,  8ko.). 
Proeopita      •••.«• 
Protagon      •«»•.. 

Protein 

Protheite  (a.  YeanTian). 

Protic  add    ...... 

Protobastite 

Protocatechuic  add      .       .       .       • 
Proto-compounds ..... 

Protogine 

Prouatite 

Provence  Oil 

PmnelleSalt 

Prunnerite  ••.••• 
Prunna.  .  •  •  .  .  • 
Prussian  Blue  ..... 
Prusdc  add  (s.  Cyanide  of  Hydrogen, 
li  214). 

Pmasin 

Prsibramite  ...»•• 
Psatyrin  (s.  Hartin,  iii.  14> 
Paeudo-aoetic  acid  (a.  Bntsrracetic  add, 

ii688). 
Pseudo-albite  (s.  Andesin,  i.  291). 
Pseudo-alkamin  (a.  Anchusin,  i.  290). 
Pseudo-apatite     .       .       .  -     . 
Pseudo-butylic  alcohol  (s.  Tetzyllc  al- 
cohols). 
Pseudo-chiysolit**  • 

Psendo-ceruh 

Pseudo-curarine 

Pseudo-diallyl-aloohol  0^  Diallyl-com- 

pounds,  in  Appendix). 
Paeudo-erythrin 
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Paeudo-bexjl-alcohol )  (b,    S«oondarj 
Psendo-hex^l-glycoli  j  Alcohols). 
Pseado-leacine  (s.  Leucine,  liL  682). 
Paeado-libethenite  (s.  Phoeplutes,  p. 

661). 
Psendo-malachite  (p.  661). 
Pseiidomorph       .       .       •       •       .    744 
p8eadomorphlne(B.  Morphine^  ilL  1061). 
Pseado-orcin   (s.   Eiythronuumite  li. 

604), 
PseodoproDylio   Alcohol   (a.  Trityllo 

Alcohols). 

Pseadophite — 

Psendo-porpnxiii  (a.  Pnrpnrin). 

Pseado-quaxtzite — 

Psendo-qninme — 

Psendo-stearoptenes     •       •       .        •      — 

Pseado-steatite — 

Pseadosulphocyanogeii  (s.  Persulpho- 

cyanoffen,  p.  680). 
Pseadotalcite        .....      — 

Pseudotozina -— 

Psendotriplite — 

Pseudoveratrine   •       .        •        .        .    745 

Psendo-nric  acid — 

Psilomelane — 

Psoralea ~- 

Pteleic  acid — 

Ptoleyl  (s  Mesit^,  lii.  929). 

Pteritannic  add — 

Ptyalin 746 

Ptychotis ^ 

Pncdne — 

PoddUoflT  (s.  Iron,  lU.  847> 

Pumke  (8.  Obsidian,  p.  169). 

Pulsatilla      ......— 

PnnahUto  (s.  Poonablite,  p.  688 J. 

Punica  ..•....— 

Puiicin — 

Purple^  Aniline — 

Purple  of  Oasaius — • 

Purple  Copper  (s.  Copper,  Sulphides  of, 

ii.  78). 

Purple  Cruoria — 

Purpuramide  (s^  Pnrpnrein). 

Purpurates «• 

Purpurate  o#  Ammonium,  or  Mn- 

rexide 747 

Purpuras  of  Potaaslam,  Sodium, 

&c 748 

Isopurpnraies       •       .       •       .     — 
Metapurpnratei  .       «       ,      -. 

Purpureln     .,,..»_ 
Purpnreocobalt  (s.  Cohalt^hasee,  Am- 

moniacal,  L  10o2). 
Purpuric  acid  (s.  Flirpurates). 
Purpurin      ......    749 

Purporino  (s.  Porporino^  p.  691). 

Purree — 

Purreic  add  (s.  Enzanthio  add,  ilL 

609). 
Purennone  (s.  Euranthone^  ii.  690) 

Pus 761 

Puflehkinite 762 

Pntrangira — 

Putrefaction  (a.  Fermentation,  IL  628).     — 

Pycnite •      ,     

I^cnometer 763 

Pycnotrope  (a.  Serpentine). 
Pyin  "J 

Pyocjanin     >(a.Pu8). 
PyoxaDthoseJ 
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Pyraconitic  add  (s.  Itacohlc  add,  ill 
485). 

PyndloUte 758 

Pjrrantimonite — 

Pyrargillite -* 

Pyrargyrite — 

PyrelaXn 764 

Pyrenaite — 

Pyrene.  ...••      — 

Pyrethrin — 

ryr^^om       .••••••* 

Pyridine — 

PlatinopTridine  and  Platosopyri- 

dine  : 766 

Ethyl-pyridine      .       •       '.       •     — 
Pyrites  .......^ 

Pyro-acetic  Spirit  (s.  Acetone,  i.  26). 
Pyroaliaaric  acid  (s.  Phthalic  Anhydride, 

p.  681). 
Pyrobenzoline  (s.  Lophlne,  lii.  788). 
Pyrocamphretic  acid      .       •       .       .    — 
Pyrocatechin  (s.  Oxyphenic  add,  p.  816 J. 
Pyrochlore  '.       .  *    .       .       .       .    767 

iTTodtric  adds — 

iTTochroIte — 

Pyrodaaite -— 

Pyrocomenie  add  (s.  Pyromeconic  aci^ 
p.760> 

Pyrocomne ^~ 

Pyrodextrin.       •••..— 
Pyrodmalite  (s.  Pyrosmalite,  p.  771). 
Pyrogall^In  ....  758 

Pyrogallicadd     ....  — 

Pyrogen 759 

Pyrogludc  acid  fs.  Pyrodextrin  J. 
iTTOglyoerin  (n.  Diglycerin,  ii.  895 ). 
P^nDOglydde  (MeUylycerin,  ii.  695). . 
Pyrognomlo  Minerals  .       .  .760 

Pyrognaiado  add  (Guaiacol,  ii.  946). 
Pyroguaiadn  (s.  Guacaium,  ii.  948). 

Pyiola 

Pyroldc  add        •       •       •       • 
I^rroligneous  add        .       •       • 
Pyroline  ( s.  Pyrrol). 
P^lithofellic  add 
f^liyilicadd     .... 

Pvrolusite 

PyromaUc  add  (s.  Kaldo  add,  ill  781). 
Pyromaric  acid    •       t       •       • 
Pyromeconic  add         .        •       • 

Bromopyromeconic  add       •       •    761 

lodopyromeconic  add  .       •       •      — 

Pyromeline  .•••••    762 

^omdUticadd.       .       .       . 

ryromende  «       •       •       •       • 

Pyrometer 

Pyromorintannio  acid  (a.  Oxyphanic 

add,  p.  816). 
Pyromorphite       •       •       •       • 
Pyromucamide  (p.  764). 
Pyromudcadd    .        •       .        •        .    768 
Apptmdir  to  Pyronmae  add  : 
Mucobromic  add       •       •       •     — 
Mucochlorio  add       •       •       •    764 
Muconicadd  .       • 

Pyromudc  add.  Amides  of: 

1.  Pyromucamide.       • 

2.  Carfoopyrrolic  add    . 
8.  Dipyromucamide,  or  Garbopyrro! 

amide 765 

Pyromudc  Alcohol      . 
Pyromudc  Chloride     • 
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PjTomndo  Btbcn  t 

Ethjlie  Pyroomeata 

GhloroBT'Mni^c  ether 
Fyrope. 

Pyropectie  acid    •       • 
I^rophonu  •       •       • 
Pjnophoepluuiiie  adds : 
.  1.  Pyrophoephamic  add 

2.  PjrrophoqUiodiaiiiic  acid  • 

8.  Pyropboephotriamio  add . 
Pyropboephoric  add  (s.  Phoephonu^ 

Ozyrai-adda  o^  p.  (89). 
PyiophyUiU         .... 
PyrophyiaUte  (a.  PhysaUte^  p.  684). 

Pyropin^ 

PyropiMite  •       «       •       •       • 
Pyroqninol  (a.  HydroqaiaoM,  ilL  S18> 
Pyioracemic  add  •  • 

Pyroracematea      •       • 

/i-pTTonoemk  add       • 
Pyjoieliii     •       •       •       • 
Pyrorthito  (a.  Orthit%  p.  iST). 
Pynadeiite  .... 

KwinHeierite 

Rhodochrome  •  • 
Pyrftwneiititt  •  •  •  • 
PyroaorUo  add  (a.  Haleio   add,  iii. 

784). 

Pyrostibite  (a.  Kermeutap  iU.  446). 
PyroUitarie  add .       •       •       • 

P^taitratea 

Dibromopyrotartaric  adda    • 
PyroUitarie  Anhydride       • 
PjToUitarie  Ethen     •       • 
P3rroUrtraiiil       •       •       •       • 
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767 
768 
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770 


771 


772 
773 

774 


PyrotartnnUic  add 
Pyrotartrimide  • 

Pyrotartrooitraiiil        • 
PyrotartroniUanilic  add 
PyroCedmy  •       •       • 
Pjrroterebfeadd    .       • 
Pyro-nric  add  («.  Cyanniio  9ddt  & 

288). 
Pyrozam  (t,  XykUin). 
I^roxanthln        .       •       •       . 
Pyoxanthogaa     •       •       •       • 
Pyroxene     •       •       •       •       . 
Pyroxenite  •       •       •       • 

Pyroxylin        •       •       •       • 
Qan-oott4Mi^   •       •       •       • 

Praparation       •       •       •       . 

Properties  •       •       •       •       < 

DeoomposiUons . 
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776 
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Application  to  Gnnnery    • 

K  MiUt 


Application  to  other  Military 
paqraees 

Application  to  RlasHng     •       « 
Pyroxylin  for  the  prepantion  of 

Collodion 

Pyrrfaite 

Pyrrhol  (s.  Pyrrol). 

Pyrrhopine 

Pynhoratin  .••••« 
Pyrrhosiderite  (i.  GSthitflb  a  940> 
Pyrrfaotin     •••••• 

Pyrrol  .  

Pyrrol-red 

Pyrnyic  add  (a.  Fyroraoemic  add,  p. 
769> 
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778 

780 

781 
782 
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/^  SYSTEM  OF  SURGERY, 

Theoretical  and  Practical,  in  Treatises  by  various  Authors.  Edited  by 
T.  Holmes,  M.A.,  Sui^eon  and  Lecturer  on  Surgery,  St.  George's 
Hospital.  New  Edition,  thoroughly  revised,  with  numerous  Illustrations 
on  Wood  and  Stone  and  in  Chromolithography.  In  Five  Volumes,  8vo, 
price  2is.  each. 

Vol.  I.  General  Pathology,  comprising  all  the  articles  on  General 
Pathology  contained  in  the  First  Volume  of  the  previous  Edition  down 
to  the  end  of  the  essay  on  Collapse,  with  the  addition  of  Mr.  Croft*s 
essay  on  Hectic  and  Traumatic  Fever  and  the  After-Treatment  of  Opera- 
tions, which  formed  part  of  the  Appendix  to  the  previous  Edition. 
8vo,  price  2 1  J. 

Vol.  II.  comprising  the  whole  of  the  Treatises  in  the  previous  Edition 
relating  to  Getteral  and  Special  Injuries,     8vo,  price  2ix. 

Vol.  III.  comprising  Diseases  of  the  Eye  and  Ear^  of  the  Organs  of 
Circulation^  Muscles,  and  Bones,     8vo,  price  2is. 

Vol.  IV.  comprising  Diseases  of  the  Organs  of  Locomotion,  of  Innervation, 
oi Digestion,  oi Respiration,  and  of  the  Urinary  Organs*    8vo,  price  2\s. 

Vol.  V.  completing  the  New  Edition,  will  appear  early  'in  the  Present 
Year. 


WOJRKS  ON  MEDICINE,   SURGERY,   ^c. 


^NATOMY,  DESCRIPTIVE  AND  SURGICAL. 

By  Henry  Gray,  F.R.S.,  late  Lecturer  on  Anatomy  at  St  George's 
Hospital  With  nearly  400  laigc  Woodcuts ;  Aose  in  the  First  Edition 
after  Original  Drawings  by  Dr.  Carter,  from  Dissections  made  by  the 
Author  and  Dr.  Carter  ;  the  additional  Drawings  in  the  Second  and 
fiubsequeot  Editions  by  DR.  Westmacott. 

Fifth  Edition,  by  T.  HcAMEs,  M.  A.,  SurgeoA  and  Lccturtr  on  Suigcry, 
St.  George's  Hospital ;  with  an  Introduction  on  General  Anatomy  and 
Development  by  the  Ediior.    Royal  8vo,  28j. 


\.t^  '*  ^t. *\ 0 \ f\. 


OUTLINES  OF  PHYSIOLOGY,  HUMAN  AND 

COMPARATIVE. 

By  John  Marshall,  F.R.S.,  Professor  of  Suiigery  in  University 
College,  London ;  Suri^eon  to  the  University  College  Hospital  With 
122  Woodcut  Illustrations.     2  vols,  crown  8vo,  32r. 
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PHYSIOLOGICAL  ANATOMY    AND   PHYSIO- 
LOGY OF  MAN. 

By  Robert  B.  Todd,  M.D.,  and  William  Bowman,  F.R.S.,  of  King's 
College.     With  numerous  Illustrations.     Vol,  II.  8vo,  25J. 

Vol.  I.    New  Edition  by  Dr.  Lionel  S.  Beale,  F.R.S.,  in  course  of 
publication.   Part  I.  8vo,  with  8  Plates  (4  coloured),  yj.  6</. 

\*  The  Second  Part,  completing  Dr.  Beale's  New  Edition  of  the  First 
Volume,  is  nearly  leady. 


COMPARATIVE    ANATOMY    AND    PHYSIO- 
LOGY OF  THE  VERTEBRATE  ANIMALS. 

By  Richard  Owen,  F.R.S.,  Superintendent  of  the  Nat.  Hist.  Depart- 
ments, British  Museum.      3  vols,  8vo,  with  1,472  Woodcuts,  73J.  6</. 

Vol.  I.  FisJus  and  ReptUes,  with  452  Woodcuts,  2ij. 
Vol.  II.    Warm-blooded  Vftiehrates,  with  406  Woodcuts,  2IJ. 
Vol.  III.  Mammalia,  including  Man,  with  copious  Indexes  to  the 
whole  work,  and  614  Woodcuts,  31J.  6d. 
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£SSAYS  ON  PHYSIOLOGICAL  SUBJECTS. 

By  Gilbert  W.  Child,  M.A.,  F.L.S.,  F.C.S.,  of  Exeter  College, 
Oxford ;  Lecturer  on  Botany  at  St.  George's  Hospital  Second  Edition, 
with  Additions.     Crown  8vo,  with  Woodcuts,  price  7j.  6d. 
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DOBELL'S  REPORTS  on  the  PROGRESS 

OF  PRACTICAL  ANP  SCIENTIFIC  MEDICINE, 

In  diiTerent  parts  of  the  World,  contributed  by  numerous  and  distinguished 
Coadjutors : — 

Vol.  I.  for  the  Year  1869,  8vo,  price  i8j. 

Vol.  II.  for  the  Year  1870,  8vo,  price  i8j. 


V  »/  *^  »•  \>  »  ■ 


COPLAND'S    DICTIONARY    OF    PRACTICAL 

MEDICINE: 

Comprising  Special  Pathology,  the  Principles  of  Therapeutics,  the  Nature 
and  Treatment  of  Diseases,  Morbid  Structures,  and  the  Disorder?  especi- 
ally Incidental  to  Climates,  to  Kaces,  to  Sex,  and  to  the  Epochs  of  Life  ? 
with  an  Appendix  of  Approved  Formulae.  Abridged  from  the  larger 
work  by  the  Author,  assisted  by  J.  C.  Copland,  M.R.C.S.,  and  brought 
down  to  the  present  state  of  Medical  Science.     8vo,  price  36J. 
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LECTURES     ON     THE     PRINCIPLES     AND 

PRACTICE  OF  PHYSIC. 

By  Sir  Thomas  Watson,  Bart,  M.D.,  D.C.L.,  F.R.S.,  &c.,  Physioian- 

insOrdinary  to  the  Queen.     New  Edition.     2  Vols.  8vo.  [/«  the  Press, 
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^HE    LIFE   AND   LETTERS   OF    FARADAY. 

By  Dr.  Bence  Jones,  Secretary  of  the  Royal  Institution.   With  Portrait  and 
8  Woodcuts.     Second  Edition,  thoroughly  revised.     2  vols.  8vo,  price  281. 
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PARADAY  AS    A    DISCOVERER. 

By  John  Tyndall,  LL.D.,  F.R.S.     Second  and  Cheaper  Edition,  with 
Two  Portraits.     Fcap.  8vo,  price  %5,  6d. 
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TfHE 


LIFE    OF    JOHN     HEYSHAM,    M.D., 

Author  of  the  **  Carlisle  Bills  of  Mortality."  With  an  Appendix  contain- 
ing his  Correspondence  with  Mr.  Joshua  Milne,  Actuary  to  the  Sun  Life 
Assurance  Society.  Edited  by  Henry  Lonsdale,  M.D.  4to,  with  Por- 
trait, price  lOf.  (xi. 
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ANALYSIS     OF      THE      PHENOMENA     OF 

THE   HUMAN   MIND. 

By  James  Mill.  A  New  Edition,  with  Notes  Illustrative  and  Critical,  by 
Alexander  Bain,  Andrew  Findlater,  and  George  Grote.  Edited, 
with  additional  Notes,  by  John  Stuart  Mill.    2  vols..  8vo,  28/. 


\ 


4  WORICS  ON  MEDICINE,   SURGERy,    &-r, 

^N  INTRODUCTION  TO  MENTAL   PHILO- 
SOPHY, 

On  the  Inductive  Method.    By  J.  D.  Morell,  LL.D.    8vo,  izr. 
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TpHE    HISTORY    OF     PHILOSOPHY     FROM 

THALES   TO  COMTE. 

By  George  Henry  Lewes.    Third  Edition,  partly  re-written  and  greatly 
enlaiged.    2  vols.  8vo,  30X. 
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fHE  EMOTIONS  AND  THE  WILL: 

Completing  a  Systematic  Exposition  of  the  Human  Mind.  By  Alexander 
Bain,  LL.D.,  Professor  of  Logic  in  the  University  of  Aberdeen.  New 
Edition  in  preparation. 

'pHE  SENSES  AND  THE  INTELLECT. 

By  the  same  Author.  Third  Edition,  with  numerous  Emendations. 
8vo,  ly. 

QN  THE  STUDY  OF  CHARACTER: 

Including  an  Estimate  of  Phrenology.  By  the  same  Author.  New  Edition 
in  preparation. 

J^ENTAL  AND  MORAL  SCIENCE: 

A  Compendium  of  Psychology  and  Ethics.    Second  Edition.    By  the  same 
Author.     Crown  8vo,  lor.  6d, 
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^N  EXAMINATION  OF  SIR  W.  HAMILTON'S 

PHILOSOPHY, 

And  of  the  Principal  Philosophical  Questions  discussed  in  his  Writings. 
By  John  Stuart  Mill.    Third  Edition.   8vo,  idr. 

A     SYSTEM    OF    LOGIC,    RATIOCINATIVE    AND 

'^"^    INDUCTIVE; 

Being  a  Connected  View  of  the  Principles  of  Evidence  and  the  Methods  of 
Scientific  Investigation.     By  the  same  Author.     Seventh  Edition.     2  vols. 
8vo,  price  25/. 

J^ILLICK'S  HANDBOOK  OF  MILL'S  LOGIC. 

Crown  8vo,  31.  6J, 

gTEBBING'S  ANALYSIS  OF  MILL'S  LOGIC. 

l2mo,  3^.  6d, 
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LOGIC,  DEDUCTIVE  AND  INDUCTIVE. 

By  Alexander  Bain,  LL.D.,  Professor  of  Logic  in  the  University  of 
Aberdeen.  In  Two  Parts,  crown  8vo,  price  lOir.  6d.  Each  Part  may  be 
had  separately : — 

Part  I.,  Deditctuw,  price  4s, ;  Part  II.,  Induction,  price  6x.  6«/. 


LECTURES  ON  SURGICAL  PATHOLOGY. 

Delivered  at  the  Royal  College  of  Surgeons  of  England.  By  J.  Paget 
F.R.S.,  D.C.L.,  &c.,  Serjeant- Surgeon  to  the  Queen,  Surgeon  in  Ordi 
nary  to  the  Prince  of  Wales,  Suxgeon  to  St.  Bartholomew's  Hospital 
The  Third  Edition,  revised  and  re-edited  by  the  Author  and  W.  TuR 
NER,  M.B.,  Professor  of  Anatomy  in  the  University  of  Edinburgh.  8vo, 
with  131  Woodcuts,  price  21s. 


CLINICAL    NOTES    ON    DISEASES    OF   THE 

LARYNX, 

Investigated  and  treated  with  the  assistance  of  the  Laryngoscope.  By 
William  Marcet,  M.D.,  F.R.S.,  F.R.C.P.,  F.C.S.,  &c.  Assistant- 
Physician  to  the  Hospital  for  Consumption  and  Diseases  of  the  Chest, 
Brompton.     With  5  Drawings  in  Lithography.     Post  8vo,  6s, 


J^   TREATISE  ON   MEDICAL  ELECTRICITY, 

THEORETICAL  AND   PRACTICAL; 

And  its  Use  in  the  Treatment  of  Paralysb,  Neuralgia,  and  other  Diseases. 
By  Julius  Althaus,  M.D.,  Member  of  the  Royal  College  of  Physicians ; 
Fellow  of  the  Royal  Medical  and  Chirurgical  Society ;  Senior  Physician  to 
the  Infirmary  for  Epilepsy  and  Paralysis.  Second  Edition,  revised  and 
for  the  most  part  re- written ;  with  a  Plate  and  62  Woodcuts.  Post  8vo» 
price  15  J. 


I^OTES    ON    THE    TREATMENT    OF    SKIN 

DISEASES. 

By  Robert  Liveing,  M.  A.  and  M.D.  Cantab.  Demonstrator  on  Diseases 
of  the  Skin  and  Assistant-Physician  to  Middlesex  Hospital.  l8mo,  price 
2s.  6d. 


^HE     CLIMATE     OF      THE      SOUTH      OF 

FRANCE  AS  SUITED  TO   INVALIDS ; 

With  Notices  of  Mediterranean  and  other  Wmter  Stations.  By  C.  T. 
Williams,  M.A.,  M.D.,  Oxon.  ;  Assistant-Physician  to  the  Hospital  for 
Consumption  at  Brompton.  Second  Edition,  revised  and  enlaiged; 
with  Frontispiece  and  Map.     Crown  8vo,  price  6s, 


WORKS   ON  MEDICINE^    SURGERY^    crv. 


QN    CHRONIC    BRONCHITIS, 


Especially  as  connected  with  GOUT,  EMPHYSEMA,  and 
DISEASES  of  the  HEART. 

By  E.  Headlau  Greenhow,  M.D.,  F.K.C.P.,  &c.  Consulting- Phys>iciaii 
to  the  Western  General  Dispensary,  Senior  Assistant- Physician  to  the 
Middlesex  Hospital.     8vo,  7j.  ()d. 


CLINICAL  LECTURES  ON  DISEASES  OF  THE 

LIVER,  JAUNDICE,  AND  ABDOMINAL  DROPSY. 

By  Charles  Murchison,  M.D.,  F.R.S.,  &c.  Physician  and  Lecturer  on 
the  Practice  of  Medicine,  Middlesex  Hospital  Post  8yo,  with  25  Wood- 
cuts, price  lOr.  (>d. 


CLINICAL    RESEARCHES    ON    DISEASE    IN 

INDIA. 

By  Charles  Morehead,  M.D.,  Surgeon  to  the  Jamsetjee  Jeejecbhoy 
Hospital     Second  Edition,  thoroughly  revised.    8vo,  2ix. 


•*A  careful  pcriLsal  of  thih  work  has  cor- 
roborated our  high  opinion  of  the  clinical 
ability  of  its  author.  His  researches  are 
chanicterised  by  the  results  of  considerable 
experience ;  by  the  uniform  desire  to  make  all 
hypothetical  pathology  subordinate  in  impor- 
tance to  the  practice  of  bedside  ob!»er\ation  ; 
and^  by  the  absence  of  all  tendency  to  dog- 
■latism.  Prom  these  circtMnstances,  a  thoroughnr 
praaical  character  is  given  to  the  work,  though 


at  the  same  time  the  Author,  when  touching 
upon  points  of  recondite  and  modem  patholog)', 
generally  shows  himself  quite  up  to  the  know- 
ledge of  his  time,  and  hence  the  reader  proceeds 
upon  a  safe  substratum.  On  the  other  hand,  we 
think  the  more  advanced  in  knowledge  the 
reader  is,  the  more  will  be  s^redate  Dr. 
Morbhkad's  work.  The  practitioner  already 
conversant  with  disease  in  India  will  fully 
appreciate  it."— Lancet. 
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ON 


CANCER:  ITS  ALLIES  AND  COUNTER- 
FEITS. 

By  Weeden  Cooke,  Sui'j^'eoii  to  the  Cancer  Hospital  and  lo  the  Royal 
Free  Hospital.     With  12  Coteured  Plates.     Svo,  \%5.  (xi. 
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J^ODENT  CANCER  j 

With  Photographic  and  otheir  Illustrations  of  its  Nftlure  and  Treatment. 
By  CHARLES  H.  MooRlE,  F.k.C»S,,  Vice-President  of  the  Royal  Med. 
and  Chit.  Soc.  of  Lond.,  Sui^gfeoH  to  the  Middlesex  Hospital  and  to  St. 
Luke's  Hospital  for  Lunatics.     Post  8vo.    6s. 


fJYSTERIA ; 


Remote  Causes  of  Disease  in  General ;  Treatment  of  Disease  by  Tonic 
Agency ;  Local  or  Surgical  Forms  of  Hysteria,  &c.  Six  Lectures  delivered 
to  the  Students  of  St.  Bartholomew's  Hospital  By  ?.  C.  Skey,  F.R-S. 
&c.  Consulting  Surgeon  to  St  Bartholomew's  Hospital.  Third  Edition. 
Crown  8vo,  5j. 
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£)ISEASES  OF  THE  KIDNEY,  HAEMATURIA, 

AND  DIABETES. 

By  W.  HowsHiP  Dickinson,  M.D.  Cantab.,  Fellow  of  the  College  of 
Physicians,  Physician  to  the  Hospital  for  Sick  Children,  Assistant-PhysicTan 
to  St.  George's  Hospital.    8vo,  wiUi  Illustrations.  [In  the  Press, 

V  This  worit  is  the  Second  Edition  of  the  Author's  Volume  intitled 
''Albuminuria,''  partly  re-written,  and  with  such  additions  as  are  suffi- 
cient to  render  it  a  comprehensive  treatise  on  Renal  Disease. 


INJURIES  OF  THE  EYE,  ORBIT,  AND  EYE- 
LIDS ; 

Their  Immediate  and  Remote  Effects.  By  George  Lawson,  F.RC.S., 
Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  Moorfields,  add 
Assistant-Suigeon  to  the  Middlesex  Hospital:  •  8vo,  with  $2  Woodcuts, 
price  I2J.  6d, 
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QN  SPINAL  WEAKNESS  AND   SPINAL  CUR- 

VATURES  J  their  Early  Recognition  and  Treatment. 

By  W.  J.  Lrn-LE,  M.D.,  &c.,  Founder  and  foiroerly ,  Senior  Medical 
Officer  of  the  Royal  Orthopoedic  Hospital.    8vo,  with  10  Woodcuts,  Sx. 
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gT.  BARTHOLOMEW'S  HOSPITAL  REPORTS, 

With  Illustrations  in  Lithography  and  Woodcrt*     Vols*  L  to  VL    8vo, 
price  7j.  6</.  each  volume*  :      v 


8  JyORKS  ON  MEDICINE,  SURGERY,    i&v. 

^beasts  0(  Mometi  anb  C^tU^nii,  antr  |popuIar 

TfHE    DIAGNOSIS    AND    TREATMENT    OF 

DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

By  Graily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
Women,  University  College,  and  Obstetric  Physician  to  the  Hospital, 
President  of  the  Obstetrical  Society  of  London.  Second  Edition,  revised, 
and  for  the  most  |>art  re-written;  with  Ii6  Illustrations  engraved  on 
Wood.     8vo,  24/. 

THE  DUBLIN  PRACTICE   OF  MIDWIFERY. 

By  Henry  Maunsell,  M.D.,  formerly  Professor  of  Midwifery  in  the 
Royal  College  of  Suigeons  in  Ireland.  New  Edition,  enlarged  and  revised. 
Edited  by  T.  M.  Madden,  M.R.I.A.,  &c..  Senior  Assistant-Physidan  to 
the  Dublin  Lying-in- Hospital.     Fcp.  8vo,  51. 
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fJINTS  TO  MOTHERS  FOR  THE  MANAGE- 
MENT OF  THEIR  HEALTH  DURING  PREGNANCY 
AND   IN    THE   LYING-IN    ROOM  : 

With  Hints  on  Nursing,  &c.     By  Thomas  Bull,  M.D.     New  Edition, 
revised  and  enlarged.     Fcap.  5^. 


j     THE  MATERNAL  MANAGEMENT  OF  CHILDREN 

j  IN   HEALTH   AND   DISEASE. 

By  the  same  Author,     New  Edition,  revised  and  enlarged.      Fcap.  Ss, 

O^     THE     SURGICAL     TREATMENT     OF 

CHILDREN'S   DISEASES. 

By  T.  Holmes,  Surgeon  and  Lecturer  on  Sui^ry,  St.  Gcoiige's  Hospital, 
'  and    Suiigeon-in-Chief   to   the    Metropolitan    Police.      Second    Edition, 

thoroughly  revised ;  with  Additional  Chapters  on  Orthopaedic  Surgery 
and  Paracentesis  Thoracis.  With  9  Chromolithographic  Plates  and  112 
Woodcut  Illustrations  from  Original  Drawings.     8yo,  2ix. 


LECTURES  ON  THE  DISEASES  OF  INFANCY 

AND  CHILDHOOD. 

By  Charles  West,   M.D.,    &c.,    Physician  to  the  Hospital  for  Sick 
Children.     Fifth  Edition,  revised  and  enlaiged.    8vo,  idr. 


PUBLISHED  BY  MESSRS.  LONGMANS,  GREEN,  &'  CO. 


fjOW  TO  NURSE  SICK   CHILDREN; 

Containing  Directions  which  may  be  found  of  service  to  all  who  have 
the  Charge  of  the  Young.  By  Charles  West,  M.D.,  &c.,  Physician 
to  the  Hospital  for  Sick  Children.     Third  Edition.     Fcap.  8vo,  is.  M, 


'J'HE  PHILOSOPHY  OF  HEALTH; 

Or,  an  Exposition  of  the  Physiological  and  Sanitary  Conditions  conducive 
to  Human  Longevity  and  Happiness.  By  South  wood  Smith,  M.D. 
Eleventh  Edition,  with  113  Figures  engraved  on  Wood.     8vo,  Js,  6d. 


|>^OTES  ON   HOSPITALS. 


By  Florence  Nightingale.     Third  Edition,  enlarged,  and  for  the  mobt 
part  re-written.     Post  4to,  with  13  Plans,  i&r. 


ateria  Ptirica  anlr  ^xtUim. 


"THOMSON'S  CONSPECTUS  OF  THE  BRITISH 

PHARMACOPCEIA. 

Twenty-fifth  Edition,  corrected.  By  Edmund  Lloyd  Birkeit,  M.D., 
&c.,  Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest. 
i8mo,  6s. 


I^ANUAL     OF     MATERIA     MEDICA     AND 

THERAPEUTICS  : 

Being  an  Abridgment  of  the  late  Dr.  Pereira's  Elements  of  Materia 
Medica,  arranged  in  conformity  with  the  British  Pharmacopoeia,  and 
adapted  to  the  use  of  Medical  Practitioners,  Chemists  and  Druggists, 
Medical  and  Pharmaceutical  Students,  &c  By  F.  J.  Farre,  M.D.  &c  ; 
assisted  by  R.  Bentley,  M.R.C.S.,  and  R.  Warington,  F.R.S. 
8vo,  with  90  Woodcuts,  21s. 


lo  WORKS   ON  MEDICINE,    SURGERY,    ^r^. 


Cj^embtrg. 


£)ICTIONARY    OF    CHEMISTRY    AND    THE 

ALLIED  BRANCHES  OF   OTHER  SCIENCES. 

By  Henry  Wai^s,  F. R.  S. »  Editor  of  the  Journal  of  the  Chemical  Society, 
assisted  by  eminent  Scientific  and  Practical  Chemists.     5  vols.  8vo,  J^l  3x. 

Two  yean  have  now  elapsed  since  this  Die-  ing  the  record  of  Chemical  discovery  down  to 
tionary  was  completed,  and  nine  years  since  the  '  the  end  of  the  year  1869.  The  SuprtxiiEKT 
first  Tolume  was  printal ;  and  dimngtheve  years  •  will  form  a  volume  of  about  900  pages,  and  is 
larse  and  important  additions  have  been  made  |  expected  to  be  ready  in  the  coun«  of  the  present 
bow  tu  the  facts  and  to  the  theories  of  Chemical  year.  The  Author  has  been  fortunate  in  se- 
Scicnce.  To  present  these  additions  in  a  com- 1  curing  the  co*operalion  of  several  of  his  fomaer 
pcndious  form,  it  has  been  thought  desirable  to  Contkibutors,  who  have  kindly  consented  to 
publish  a  SurrutMENT  to  the  Dictionary,  bring-  -  furnish  additions  to  their  articles. 
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£LEMENTS  OF   CHEMISTRY, 

Theoretical  and  PracticaL  By  William  Allen  Miller,  M.D.,  LL.D., 
F.R.S.,  late  Professor  of  Chemistry,  King's  College,  London.  Fourth  Edi- 
tion, thoroughly  revised.    3  vols.  8vo,  price  3/.    May  be  had  separately  : — 

Part  L— CHEMICAL  PHYSICS,  price  15^. 
„     IL— INORGANIC  CHEMISTRY,  price  2IJ. 
„  IIL— ORGANIC  CHEMISTRY,  price  24J. 
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JNTRODUCTION    TO    THE  STUDY    OF    IN- 

ORGANIC  CHEMISTRY. 

By  the  same  Author.  (Being  the  Third  Work  of  the  New  Series  of 
Text-Books  of  Science,  in  course  of  publication.  Edited  by  Professor 
T.  M.  GooDEVE,  M.A.)  With  71  Figure  on  Wood.  Small  8vo>  price 
3^.  6^. 
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A 


MANUAL  OF  CHEMISTRY, 

Descriptive  and  Theoretical.  By  William  Odling,  M.B.,  F.R.S., 
Fellow  of  the  Royal  College  of  Physicians,  Secretary  to  the  Chemical 
Society,  and  Lecturer  on  Chemistry  at  St  Bartholomew's  Hospital 
Part  L  8vo,  9^.  sewed.     Part  II,  Nearly  read^'» 


Works  by  the  sanu  Author. 

OUTLINES  OF  CHEMISTRY;  OR,  BRIEF  NOTES 

OF  CHEMICAL  FACTS.    Crown  8vo,  price  7j.  6^. 

A  COURSE  OF  PRACTICAL  CHEMISTRY, 

Arranged  for  the  use  of  Medical  Students,    Fourth  Edition.    Crown  8vo, 
with  71  Woodcuts,  price  7J.  6^. 


PUBLISHED  BY  ISJESSRS.  LONCMANS,  GREEN,  d-   CO,        ii 


SIX      LECTURES      ON      THE      CHEMICAL 

CHANGES  OF  CARBON,  delivered  before  a  Juvenile  Auditory  at  the 
Royal  Institution  of  Great  Britain.  By  William  Odling,  M.B.,  F.R.S., 
with  Notes  by  W.  Crookes,  F.R.S.    Crown  8vo,  4f.  td, 

LECTURES   ON   ANIMAL  CHEMISTRY, 

Delivered  at  the  Royal  College  of  Physicians.     By  the  same  Author,  Crown 
8vo.     Price  \s,  6d, 


A 


MANUAL  OF  MEDICAL  AND  PHARMA- 
CEUTICAL CHEMISTRY. 

By  AlfreI)  Riche,  Repetiteur  h  I'iCcole  Imperiale  Polytechniquc ;  Pro- 
fesseur  agrege  k  Tficole  Superieure  de  Pharmacie  de  Paris  ;  Essayeur  des 
Monnaies  de  France.  Translated  and  Edited  by  Richard  V.  Tuson, 
F.C.S.,  Professor  of  Chemistry  at  the  Royal  Veterinary  College ;  formerly 
Lecturer  on  Chemistry  at  the  Charing  Cross  Hospital.  [In  tA^ press. 
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CHEMICAL    NOTES     FOR    THE     LECTURE 

ROOM— ON  HEAT,  LAWS  OF  CHEMICAL  COMBINATION, 
AND  CHEMISTRY  OF  THE  NON-METALLIC  ELEMENTS. 
By  Thomas  Wood,  Ph.D.,  F.C.S.     Second  Edition.     Crown  8vo,  y.  td. 

MOTES     ON     THE     METALS  ;     a    Second     Series    of 

"CHEMICAL  NOTES  FOR  THE  LECTURE  ROOM."  By  the 
same  Author.     Crown  8vo,  $s. 

CHEMICAL  NOTES  FOR  THE  LECTURE  ROOM, 

Two  Series  as  above,  in  i  vol.,  Sir. 
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SELECT    METHODS    IN    CHEMICAL    ANA- 
LYSIS AND  LABORATORY  MANIPULATION. 

By  William  Crookes,  F.R.S.  &c.,  Editor  of  "The  Chemical  News.** 
I  Vol.  post  8vo.  [In  the  Press. 

QN   THE   MANUFACTURE  OF  BEET-ROOT 

SUGAR   IN    ENGLAND    AND    IRELAND.       By  the  same  Author. 
With  Eleven  Illustiations  engraved  on  Wood.     Crovm  8vo,  price  %s,  6d, 

A  HANDBOOK  OF  DYEING  &  CALICO  PRINTING. 

By  the  same  Author.       XUnstrated  with  numerous  Specimens    of  Dyed 
Textile  Fabrics.     8vo.  [Nearly  ready. 


QN 


ANILINE   AND    ITS    DERIVATIVES:    A 

Treatise  on  the  Manufacture  of  Aniline  and  Aniline  Colours.  By  M. 
Reimann,  Ph.D.  Edited  by  William  Crookes,  F.R.S.  8vo,  with 
5  Woodcuts,  price  lor.  6</. 
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gRANDE'S  DICTIONARY  OF  SCIENCE,  LITE- 
RATURE AND  ART; 

Comprising  the  Definitions  and  Derivations  of  the  Scientific  Terms  in 
general  use,  together  with  the  History  and  Descriptions  of  the  Scientific 
Principles  of  nearly  every  branch  of  Human  Knowledge.  Fourth  Edition, 
reconstructed  and  extended  under  the  Joint- Editorship  of  the  late  Author 
and  the  Rev.  George  \V.  Cox,  M.  A. ;  assisted  by  Contributors  of  eminent 
Scientific  and  Literary  Acquirements.     3  vols,  medium  8vo,  63^. 
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URE'S   DICTIONARY   OF   ARTS,   MANUFAC- 
TURES, AND  MINES; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  Sixth 
Edition,  re-written  and  enlarged  by  Robert  Hunt,  F.R.S.,  Keeper  of 
Mining  Records,  assisted  by  numerous  Contributors.  With  above  2000 
Woodcuts.     3  vols,  medium  8vo,  4/.  I4r.  bd, 

ELEMENTARY  TREATISE  ON  PHYSICS, 

Exi^erimental  and  Api)lied,  for  the  use  of  Colleges  and  Schools.  Trans- 
lated and  edited  from  Ganot's  EUniatts  de  Physique  (with  the  Author's 
sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of  Experimental 
Science,  Royal  Military  College,  Sandhurst.  New  Edition,  with  a  Plate 
and  620  Woodcuts.     Post  8vo,  15J. 


ARNOTT'S     ELEMENTS     OF     PHYSICS    OR 

NATURAL    PHILOSOPHY. 

Written  for  General  Use  in  Plain  or  Non-technical  Language.  Sucth 
Edition,  thoroughly  revised  by  the  Author ;  and  containing  in  the  Second 
Part  the  new  completing  chapters  on  Electricity  and  Astronomy,  with  an 
Outline  of  Popular  Mathematics.  8vo,  in  Two  Parts,  which  may  be  had 
separately,  price  lOf.  dd.  each. 

'J'HE  CORRELATION  OF  PHYSICAL  FORCES. 

By  W.  R.  Grove,  Q.C,  M.A.,  V.P.R.S.  New  Edition,  being  the 
Fifth,  followed  by  a  Discourse  on  Continuity.  8vo,  lar.  6</.  The  Dis- 
course on  Continuity  may  be  had  separately,  price  %s,  dd. 
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'J^HE  BEGINNING:    its  WHEN  and  its  HOW. 

By  MuNGO  Ponton,  F.R.S.E.     Post  8vo,  with  very  numerous  Illustrations. 

[Nearly  ready. 
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'pHE  FORCES  OF  THE  UNIVERSE. 

By  George  Berwick,  M.D.,  Senior  Medical  Officer  of  the  Niger  Ex- 
ploring Expedition  of  1857-58.     Post  8vo,  price  5x. 
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fJEAT  A  MODE  OF  MOTION. 

By  John  Tyndall,  LL.D.,  F.R.S.,  Professor  of  Natural  Philosophy  m 
the  Royal  Institution  of  Great  Britain.  Fourth  Edition,  with  Additions 
and  Illustrations.     Crown  8vo,  with  Plate  and  io8  Woodcuts,  lar.  6d. 

COUND ;  A  COURSE  OF  EIGHT  LECTURES 

Delivered  at  the  Royal  Institution.  By  the  same  Author.  Second  Edition. 
With  a  Portrait  of  M.  Chladni,  and  169  Woodcuts.     Crown  8vo.  9J. 

J^ESEARCHES  on  DIAMAGNETISM  AND  MAGNE- 

CRYSTALLIC  ACTION ;  including  the  Question  of  Diamagnetic  Polarity. 
By  the  same  Author.     With  6  Plates  and  many  Woodcuts.    8vo,  price  14^. 

MOTES    OF  A   COURSE   OF    SEVEN    LECTURES 

ON  ELECTRICAL  PHENOMENA  AND  THEORIES.  Delivered  at 
the  Royal  Institution  A.D.  1870.  By  the  same  Author.  Crown  8vo, 
price  IS,  sewed,  or  ix.  6d,  cloth. 

JsJOTES  OF  A  COURSE  OF  NINE  LECTURES  ON 

LIGHT.  Delivered  at  the  Royal  Institution,  A.D.  1869.  By  the  same 
Author.     Crown  8vo,  is,  sewed,  or  ix.  6d,  cloth. 

pRAGMENTS    OF  SCIENCE  FOR  UNSCIENTIFIC 

PEOPLE.  A  Series  of  detached  Essays,  Lectures,  and  Reviews.  By  the 
same  Author,     i  Vol.  8vo.  [N^earfy  ready. 
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T  IGHT;    ITS    INFLUENCE    ON    LIFE    AND 

HEALTH. 

By  Forbes  Winslow,  M.D.,  D.C.L.  Oxon.  (Hon.)  Fcp.  8vo,  dr. 
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QUTLINES  OF  ASTRONOMY, 


By  Sir  John  F.  W.  Herschel,  Bart,  KH.,  &c,  Member  of  the  Insti- 
tute of  France.     Tenth  Edition.     8vo,  with  9  Plates,  i&r. 
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rjELESTIAL    OBJECTS    FOR     COMMON    TE- 

LESCOPES. 

By  the  Rev.  T.  W.  Webb,  M.A.,  F.R.A.S.,  Incumbent  of  Hardwick, 
Herefordshire.     Revised  Edition,  with  Illustrations.     i6mo,  yj.  6^. 
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THE 


SUN;   RULER,  LIGHT,  FIRE,  and  LIFE 

OF  THE  PLANETARY  SYSTEM. 

By  Richard  A.  Proctor,  B.A.,  F.R.A.S.     With  10  Plates  (7  coloured) 

and  107  Figures  engraved  on  Wood.     Crown  8vo,  price  14J. 

QTHER    WORLDS    THAN    OURS; 

The  Plurality  of  Worlds  Studied  under  the  Light  of  Recent  Scientific 
Researches.  By  the  same  Author.  Second  Edition,  revised  and  enlarged  ; 
with  Fourteen  Illustrations  (Six  coloured).     Crown  8vo,  price  lor.  td. 
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^   TREATISE  ON  ELECTRICITY, 

In  Theory  and  Practice.  By  A.  De  la  Rive,  late  Professor  in  the 
Academy  of  Geneva.  Translated  for  the  Author  by  C.  V.  Walker, 
F.R.S.    3  vols.  8vo,  with  numerous  Woodcuts,  3/.  13^ 

|y|ANUAL  OF  GEOLOGY. 

By  Samuel  Haughton,  M.D.,  F.R.S.,  Fellow  of  Trin.  Coll.,  and 
Professor  of  Geology  in  the  Univ.  of  Dublin.  Second  Edition,  with  66 
Figures  engraved  on  Wood.     Fcap.  8vo,  ys,  6d. 
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'P^HE  ORIGIN   OF    CIVILISATION  AND   THE 

PRIMITIVE    CONDITION    OF    MAN; 

Mental  and  Social  Condition  of  Savages.  By  Sir  Joim  Lubbock,  Bait., 
M.P.,  F.R.S.  Second  Edition,  with  25  Figures  Engraved  on  Wood.  8vo, 
price  I  dr. 

'J^HE  PRIMITIVE    INHABITANTS  OF  SCAN- 
DINAVIA : 

Containing  a  description  of  the  Implements,  Dwellings,  Tombs,  and  Mode 
of  Living  of  the  Savages  in  the  North  of  Europe  during  the  Stone  Age. 
By  SVEN  NiLSSON.  Third  Edition,  "with  an  Introduction  by  Sir  JoHX 
Lubbock,  Bart,  M.P.,  F.R.S.     8vo,  with  16  Plates  of  Figures,  i&r. 

J^ETALS,  THEIR  PROPERTIES  and  TREAT- 
MENT. 

By  Charles  Loudon  Bloxam,  Professor  of  Chemistry  in  King's  Collie, 
London  ;  Professor  of  Chemistry  in  the  Royal  Military  Academy  and  in 
the  Department  of  Artillery  Studies,  Woolwich.  {Being  the  Second  Work 
of  the  New  Series  of  Text-Books  of  Science,  in  coarse  of  Pablication ; 
Edited  by  Professor  T.  M.  Goodeve,  M.  A.)  With  105  Figures  on  Wood. 
Small  8vo,  price  y,  6d. 

p^  practical  treatise  on  metallurgy, 

Adapted  from  the  last  German  Edition  of  Professor  Kerl's  MetaUurgy^ 
by  William  Crookes,  F.R.S.,  and  Ernst  Rohrig,  Ph.D.      3  vols. 
8vo,  price  4/.  19J. 
Vol.  I.   Lead,  Silver,  Zinc,  Cadmium,  Tin,  Mxrcury,  Bismuth, 

Antimony,  Nickel,   Arsenic,  Gold,   Platinum,  and  Sulphur, 

with  207  Woodcuts.     8vo,  price  3IJ.  6d, 

Vol.  II.     Copper  and  Iron,  with  273  Woodcuts,  price  36J. 

Vol.  III.  Steel,  Fuel,  and  Supplement,  witli  145  Woodcuts,  31J.  6d, 
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J^ANUAL  OF  PRACTICAL  ASSAYING. 

By  John  Mitchell,  F.CS.  Third  Edition,  in  wfilch  are  incorporated 
all  the  late  important  discoveries  in  Assaying  made  in  this  countr)'  and 
abroad  ;  includmg  Volumetric  and  Colorimetric  Assays,  and  the  Blowpipe 
Assays.  Edited  and  for  the  most  part  re- written  by  William  Crookes, 
F.R.S.  &c.     8vo,  with  188  Woodcuts,  price  28jr. 


J^ETALLOGRAPHY   AS    A    SEPARATE  SCI- 

ENCE,  OR  THE  STUDENT'S  HANDBOOK  OF  METALS ; 
An  Elementary  Work  for  Science  Classes ;  and  consisting  of  Notes  on 
Fifty-five  Metals,  their  various  Properties,  their  History,  the  Localities  in 
which  they  are  found,  and  the  Principal  Uses  to  which  they  are  Applied. 
By  Thomas  Allen  Blyth,  M.A.     Crown  8vo,  price  3^.  6ii, 

]^ANUAL   OF   CORALS    AND    SEA   JELLIES 

{Calenterata),     By  J.  R.  Greene,   B.A.     Edited  by  T.  A.  Galbraith, 
M.A.,  and  S.  Haughton,  M.D.     Fcap.  8vo,  with  39  Woodcuts,  5/, 

J^ANUAL  OF  SPONGES  AND  ANIMALCULE 

[Protozoa) ;  with  a  General  Introduction  on  the  Principles  of  Zoology. 
By  the  same  Author  and  Editors.     Fcap.  8vo,  with  16  Woodcuts,  2s. 
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qpHE  TREASURY  OF  BOTANY,  OR  POPULAR 

DICTIONARY  OF  THE  VEGETABLE   KINGDOM; 

With  which  is  incorporated  a  Glossary  of  Botanical  Terms.  Edited  by 
J.  LiNDLEY,  M.D.,  F.R.S.,  and  T.  Moore,  F.L.S.,  assisted  by  numerous 
Contributors.  With  20  Steel  Plates,  and  numerous  Woodcuts  from  Original 
X)esigns  by  W.  H.  Fitch,    2  Parts,  fcap.  8vo,  12s, 
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BRITISH  FLORA: 


Comprising  the  Phsenogamous  or  Flowering  Plants  and  the  Ferns.  Eighth 
Edition,  revised  and  emarged,  with  many  figures  illustrative  of  the  Umbel- 
liferous Plants,  the  Composite  Plants,  the  Grasses,  and  the  Ferns.  By  the 
late  Sir  W.  J.  Hooker,  F.R.A.S.,  and  the  late  G.  A.  Walker- Arnott, 
F.L.S.     i2mo,  with  Twelve  Plates,  price  14;. 


T  OUDON'S  ENCYCLOPEDIA  OF   PLANTS: 

Comprising  the  Specific  Character,  Description,  Culture,  History,  Applica- 
tion in  the  Arts,  and  every  other  desirable  particular  respecting  all  the 
plants  indigenous  to,  cultivated  in,  or  introduced  into,  Britain.  Corrected 
by  Mrs.  Loudon,  assisted  by  George  Don,  F.L.S.,  and  David 
WoosTER.     8vo,  vrith  above  i3,ooo  Woodcuts,  price  42s. 
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A  GENERAL  SYSTEM  OF  DESCRIPTIVE  AND 

ANALYTICAL  BOTANY. 

In  Two  Parts.  Part  I.  Organography,  Anatomy,  and  Physiology  of 
Plants.  Part  IL  Iconography,  or  the  Description  and  Histoir  of  Natural 
Families.  Translated  from  the  French  of  E.  Le  Maout,  NI.D.,  and  J. 
Decaisne,  Member  of  the  Institute,  by  Mrs.  Hooker.  Edited  and 
arranged  according  to  the  Botanical  System  adopted  in  the  Universities  and 
Schools  of  Great  Britain,  by  J.  D.  Hooker,  M.D.,  &c.,  Director  of  the 
Royal  Botanic  Gardens,  Kew.  With  5,500  Woodcuts  from  Designs  by 
L.  Stenheil  and  A.  Riocreux.  [In  thepress. 
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